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In the present study, we explored the unique contribution of reading accuracy, reading
fluency and linguistic comprehension within the frame of Simple View of Reading (SVR).
The experimental sample included 118 3rd to 5th grade children learning ltalian, a
language with a highly regular orthography. We adopted a flexible method of analysis,
i.e., the Network Analysis (NA), particularly suited for exploring relations among different
domains and where the direct relations between a set of intercorrelated variables
is the main interest. Results indicated an independent and unique contribution of
syntactic comprehension skills as well as reading fluency and reading accuracy in the
comprehension of a written text. The decoding measures were not directly associated
with non-verbal reasoning and the latter was not directly associated with reading
comprehension but was strongly related to oral syntactic comprehension. Overall, the
pattern of findings is broadly consistent with the predictions of SVR and underscores
how, in an orthographically regular language, reading fluency and reading accuracy as
well as oral comprehension skills directly influence reading comprehension. Data are
discussed in a cross-linguistic perspective. Implications for education and rehabilitation
are also presented.

Keywords: transparent orthography, reading comprehension, reading accuracy, reading fluency, linguistic
comprehension

INTRODUCTION

Reading comprehension is a multifaceted cognitive task that is critical for achieving good results
in formal instruction, employment and the activities of daily living. In fact, a wide range of actions
rely on individual ability to extract meaning from written texts. In this regard, it is important to
frame individual performance within models of reading comprehension that are able to identify
individual differences and may help improve both learning curricula and clinical interventions.
One influential model, i.e., the Simple View of Reading (SVR), proposes that processes which
determine reading comprehension (R) are captured by two sets of skills: decoding (D) and linguistic
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comprehension (L) (Gough and Tunmer, 1986; Hoover and
Gough, 1990). Decoding is defined as the ability to read
isolated single words “quickly, accurately and silently” (Gough
and Tunmer, 1986; page 7). Linguistic comprehension (L) is
defined as the controllare originale:“process by which, given lexical
(i.e., word) information, sentence and discourses are interpreted”
(Gough and Tunmer, 1986, page 7). Thus, it refers to higher
cognitive processes that go beyond reading and concern the oral
language system.

The SVR also predicts that the influence of decoding and
linguistic comprehension on reading comprehension will change
as a function of schooling and reading proficiency. In the
first years of formal instruction, children’s decoding skills, not
linguistic comprehension, predict reading comprehension. New
readers are primarily involved in the effortful task of phonological
decoding and word recognition and only invest residual resources
in reading comprehension. With reading experience, as children
master decoding the relationship between decoding and reading
comprehension decreases, and children’s differences in linguistic
comprehension skills will become the most significant predictors
of reading comprehension (Gough and Tunmer, 1986; Hoover
and Gough, 1990).

The SVR model has been widely tested in readers of English, a
highly opaque orthography, but also in readers of intermediate
orthographies (such as French, i.e., Massonnié et al, 2019;
European Portuguese, i.e., Cadime et al., 2017; Santos et al., 2020;
see also Sparks and Patton, 2016 for Spanish L2 learners and
Buil-Legaz et al., 2016 for Spanish-Catalan bilingual children with
language deficits) as well as more transparent alphabetic scripts
such as Finnish (e.g., Torppa et al., 2016), Greek (e.g., Protopapas
et al,, 2012, 2013; Kendeou et al., 2013) and Italian (e.g., Roch
and Levorato, 2009; Tobia and Bonifacci, 2015). Evidence is also
available for readers of some non-alphabetic writing systems,
such as Chinese and Arabic (e.g., Joshi et al., 2012; Yeung et al,,
2016; Asadi et al., 2017).

It is generally thought that reading decoding and linguistic
comprehension explain a large part of the variance in reading
comprehension in both orthographic and non-orthographic
systems (for reviews see Florit and Cain, 2011; Garcia and
Cain, 2014). However, contrasting results have also been
reported and some questions still remain. First, different
patterns of associations among word decoding, linguistic
comprehension and reading comprehension can emerge in
different alphabetic orthographies and at different stages of
reading because word reading is generally acquired much
more easily in transparent orthographies (see for example
the meta-analysis by Florit and Cain, 2011). Cross-linguistic
studies have shown that orthographic consistency strongly
influences the rate and modality of reading acquisition
across different languages (for a review, see Ziegler and
Goswami, 2005). Studies report longer time needed in opaque
orthographies to master reading (e.g., Seymour et al.,, 2003)
and a greater reliance on lexical procedure/larger print-to-
sound units than in consistent orthographies (e.g., Ziegler
et al, 2001). In the latter case, the fast rate of reading
acquisition makes available greater cognitive resources for
higher comprehension processes. Thus, readers of transparent

orthographies may demonstrate a weaker relationship between
decoding and reading comprehension and a stronger one
between linguistic and reading comprehension in the
early stages of reading acquisition with respect to learners
of opaque orthographies (see for example Miiller and
Brady, 2001; but also see Zamperlin and Carretti, 2010;
Tobia and Bonifacci, 2015).

Moreover, the relations between decoding and reading
comprehension might depend on the way decoding is measured.
In fact, the definition of word recognition as the ability to
read single words “quickly, accurately and silently” (Gough and
Tunmer, 1986; page 7) is somewhat underspecified and has been
operationalized in several different ways. Most studies of English
readers have measured only the decoding accuracy of either
words or non-words. However, there is evidence that reading
accuracy and reading rate are correlated but separable constructs
(e.g., Bowers and Wolf, 1993; Carver, 1998). Bowers and Wolf
(1993) discussed several lines of convergent research that point
out precise time mechanisms which, if defective, can hamper
efficient connections between phonological and orthographic
codes and affect the quality of orthographic codes. Furthermore,
accurate decoding may be insufficient to guarantee reading
comprehension: if decoding is difficult and not automatized,
the attention and cognitive resources necessary to process
meaning will be insufficient, resulting in poor comprehension.
Automaticity is considered an essential component of fluency’
(see for example Fuchs et al., 2001).

However, data on English readers are inconclusive with regard
to whether decoding fluency adds to the prediction of reading
comprehension beyond decoding accuracy: some authors find
that it makes a significant contribution (e.g., Silverman et al,,
2013), while others do not (e.g., Adolf et al., 2006). Also, for
transparent orthographies the results are mixed. It is well-known
that fluency” intended as reading rate is a particularly sensitive
marker of word recognition in transparent orthographies (e.g.,
Zoccolotti et al., 1999). However, the relative contribution of
reading accuracy and fluency to reading comprehension has
been rarely analyzed in transparent languages (Florit and Cain,
2011). This issue is particularly relevant for the Italian language,
which is the topic of the present study. Italian is a very shallow
language that is characterized by high consistency of grapheme-
to-phoneme correspondence and a high degree of accuracy in
reading both words and non-words by the end of first grade (e.g.,
Cossu et al., 1995; Orsolini et al., 2006).

Results for Italian are contrasting. In a first study, Florit
et al. (2008) observed the strongest correlations between reading
comprehension and reading speed in third grade and between
reading comprehension and oral comprehension in fifth grade.
In a subsequent study, Roch and Levorato (2009) tested
the SVR in adolescents with Down’s Syndrome (mean age
15 years) and in a small control group of first graders matched
for reading comprehension to the participants with Down’s

!Reading fluency is often measured as a combination of rate and accuracy: the
number of correct words read aloud in 1 min (e.g., Shinn et al., 1992; Fuchs et al.,
2001).

%In these studies fluency is measured in terms of syllables per second (s/s); thus, it
captures the dimension of reading rate.
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Syndrome. Word reading fluency was the strongest predictor
of reading comprehension in the control group, whereas non-
word accuracy did not make a unique contribution to reading
comprehension over and above listening comprehension. Also
Zamperlin and Carretti (2010) and Tobia and Bonifacci (2015)
analyzed the development of relations between reading fluency
and oral and reading comprehension in children in different
grades (from 1st to 8th grade in Zamperlin and Carretti, 2010;
from Ist to 5th grade in Tobia and Bonifacci, 2015). In both
studies, oral comprehension was a stronger predictor of reading
comprehension than reading decoding measures at all grades.
In Tobia and Bonifacci (2015) study, reading accuracy played
a significant but minor role, and reading fluency was never
significant. In Zamperlin and Carretti (2010) study reading
fluency was no longer statistically significant in secondary
school. Finally, a recent investigation by Florit et al. (2020)
on Italian children reported partially inconsistent results. The
study was conducted on first-grade children assessed in two
different observational moments: at the beginning of the school
year (no formal instruction) and after 6 months of schooling.
Listening comprehension had a stronger relationship with
reading comprehension than both reading decoding parameters;
however, also reading fluency, not accuracy, significantly
influenced reading comprehension although with a lower
magnitude with respect to listening comprehension. In the
model, vocabulary measures also played an important role in
reading comprehension. In sum, studies of Italian students using
the SVR model components present mixed results and the relative
contribution of word recognition and linguistic comprehension
to reading comprehension remains unclear. Furthermore, some
studies reported a greater role of reading rate than accuracy while
others failed to detect any role for reading fluency.

The present study aimed to further investigate the relationship
between reading decoding (in terms of both fluency and
accuracy), reading comprehension and listening comprehension
in a sample of third- to fifth-grade Italian children, i.e., who
are at a developmental stage in which instrumental decoding
rules have been largely acquired. As we were interested
in having a large spread of performance in all of these
critical measures, we recruited a group of children who
attended school regularly and excluded only children with
very low non-verbal intelligence. To test the predictions of
the SVR model, we relied on the Network Analysis (NA).
This is a flexible method for exploring the relationships
among various domains, where the main interest is the direct
relationship between a set of variables that are intercorrelated
with one another.

A network is a model that consists of a set of nodes, which
represent entities, and a set of edges that connect the nodes,
which represent their relations (e.g., De Nooy, 2011). NA is
now used widely in the field of psychology due to its specific
characteristics: (a) it is strongly data-driven (i.e., the final model
is selected by adopting parameters derived from the data), (b)
but can still be used to support theoretical hypotheses, (c) it
allows analyzing complex sets of interrelated variables, (d) giving
back reliable, parsimonious and replicable results, (e) where the
researcher can look simultaneously at multiple variables that are

at the same time predicted and predictors (Epskamp et al., 2017).
The behavior can be explained as an emerging property of the
observed pattern of relations between the variables (Costantini
et al.,, 2015). With NA, the researcher does not need to have an
a priori model, as in the case of confirmatory factor analysis, thus
leaving any possible relationship free to emerge from the data.
Additionally, the use of undirected relations allows considering
circularity in the studied relations. In this investigation, we used
NA to inform about the following questions: (a) the role of
reading skills in the reading comprehension of Italian primary
school children in the higher grades; (b) the relations between
reading fluency, reading accuracy, linguistic comprehension,
and reading comprehension, ruling out the contribution of a
potentially relevant variable such as non-verbal intelligence. In
particular, we examined the role of syntactic comprehension
as well as accuracy and speed in reading a meaningful text in
explaining text comprehension in a sample of third- to fifth-
grade children. We chose an oral syntactic comprehension test
because of the generally low variability shown by other tests
(such as receptive vocabulary) at the age examined here. Reading
skills were explored with the reading aloud of a meaningful
passage, in order to have a more functional and ecologically
valid measure. The inclusion of non-verbal intelligence as a
node in the model allowed studying the unique quote of
variance shared by reading decoding, linguistic comprehension
and reading comprehension, partialling out the role of non-
verbal reasoning.

MATERIALS AND METHODS

Participants

A sample of 118 Italian children (50 females and 68 males),
ranging in age from 7.9 to 11.2 years (average age: 9.80 & 0.80),
were recruited from three primary schools in southern Italy. The
only exclusion criterion was performance on Raven’s Colored
Progressive Matrices (Raven, 1965) below the normative values
(at least—2 SDs) based on Italian norms (Pruneti, 1996). In
particular, 24 3rd grade children (average age: 8.55 % 0.04), 41
4th grade children (average age: 9.51 &£ 0.35) and 53 5th grade
children (average age: 10.58 % 0.30) participated in the study.
All children attended school regularly, and none were singled out
for socio-economic disadvantage by their teachers. The study was
performed in schools in southern Italy, in areas without major
migratory flows and devoted to primary and secondary economic
sectors. The parents were informed about the research activities
and authorized their child’s participation by furnishing written
informed consent. The study was conducted according to the
principles of the Helsinki Declaration and was approved by the
school authorities and by the Ethics Committee of Psychological
Research of the Department of History, Society and Human
Studies—University of Salento (Prot. 101206 -29th July 2020).

Materials

Non-verbal-Intelligence

Raven’s Colored Progressive Matrices is a non-verbal test of
intelligence and reasoning (Raven, 1965). The test provides

Frontiers in Psychology | www.frontiersin.org

August 2021 | Volume 12 | Article 686914


https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Angelelli et al.

The SVR in Italian Children

a simplified 36-item paper format. Each item contains a
pattern problem with one part removed and six pictured
inserts, one of which contains the correct pattern. Subjects
must select the pattern that completes the target figure.
No time limit was given for the task and the standard
administration procedure was used. Correct responses
were computed (maximum score = 36) and the score was
transformed into a z score according to Italian normative data
(Pruneti, 1996).

Text Reading Task

Participants’ reading level was assessed by administering a
standard reading achievement test widely used for Italian
children (MT reading test, Cornoldi and Colpo, 2011). The test
consists of a series of meaningful texts (short stories taken from
children’s books) that vary in length and complexity depending
on the school grade (from grades 1 to 8) with related grade norms.
The length of the text passages used in the present study varied
from 168 words in grade 3 to 215 words in grade 5. Each story was
printed in black on a white piece of cardboard. None of the texts
used for this task were used for the text reading comprehension
task (see below). Children read a single text depending on their
grade; they were asked to read the text aloud as correctly and
fluently as possible within a 4-minute time limit There was no
reference to reading comprehension in the instructions. Two
parameters were computed: (1) reading fluency obtained by
the number of syllables read/seconds; (2) accuracy calculated
as the number of errors, adjusted for the length of the text
read. Following the manual, accuracy scoring takes into account
the functional meaning of errors. Each word with an elision,
substitution, insertion or inversion of letters is scored as 1 error,
while changes in stress assignment, hesitations, spontaneous self-
corrections, errors that do not change the meaning of the text
and repetitions of the same errors are given a 1/2 score. Raw
individual data were transformed into z scores, according to
norms of their reference-grade groups (Cornoldi and Colpo,
2011). Each performance was recorded in order to check errors,
also with an offline correction. Test-retest indexes for reading
speed, as reported by the manual, ranged between 0.85 and 0.96.

Text Comprehension Task

The task materials consisted of a series of narrative texts
(Cornoldi and Colpo, 2011). For 3rd to 5th grade, texts ranged
in length from 226 to 306 words and their length increased
with school grade (a different text was used for each grade).
The children were asked to read the text in silence at their
own pace; then, they had to respond to 10 multiple choice
questions, choosing one out of four possible alternatives. The
comprehension questions concern information that is either
explicitly stated or implied by the text. There is no time limit and
the children are allowed to return to the text while responding
to the questions in order to minimize memory load. The final
score is calculated as the total number of correct responses. Raw
individual data were transformed into z scores, according to the
norms of their reference groups (Cornoldi and Colpo, 2011).
Alpha coefficients, as reported by the manual, ranges between
0.61 and 0.83 depending on grade.

Syntactic Comprehension Task

Syntactic comprehension was assessed by administering the
Syntactic Comprehension Task (SC-T), which is a test adapted
from the TROG by Bishop (1989) and which is part of
the Child Neuropsychological Battery (Bisiacchi et al., 2005),
a comprehensive battery of tests designed to assess various
neuropsychological skills in children aged 5 through 11. The SC-
T consists of 18 items: the child listens to a sentence and is asked
to identify which, among four pictures (to choose which picture
out of four alternatives is the one that represents the meaning of
the sentence. The wrong alternative options include distractors
related to the correct response. The distractors can be lexical
(items 1-8) or syntactic alternatives (items 9-18). No time limit
is given. One point is given for each correct response (maximum
score = 18). The total accuracy score obtained by each child
was transformed into a z score, in line with the normative data
(Bisiacchi et al., 2005).

Procedure

The tests were administered in two sessions. The intelligence,
text reading and syntactic comprehension tasks were given
individually in a quiet room in the children’s school. The

sequence of tests was randomized across participants.
The individual session was ca. 35-45 min long. The
MT comprehension test was group-administered and

took about 10 min.

Statistical Analysis

Networks are a convenient option for modeling complex patterns
of relationships. They allow analyzing several variables and
the complexity of their relationships and give back readable
outputs and indices. Networks are transdisciplinary and in
psychology have been somewhat classical to model personality,
psychopathology and attitudes (Cramer et al., 2012; Schmittmann
et al., 2013; Costantini et al., 2015, 2017; Dalege et al., 2016;
Borsboom, 2017). More recently, networks have been used to
characterize neuropsychological performances in adults (Tosi
et al., 2020; Ferguson and Alzheimer’s Disease Neuroimaging
Initiative, 2021) and to understand the relationship among math,
reading and spelling skills in children (Zoccolotti et al., 2021).

A network is composed of a set of elements named nodes
(i.e., the variables) and their connections named edges (i.e., the
relationship). In networks assessing psychological phenomena,
the edges are typically estimated with the Gaussian Graphical
Model (GGM; Epskamp et al., 2017). Within GGM, an edge
expresses a regularized partial correlation.

In this study, a GGM network was estimated using the
graphical “least absolute shrinkage and selection operator”
(LASSO; Tibshirani, 1996) algorithm as a regularization
parameter (Friedman et al., 2008). The value of the LASSO is
chosen by using the Extended Bayesian Information Criterion,
a method for carrying out quantitative model selection, which
is tuned by a parameter y and which we set at.25, as suggested
in the literature (Epskamp, 2016). The adoption of the LASSO
leads small connections to shrink to zero (McNeish, 2015;
Epskamp and Fried, 2018). The scope of the LASSO is to return
a conservative network model that reduces overfitting and limits
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false-positive edges, producing replicable and interpretable
results (Costantini et al., 2015).

Thus, how should an edge be interpreted? Two nodes are
conditionally dependent when an edge connects them. The
connection can be read as a partial correlation, i.e., the association
between the two variables, net of the variance explained by the
other variables in the network. This means that the association
cannot be explained by the fact that another association is part
of the network and the relation between the two variables is
direct. When two nodes are disconnected, it means that they
are conditionally independent, given with respect to the other
nodes of the network, i.e., there is no variance shared uniquely
by the two variables.

GGM may have a low sensitivity (i.e., not all real edges are
detected) but it has a high specificity (i.e., few false positives)
because of the regularization parameter (Epskamp et al., 2018).
It is important to note that the potentially missing edges are
those that are smaller and less consistent. On the contrary,
this method basically does not produce false positives; thus,
if an edge is estimated, it has to be considered to be true
(Epskamp et al., 2018).

GGMs can also be read as a predictive model. The neighbors
of each node correspond to its predictors. A node with high
strength centrality is also a node that is highly predictable given
the others, quantifying the predictability of a node according to
the number of its neighbors and the strength of its connections
(Barrat et al., 2004).

Notably, the GGM relations are undirected. The
consequence of adopting undirected relations is that circular
homeostatic effects can be detected and interpreted (e.g.,
A influences B which influences C which influences A),
while using directed methods, like structural equation
modeling, circularity cannot be observed. Networks
are not better per se, but they may provide a different
perspective that can obtain converging evidence from different
methodological approaches in independent studies. However,
they offer the important feature of looking simultaneously
at multiple variables that are predicted and predictors
at the same time.

The stability of the results was checked using a bootstrapping
procedure (1.000 resampling); the bootstrapping leads in
calculating the confidence intervals (CI) of each edge. By
inspecting Cls, one can identify different types of edges. The
edges that do not include 0 are stronger and more likely to
be replicated. For these edges, one can expect to find an edge
different from 0 in 95% of the samplings; thus, it is likely to
be replicated in future studies. The edges estimated as different

from 0, but including 0 in the CI, highlight the associations that
could pass undetected in different samples (e.g., in a replication).
Notably, GGM adopting the eBIC Lasso estimator is known to be
particularly reliable in not producing false-positive results; thus,
one can interpret these edges as very likely to be true (i.e., as
the first type presented). At the same time, one should also have
careful consideration in expecting future replications. Finally,
edges that have CI crossing the 0 are particularly unreliable
because future replications are expected to also find results in
the opposite direction. This class of edges should therefore be
considered as 0.

JASP software (JASP Team, 2020) was used to run the
analyses. JASP (Version 0.14)(Computer software) is a software
that grounds the network module on the bootnet and qgraph
(Epskamp et al., 2012) packages of the R statistical software (R
Core Team, 2020).

RESULTS

Means, standard deviations and ranges for the variables of
interest are reported in Table 1. Mean z-transformed data for
measures of reading comprehension, reading speed/accuracy,
and syntactic comprehension were close to zero, indicating
marginal deviations from the same age standardization samples.
Notably, a large spread of performance was present for all
variables, indicating no clear evidence of a restriction of range
or a ceiling effect. Also mean performance for the measure of
non-verbal intelligence was close to zero; note that due to the
exclusion criteria none of the children performed below 2 SDs
on Raven’s test.

Inspection of individual data showed that 95% of
participants had average or good levels of performance in
reading comprehension (only six children underperformed),
97% in reading fluency, 94% in reading accuracy and 99%
in syntactic comprehension. Overall, only nine children
(7.6%) showed a marked reading delay (two children for
both reading parameters, two only for reading fluency,
and five children only for accuracy), and only one child
underperformed in the syntactic comprehension task. They
were not removed from the analyses because none had
cognitive impairments.

Figure 1 shows the best network estimation representing the
relationships among the variables examined. The exact values of
all edges, as well as the simple correlations among all variables,
are reported in Table 2. The strength centrality index is reported
on the diagonal of Table 2. Figure 2 reports the Bootstrap results.

TABLE 1 | Means, standard deviations and range values for Comprehension, Reading fluency, Reading accuracy, Syntactic comprehension, and Non-verbal intelligence.

Variable Comprehension Reading speed Reading accuracy Syntactic comprehension Non-verbal intelligence
Mean —0.24 —0.368 —-0.378 0.229 —0.242
Standard deviation 0.758 0.809 1.091 0.845 0.8

Minimum —2.72 —2.863 —4.702 —2.44 —-1.91

Maximum 0.61 1.48 0.9 1.54 1.35

Values indicate z scores with respect to standard norms.
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FIGURE 1 | The edges represent regularized partial correlations. Green lines
show positive associations. Red lines would have indicated negative ones
(none observed). The nodes indicate the variables as it follows: (1) Text
Comprehension, (2) Reading fluency, (3) Reading accuracy, (4) Syntactic
comprehension, and (5) Non-verbal intelligence.

Inspection of the network (Figure 1) suggests a number of
main observations:

(1) the comprehension ability on a written text is directly
associated with oral syntactic comprehension and text
decoding skills;

both reading fluency and reading accuracy are associated
with reading comprehension; as network weights are
partial correlations, this indicates that both accuracy and
fluency have a unique quota of variance shared with
reading comprehension;

non-verbal intelligence, as measured with the Raven test,
is strongly related to oral syntactic comprehension but not
directly with reading comprehension;

reading fluency and reading accuracy are not directly
associated with non-verbal intelligence. Inspection of the

)

3)

(4)

95% CI of the edges (obtained with the non-parametric
bootstrap analysis; see Figure 2) confirms the reliability
of the estimated network. Three observations support this
claim:

the edge bootstrap mean overlaps with the estimated edge
for all the estimated edges different from 0;

only two estimated edges different from 0 include the 0 in
the CI; they are the weakest and 0 stands in the cue of the
CI; and

the CI of the estimated edges different from 0 never cross
the 0 even when they include it.

(a)
(b)

(c)

DISCUSSION

This study explored the unique contribution of reading accuracy,
reading fluency and linguistic comprehension to the reading
comprehension of Italian 3rd-to 5th graders using a network
analysis, which is particularly suited to estimating the relations
among different but interrelated variables, at the net of each
other. Thus, this approach changes the perspective by producing
an interpretable output of the simultaneous estimation of each
specific association and, could lead to a more comprehensive view
of the phenomenon.

Results clearly confirmed the independent and unique
contribution of linguistic comprehension over reading
comprehension but also pointed out the relevant contribution
of both reading fluency and reading accuracy. This pattern
of findings is broadly consistent with the predictions of SVR
(Gough and Tunmer, 1986; Hoover and Gough, 1990). The
decoding measures were not directly associated with non-
verbal reasoning, nor was the latter directly associated with
reading comprehension; however, it was strongly related to
oral syntactic comprehension. In sum, in Italian children, at
a stage in which they have already acquired the rudiments of
literacy, reading fluency, in terms of reading rate, is a strong
and independent predictor of reading comprehension together
with reading accuracy and oral comprehension. Notably the
identification of this pattern highlights the specific contribution
of the network analysis. Simple correlations (see the upper
part of Table 2) suggest a less clear pattern where all the
variables correlate to some extent with each other, including
spurious correlations. The network approach simplifies the
picture and removes the non-unique associations, thus unveiling
the direct paths.

TABLE 2 | The lower part of the matrix reports the network weights, which correspond to regularized partial correlations (in dark gray). The upper part of the matrix
reports simple correlations measured with Pearson’s r (in a light gray background). The diagonal reports the strength centrality index, which is the sum of all the weights
that a node receives (in white). Strength also measures the predictability of a node given all the others.

Reading accuracy

Syntactic comprehension Non-verbal intelligence

Variable Text comprehension Reading fluency
Text comprehension 0.42 0.29
Reading fluency 0.44

Reading accuracy
Syntactic comprehension

Non-verbal intelligence

0.28 0.29 0.14
0.36 0.16 0.02
0.61 0.30 0.17

0.70 0.47
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FIGURE 2 | Red dots indicate the edge value of the estimated network. Black dots indicate the average edge value over 1,000 bootstrap resampling. The gray
shadow represents the 95% confidence intervals estimated with the bootstrap resampling. Edges are ordered by the estimated strength.
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Our data are only partially consistent with those reported
in previous studies of Italian children. First, they confirm that
oral comprehension is directly associated with the ability to
extract meaning from written texts (see Zamperlin and Carretti,
2010 and Tobia and Bonifacci, 2015, for similar results). Word
decoding constitutes the necessary point of entry for reading
comprehension. However many of the cognitive operations
involved in reading comprehension are shared with the oral
language system, thus a set of linguistic and cognitive processes
is also essential (see Castles et al., 2018). Reading comprehension,
in fact, implies the creation of a mental representation of the
passage by combining information from the text to background
information, such as sense of the words and their syntactic role
in sentences, discernment of grammar rules and also knowledge
of things and their relationship. Consistently, in our sample
individual ability to understand oral sentences was associated
with the ability to derive meaning from written texts.

With regard to reading decoding, our results fit with those
reported by Florit and collaborators that reading speed/fluency
measures significantly contributed to reading comprehension at
least in first graders (Florit et al., 2020) and third graders (Florit
et al., 2008); they are at variance with those of other studies
which failed to detect any predictive role of reading fluency
(Tobia and Bonifacci, 2015).

Various methodological differences may have contributed
to this pattern of results. First, the studies included different

measures of word recognition, reading comprehension and
listening comprehension. As to the different reading measures,
Tobia and Bonifacci (2015) and Florit et al. (2020) created
two separate latent variables, i.e., one for reading accuracy and
the other for reading fluency, based on different accuracy and
fluency measures (non-word and word accuracy vs fluency in
Florit et al’s study; text reading accuracy vs fluency in Tobia
and Bonifacci’s study) while Roch and Levorato (2009) included
only measures of reading accuracy for non-words and reading
speed for words. In the present study, we considered reading
speed and accuracy in reading a meaningful text (rather than
pseudoword decoding), a more functional and ecologically valid
task. It seems reasonable that taking into account different
reading accuracy and fluency/speed measures should affect the
relative load applied by the main constituents of the model. Also,
the use of meaningful texts in the present study might have
fostered the involvement of semantic components (with children
trying to understand the meaning of the passage while reading)
and, in turn, yielded a stronger association of reading accuracy
with syntactic comprehension as well with text comprehension
(with respect to studies that used pseudoword reading as a
measure of decoding).

Moreover, there is also evidence that the type of
comprehension test and the way in which comprehension
is assessed inpacts the evaluation of the SVR: some measures of
reading comprehension are more reliant on decoding skills than
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others (e.g., Cutting and Scarborough, 2006) or touch different
aspects of language comprehension (Cain and Oakhill, 2006).
For example, short passages, read aloud with cloze/multiple
choice questions are more dependent on decoding skills than
longer passages, read silently, and with open questions (see for
example Keenan et al., 2008). Therefore, open questions rely
more on semantic elaboration and the ability to organize the
individual response on the basis of most relevant and secondary
elements of the text, cloze/multiple choice questions rely more
on memory/recognition processes. In the comprehension task
used by Tobia and Bonifacci (2015), children were required
to read aloud two passages (reading fluency and accuracy
were recorded while reading the comprehension text). Texts
were of medium length, without figures, and comprehension
was tested with open questions that required both text-based
comprehension processes (local comprehension) or inferential
reasoning (global comprehension). The reading comprehension
task paralleled the listening comprehension task; both required
text-based and inferential processes. Also, in Zamperlin and
Carretti (2010) study, the linguistic comprehension task was
a composite measure that included the same passage used to
assess reading comprehension but presented in a listening mode.
As posited by the authors themselves, the collinearity between
measures of reading and linguistic comprehension may have
biased the results. In our study, reading decoding parameters
and reading comprehension were evaluated with different text
passages. The reading comprehension passages were of medium
length and comprehension was assessed with multiple-choice
questions, which mainly referred to given information. Finally,
linguistic comprehension was assessed with an independent task,
with respect to reading comprehension, and shared only the
multiple-choice response modality with the latter. In synthesis,
there were no risks of collinearity between measures and the
reading comprehension task adopted relied more on decoding
skills than semantic and discourse skills.

Finally, the difference in the results may also be due to the
different statistical analyses used in the various studies. In the
present research, we use the NA, which is particularly suited for
isolating the specific role of each predictor in the SVR model. In
fact, simple correlations may depend on a number of potential
sources of co-variation, including similarity in the text materials
and format. By contrast, the edges in NA indicate relationships
that cannot be accounted for by any of the other measures
considered. In this way, they return the specific weight of every
single variable in the model. Furthermore, NA evaluates the
reliability of the observed relationships, thus allowing an estimate
of the replicability of results. Based on these considerations, we
propose that the present results provide strong evidence that both
accuracy and reading rate contribute to the prediction of reading
comprehension in Italian children.

Our data support the SVR model also in learners of
transparent orthography, specifying that the word recognition
component has to contemplate a measure of reading fluency,
intended as rate of reading, together with reading accuracy.
Findings are consistent with results obtained both in transparent
(e.i., Tilstra et al., 2009; Protopapas et al., 2012), intermediate
orthographies (such as French, i.e, Massonnié¢ et al, 2019

European Portuguese, i.e,, Cadime et al, 2017; Santos et al,
2020) and opaque orthographies (e.g., Joshi and Aaron, 2000;
Kershaw and Schatschneider, 2012; Silverman et al., 2013) that
support the necessity to add a fluency component to the SVR.
After all, fluent reading is the result of a number of processes,
that interact each other, and that need be curried out efficiently
and automatically (Breznitz, 2006). In other words, fluency
captures the development of rapid rates of processing in the
various components of reading from letter recognition and
orthographic-to-phonological mapping, to word recognition and
even semantic encoding (e.g., Wolf and Katzir-Cohen, 2001).
Rate is one dimension of automaticity. A process is automatic if
it is rapid, undemanding and does not require conscious control
or voluntary attention (LaBerge and Samuels, 1974; Logan, 1988,
1997). When applied to reading, these elements indicate parallel,
instead of serial, processing of words, they are non-intentional
(i.e., the process occurs regardless of the willingness of the
reader) and finally they are so quick and smooth that underlying
processes are beyond conscious analysis.

The present findings in a transparent orthography seem
relevant in a cross-linguistic perspective. On one hand, children
learning a transparent orthography such as Italian rely more on
small grain sizes in reading with respect to children learning
more opaque orthographies that use a larger grain size (e.g.,
Marinelli et al., 2014, 2016). This makes reading in transparent
orthographies a more serial process, well grasped by the reading
rate dimension. On the other hand, the higher accuracy reached
by Italian children after only a few years of schooling, as well
as the smaller inter-individual variability, could have made
the accuracy measure less sensitive to capturing word reading
proficiency and in turn less related to reading comprehension
with respect to more opaque orthographies. Note that, also in
opaque orthographies, to explain some inconsistency among
studies, it was proposed that once children become more
accurate in their word reading fluency could be a more sensitive
indicator of word reading ability and variability in fluency
effectively accounts for reading comprehension (Language and
Reading Research Consortium, 2015). Nevertheless, we found an
independent, strong and unique contribution of both reading
fluency and accuracy in explaining reading comprehension.
Thus, the hypothesis (e.g., Miiller and Brady, 2001) of a weaker
relationship between decoding and reading comprehension,
and conversely a stronger one between linguistic and reading
comprehension among learners of consistent respect to opaque
orthographies was not confirmed.

The present study has a number of limitations. We examined
children in the final years of primary school, i.e., when the basic
assets of reading are acquired and lexical reading is detectable
also in a language with a highly transparent orthography such
as Italian (Burani et al., 2002). While there is some indication
that children are relatively homogeneous in the 8-10 year age
range, it would have been interesting to detail the developmental
trend over the three classes examined. However, this proved
difficult for methodological reasons. First, the sample size for
this study would have been reasonable for network analysis if the
three classes had been collapsed together. If we had split it into
three sub-groups, each one would have been too small to allow
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for reliable estimates. Second, if we had added age as a node it
would have been technically feasible but incorrect as ages are not
independent of grade level. Thus, including a continuous variable
in the model would actually have hidden an ordinal variable
(with three levels), and the GGM is poor in estimating ordinal
variables with only a few levels. Finally, we analyzed z-scores in
order to correct for differences in age and materials used. Thus,
adding an age node or splitting graphs in three would provided
a sort of double-dipping in the age variable, which is somehow
under control when proper materials and standardizations are
used. Thus, even though the general confounds related to age
were under control, we have to conclude that it was impossible
to detail the developmental trend within the age span considered,
which is a limitation of the study. Further work is needed to
clarify this point.

Another limitation concerns the possibility of generalizing
the present results. We aimed to examine a sample without
imposing limits of performance in the critical variables
and only used low non-verbal intelligence as an exclusion
criterion. Further, we obtained our sample from middle-
class areas without critical migratory flows. Results confirmed
the presence of great variability across children in all
critical variables, including reading accuracy, which is a
measure at risk for ceiling effects in a highly transparent
orthography such as Italian. However, although we attempted
to limit as much as possible potential selection bias (e.g.,
only children with very low non-verbal intelligence were
excluded), our sample does not include a stratification of
demographic variables. Thus, it would be incorrect to consider
our sample as perfectly representative of the entire Italian
primary school population, and generalizing results should be
undertaken with caution.

Finally, our results have educational and rehabilitative
implications. Thus, even when decoding deficits manifest
as inadequate reading fluency they are expected to have an
indirect but important influence on reading comprehension.
Decoding and comprehension are likely to proceed well when
both processes operate “automatically,” which also means at
a reasonable rate. In this vein, it was found that reading rate
contributes to the understanding of reading passages because it
has a mediating role between reading strategy awareness/use
and reading comprehension (Rahimiand Babaei, 2021).
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The Role of Emoticons in the
Comprehension of Emotional and
Non-emotional Messages in Dyslexic
Youth - A Preliminary Study
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Faculty of Management and Social Communication, Institute of Applied Psychology, Jagiellonian University, Krakdéw, Poland

The study explored how well-dyslexic youth deals with written messages in an environment
simulating popular social network communication system. The messaging systems,
present more and more in pandemic and post-pandemic online world, are rich in nonverbal
aspects of communicating, namely, the emoticons. The pertinent question was whether
the presence of emoticons in written messages of emotional and non-emotional content
changes the comprehension of the messages. Thirty-two pupils aged 11-15 took part in
the study, 16 had a school-approved diagnosis of dyslexia and were included in the
experimental group. Sixteen controls had no diagnosed disabilities. Both groups viewed
short messages of four types (each including seven communicates): verbal-informative
(without emoticons and emotional verbal content), verbal-emotive (without emoticons,
with emotional verbal content), emoticon-informative (including emoticon-like small
pictures, but without emotional content either verbal or nonverbal), and emoticon-emotive
(with standard emoticons and including verbal-emotional content). The participants had
to answer short questions after quick presentation of each message that tested their
comprehension of the content. RTs and accuracy of the answers were analyzed. Students
without dyslexia had shorter response times to the questions regarding all types of
messages than the dyslexic participants. The answers of the experimental group to the
questions about the emoticon-informative messages were less correct. The study pointed
tentatively to the beneficial role of emoticons (especially the nonstandard, i.e., of
non-emotional kind) in reading short messages with understanding.

Keywords: reading, verbal communication, nonverbal communication, computer-mediated communication,
emojis

INTRODUCTION

Of all the learning disabilities developmental dyslexia is the most common, with prevalence
rate up to 17% of the population (Shaywitz, 1998) and many of the school children undiagnosed
(Barbiero et al., 2012). It is also a source of potentially long-term behavioral, emotional, and
psychosocial problems, especially in adolescents (Singer, 2005; Ingesson, 2007; Eissa, 2010).
Dyslexia is characterized by poor accuracy and/or fluency in reading, which, alongside poor
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spelling and decoding abilities, directly impact reading
comprehension. According to one of the most influential theories
on the causes of dyslexia at its roots is deficits in phonemic
access, manipulations, and retrieval (Démonet et al, 2004;
Eissa, 2010; Moura et al., 2017; Peters et al., 2020). Effectively,
children have difficulties in perception or awareness that words
are made up of small, distinctive units that have the potential
to differentiate word form and its meaning. These units are
long-term representations of higher order than their singular
modality-based (auditory, visual, and sensory) counterparts
(Démonet et al,, 2004). Since phonological (phoneme-based)
processes closely relate to the act of hearing and speaking,
the deficits can be especially pronounced in reading, which
entails awareness that a written word’s units, i.e., letters represent
the speech sounds and that they both relate to phonemes. In
fact, the phonological awareness is the best single predictor
of successful reading (Brady and Shankweiler, 2013). Those
phonological working memory deficits have been shown to
adversely affect executive functions, such as inhibitory control
and selective attention in school children (Barbosa et al., 2019).
Indeed, there is some data that developmental dyslexia could
be related to more general problems in higher-order cognitive
mechanisms like executive attention and multimodal working
memory (Varvara et al., 2014).

Dyslexia creates obvious problems in school, but also in
personal and social spheres, where adolescents may feel the
most vulnerable. Since many social contacts at the current
time consist of writing and reading short communications,
and this is especially true for the adolescents taking advantage
of social media (Valkenburg and Peter, 2011; Oprea and Stan,
2012), it is worthwhile to investigate how young dyslexic people
perform while reading short messages of various kinds and
how the factors present in online messaging systems affect
the performance. The main goal of the present study then is
to evaluate reading comprehension of dyslexic youth faced
with messages similar to the ones used in popular social
networking communication systems in relation to the content
of the communicates. It is novel in its approach of exploring
reading comprehension in dyslexic youth on the basis of short
online messaging. From theoretical standpoint, it could also
point out the significant aspects of digital written text perception
in general, with a special focus on its nonverbal elements,
which are closest and most “natural” counterparts of nonverbal
speech units (i.e., facial expressions, emblems, and gestures).

Indeed, one of the most distinctive characteristics of the online
messaging systems [or computer-mediated communication (CMC)]
is the presence of nonverbal “aids” or cues to the word-based
communicates, i.e., the emoticons. Emotional icons (emoticons)
are graphic signs that often supplement verbal messages in CMC
(Dresner and Herring, 2010) and they perform nonverbal functions
in such communication (Lo, 2008). Essentially, they are paralinguistic
cues of expressing emotional meaning (Aldunate and Gonzalez-
Ibafez, 2017), originally developed and used in CMC for the
lack of natural means of expressiveness (ie., face expressions).
They are used to express not only emotions and humor, but also
to strengthen the verbal contents of the message while impacting
its interpretation (Derks et al., 2008a,b). The latter function seems

of importance, because it is a less obvious one and could serve
to accentuate or better convey strictly informative (non-emotional)
contents of the message (e.g., by presenting graphically the most
important, content-wise, element of the message). Such emoticons
are called “nonstandard” in the present study. Furthermore,
emoticons have been described as conveying specific aspects of
the speech acts, like user’s intentions (Dresner and Herring, 2010;
dos Reis et al, 2018). In broader terms then, emoticons can
serve as mediums of illocutionary force. Illocutionary acts are
utterances, by which we state, question, command, or promise
(Searle, 1969). Because emoticons function in such a wide array
of ways, they can have great importance in the proper comprehension
of written messages in CMC. In fact, the main rationale behind
the present study is their apparent role in enhancing the
comprehension of the messages in terms of accuracy of emotions,
intentions and attitudes perception (Lo, 2008), clarification of
sarcastic or literal meaning (Filik et al., 2016), and user-reported
reduction of discourse ambiguity (Kaye et al., 2016). Moreover
most young people born after 1980 (from the so-called Millennials
generation) are well versed in emoticon use and depend heavily
on them in their daily exchanges of written messages (Krohn, 2004).

Fundamentally, emoticons serve as prompts for or
reinforcements of both emotional and strictly informative
contents of the written communication. Their purpose is to
make one’s message as understandable as possible, especially
in relation to those elements that are of particular significance
to the sender (emotional or non-emotional). Since emoticons
are nonverbal in nature, they can be of potentially substantial
help in written message comprehension for people with poor
reading ability. In the case of dyslexia, these graphic signs
could provide non-phonemic strengthening elements enabling
readers to achieve better comprehension of the message. There
is some data regarding the fact that dyslexic people consciously
encode word-like stimuli (pseudowords) differently than controls
(attenuated late brain responses), whereas there is no such
difference while encoding simple graphic symbols (Schulte-
Korne et al., 2004). It is worthwhile then to examine the role
and potential benefits of emoticons in reading comprehension
in dyslexic youths, who are well acquainted with them and
who depend on CMC in their daily lives, especially in the
present day’s pandemic and post-pandemic situation, which
forces more social isolation and online-only contacts. In the
present exploratory and preliminary study, we are interested
if and how standard (emotional) and nonstandard types of
emoticons help young students with dyslexia in the understanding
of both emotional and non-emotional verbal online messages.
We expect overall worse performance (reading times and
accuracy) in dyslexic participants as compared with the controls,
with some beneficial effects of emoticons on the messages
comprehension observed especially in the experimental group.

MATERIALS AND METHODS

Advanced Preparation
In order to gather more information on the students of the
age group and their communication preferences, we used two
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complementary data sources. One was special national research
on young people (National Research Institute of Poland NASK
report; Bochenek and Lange, 2019) and the other were the
current study’s conversations and interviews with school children.
The short interviews preceded the day of the experiment and
they were conducted at the same school as the experimental
sessions. This was facilitated by school’s counselors, who had
access to the dyslexia diagnosis of the pupils. The researchers
recruited 34 students who participated in the interview stage
in preparation for the study (dyslexic N = 17). Of these, 32
took part in the subsequent study. We also contacted 15
age-matched students attending many different schools, who
did not take part in the study, via e-mails and smart phone
messages prior to the interviews. During the conversations,
questions regarding preferred social media platforms as well
as the main purpose and characteristics of their usage (see
below for details) were asked. This was done in order to confirm
the more robust data from the NASK report.

The interviews conducted in preparation for the study
supported the data from the NASK report in terms of the
importance of communication via social media for adolescents.
According to the report, only 0.2% of primary school respondents
declared having no profile on social media sites and 77.8%
of respondents stated that they use Facebook as their favorite
social media platform. Based on the data, it was decided that
an adaptation of Facebook Messenger would be used as a
basis for materials to be presented in the study (ecological
validity purposes). The conversations with the age group
confirmed that adolescents are very familiar with the Messenger.
The respondents highlighted the fact that they used the application
primarily for social purposes. Regardless of the frequency of
active usage of the Messenger to send messages, most of the
young people were subjected to its passive influence, i.e., getting
messages from other people. The pupils were asked specific
questions regarding topics of conversations and also emoticons
most commonly used in the Messenger. It was concluded that
adolescents communicate by the means of the Messenger
application to talk about daily life, school, current events,
nearby future, and to arrange meetings and dates. Although
the use of emoticons was dependent on personal preferences,
the most often used ones were those related to emotional
states, enrichment of expression, or replacement of words.

Participants

Thirty-two Polish primary school pupils aged 11 to 15
(mean = 13.28, SD = 1.05) took part in the study (females
N = 15). Sixteen participants (mean age = 12.81, SD = 1.22,
females n = 8) were qualified to the experimental group on the
basis of dyslexia diagnosis, and 16 participants (mean age = 13.75,
SD = 0.57, females n = 9) made part of the control group.
Dyslexia diagnosis was based on the headmaster’s and school
counselors’ declaration stating that particular children had
certificates from a psychological and pedagogical counseling center.
Children diagnosed with other specific developmental disorders
of scholastic skills were not included in the experimental group.
Students in the control group had no diagnosed impairments.

The research was conducted in accordance with the ethical
demands, provided and approved by the Commission on the
Ethics of Scientific Research at the Jagiellonian University
Institute of Applied Psychology. Before the experiment, signed
consent forms were also obtained from parents or legal guardians
of the participants.

Materials
We devised the messages on the basis of the data sources
(NASK report and the preceding interviews) and implemented
them in a picture frame that simulated the Messenger’s graphical
user interface.

The messages were divided into four groups. Every group
consisted of seven separate messages (each containing on average
four sentences, minimum three, maximum six, made up of content
words resembling the youth lexicon as closely as possible, with
no difficult or infrequent words present). The first group was
called verbal-informative (V-I) and its messages lacked emotional
content and any emoticons (sentences and questions on neutral
topics regarding school, house chores, and extra-curricular activities);
the second group, verbal-emotive (V-E), lacked emoticons but
possessed emotional verbal content (sentences and questions on
significant, stressful, or exciting topics); the third was called
emoticon-informative (E-I) and it included nonstandard emoticons
(signs illustrating objects, events, and persons) and the verbal
content of its messages was non-emotional; and lastly, the fourth
group, emoticon-emotive (E-E), included standard emoticons
(expressing various emotional states) and emotional verbal content.
Each message within the two emoticon groups contained four
emoticons. Figure 1 illustrates samples of two messages used in
the experiment.

In order to test the comprehension of the written messages
from each group, 28 sets of questions were prepared. It was
decided to posit two types of test questions, both strictly relating
to the content of each message: two single-choice questions (with
four possible answers) and two yes or no questions (four questions
for every message in total). The two types of questions were
presented for every message shown. Such design let us examines
the understanding of the conveyed content, and not the short-
term memorization of a specific word used in a message. The
questions referred to crucial content that could be important to
the recipient in the case of receiving similar types of messages
in real life. Here, we present two examples of the questions:

Were there any beverages on the shopping list? Yes/no.

The sender of the message needs the guitar because: (1) he will
play a gig, (2) he has a guitar class scheduled, (3) he will participate
in a family get-together, and (4) he just wants to play it.

Additionally, Edinburgh Handedness Inventory (Oldfield, 1971)
was administered.

Procedure

The procedure was programmed in the PsychoPy2 software
(Peirce et al., 2019). The experiment was conducted in classrooms
which were made available by headmasters and school counselors.
Firstly, the participants were asked to fill out the consent form
and then Edinburgh Handedness Inventory. Next, the procedure
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Nie masz moze mojego
zeszytu od polskiego? Moze
moze wpadt miedzy twoje,
JaK siedzieliémy dzig
razem. :: Denerwuje sie®,
bo jutro jest kartkéwka i
nie mam z czego sig
nauczydal. A jesli go nie
masz to mozesz mi wystaé
zd jecia twoich notatek? -

(L]
(X ]
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(O ™

i&

FIGURE 1 | Two sample messages with emoticons used in the experiment. (A) Emoticon-emotive (E-E) message, translated from Polish: Do you have my Polish
class notebook? Maybe it ended up in your things, while we were sitting together. (emoticon) / am nervous (emoticon), because we have a test tomorrow and

| cannot prepare without it (emoticon). If you do not have it, would you send me pictures of your notes? (emoticon). (B) Emoticon-informative (E-I) message,
translated from Polish: Hey! Mrs. Jones (emoticon) asked to tell others that tomorrow in biology class (emoticon) we will work with microscopes (emoticon). We need
to read a chapter from the manual (emoticon) on the use of the microscopes and the preparation of the samples. Message icons and layout © Facebook.

Hej! Pani Kasiaf5 prosita,
zeby przekazaé, ze jutro
na biologii“’ bedq zajecia
z mikroskopem = . Musimy
przeczytaé rozdziat
podrecznikalll o obstudze
mikroskopéw i tworzeniu
preparatéw.

(O ™ ® &

Y

was run on a notebook, starting with instructions that detailed
the task ahead and introduced the training session, in which
two sample messages (not present in the actual experimental
run) with the standardized sets of questions were presented.
After the training session, the participants had the opportunity
to ask questions if anything was unclear to them. Then, the
main experimental session began. Each participant was faced
with all the messages in random order from four groups
described in the materials section. Each message was presented
for 20 s on the computer screen and immediately after each
presentation a set of four questions (two multiple-choice questions
and two yes or no questions) was presented randomly one at
a time. There was no time limit for giving answers. Reaction
time and correctness of the answers were registered. The whole
procedure took approximately 30 min. At the end, the participants
received words of appreciation and were free to leave.

RESULTS

The statistical analyses were conducted in the Statistica 13 and
SPSS 26 software packages. Edinburgh Handedness Inventory
revealed that most of the participants were right handed (n = 30)
and a few left handed (n = 2). The main experimental session
analyses were based on one independent variable with four levels
(type of message: verbal-informative V-I, verbal-emotive V-E,
emoticon-informative E-I, and emoticon-emotive E-E) and two
dependent variables (RTs - mean from the single choice and
yes/no questions to each type of message and the correctness of
answers — mean sum of the points of the four questions).

In the first part of the analysis, distributions of the RT
and accuracy of the answers were tested. The W Shapiro-Wilk
test was conducted for this purpose. A normal distribution
was revealed for variables: RTs of the answers to the questions
on V-E and V-I messages as well as E-I messages. Other
variables turned out not to have normal distribution. Further

inspection of the accuracy scores distributions revealed that
the data were negatively skewed. Logl0 transformation attempt
at normalization did not change the skewness of the distribution.
Therefore, the differences in the correctness variable were
analyzed with the nonparametric test.

Reaction Times of the Answers

Since the present study was exploratory and preliminary in nature,
it is worthwhile to emphasize the descriptive statistics first in
order to indicate general trends. In the case of the RTs, the
quickest answers were given to emoticon-emotive (E-E) messages
in both groups (dyslexic group mean 572 s, SD = 1.88, min
3.43, max 10.85; non-dyslexic group mean 3.9, SD = 0.61, min
2.94, max 4.84) and the longest to verbal-informative (V-I) messages,
again in both groups (dyslexic mean 6.07, SD = 1.84, min 3.9,
max 11.16; non-dyslexic mean 4.31, SD = 0.85, min 3.05, max
5.92). Figure 2 illustrates the descriptives (see Figure 2B for
the RTs).

In order to compare the groups in terms of the RTs of
answers having similar normal distribution, analysis of variance
was conducted. The results showed statistically significant
differences between the control and experimental groups,
F(3.28) = 4.36, p < 0.05. In order to evaluate the differences
of particular variables between the groups, Bonferroni’s post-
hoc test was carried out. All the variables turned out to
be significant (p < 0.05). The results indicate getting significantly
shorter reaction times of answers to all the types of messages
examined in the group of participants without dyslexia. Table 1
presents the differences in RTs between the groups.

Also, the RTs of answers to questions regarding the verbal-
emotive (V-E) messages were overall faster than to verbal-
informative (V-I) ones (mean RTs 4.96 < 5.19, p = 0.02) for
all the participants (irrespective of group). In other words,
the answers to verbal-only messages with emotional content
were given faster than to those without emotional content.
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FIGURE 2 | Mean scores for all the message types in two groups with standard error bars. (A) Mean correctness score (B) mean RT (in seconds). V-1, verbal-
informative message; V-E, verbal-emotive; E-I, emoticon-informative; and E-E, emoticon-emotive.

Message
type
myv
BVE
ME

EE

dyslexic

Message
type
mv
BVE
HE
EE

dyslexic

TABLE 1 | Mean RT of answers to three types of messages in two groups with
significance levels of Bonferroni’s tests.

Message type Dyslexia group No dyslexia group
V-l 6.08" 4.32
V-E 5.98" 3.95"
E-l 6.01" 4.09

V-I, verbal-informative message; V-E, verbal-emotive; and E-I, emoticon-informative. "p < 0.01.

Correctness of the Answers

As in the case of the RTs, we emphasize the descriptives as
indicators of general trends. The most accurate answers were
given to emoticon-informative (E-I) messages in both groups

(dyslexic group mean 24.81, SD = 2.61, min 20, max 28;
non-dyslexic group mean 26.81, SD = 1.27, min 24, max 28)
and the least accurate to the verbal-informative (V-I) ones,
again in both groups (dyslexic mean 22.88, SD = 4.01, min
14, max 27; non-dyslexic mean 24.31, SD = 2.27, min 20,
max 28). Figure 2 illustrates the descriptives (see Figure 2A
for accuracy scores).

The lack of normal distribution of the correctness variable
resulted in conducting nonparametric Mann-Whitney U test.
The results indicate the significance (U = 64.5, p < 0.05) of
the correctness related to one type of message, i.e., having
informative content with (nonstandard) emoticons (E-I). Answers
of the control group turned out to be more accurate comparing
to the ones given by the participants from the experimental
group. Table 2 shows the differences.
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TABLE 2 | Mann-Whitney U test statistics (with the continuity correction) of the correctness of answers between groups for the four types of messages used in the
study.

N important N important (No

M z z P
essage type u p (correct) (Dyslexia group) dyslexia group)
V- 112.0000 -0.58 0.559 -0.59 0.554 16 16
V-E 64.0000 -1.63 0.101 -1.68 0.092 16 16
E-l 64.5000 -2.37 0.017 —2.42 0.015 16 16
E-E 90.0000 -1.41 0.157 —-1.44 0.148 16 16

V-1, verbal-informative message; V-E, verbal-emotive; E-l, emoticon-informative; and E-E, emoticon-emotive.

To look for differences in the accuracy of the answers to  from simple graphic signs relating to smiles, frowning, or
different messages within the groups, Wilcoxon rank sum test  expressions of sadness (imitations of facial expressions) to
was conducted. In dyslexic group, the most accurate answers illustrations of complex concepts of significance for the sender
were given to informative messages with nonstandard emoticons  (objects, persons, events, and situations; Dresner and Herring,
(E-I) and those differed significantly with purely verbal-  2010). They also became less typographic and more human
informative messages (V-I), W = 96.00, p = 0.005, and verbal-  or reality-based in nature and as such are sometimes called
emotional messages (V-E), W = 89.00, p = 0.002. More accurate  emojis (Aldunate and Gonzalez-Ibanez, 2017). In the present
answers were also given to emotional messages with emoticons  study, we decided to employ emoticons (emojis) that belonged
(E-E) as compared to emotional ones without any emoticons  to two main types: traditional, emotion-based and nonstandard,
(V-E), W = 23.00, p = 0.03. In non-dyslexic group, the higher  information (object or person)-based ones.
accuracy of the answers to E-I messages was even more We compared the comprehension of the written messages
pronounced, with significant differences as compared to V-I  with or without emoticons on the basis of reaction times and
messages, W = 6.00, p = 0.006, V-E messages, W = 12.00, accuracy (correctness) of the answers given in experimental
p = 0.003, and even E-E ones, W = 19.50, p = 0.03. There (dyslexic) and control groups of age and sex matched participants.
were also differences observed between (more accurate) answers ~ We expected poorer overall performance of the experimental
to E-E messages and V-I ones, W = 56.00, p = 0.03, as well  group, which was confirmed as far as the RTs were concerned.
as between E-E messages and V-E ones, W = 9.00, p = 0.009.  Longer RTs in dyslexic youth could point to the problems in

reaching the proper information through the working memory

(first questions on the contents of the messages were asked
DISCUSSION immediately after 20 s of message presentation), which could

be due to the impaired comprehension of time-restricted text
The aim of the preliminary study was to explore whether the  presentation. Alternatively, the effect could be seen as the result
presence of two types of emoticons (traditional and nonstandard)  of trouble in the encoding of the (written) questions themselves,
within emotional and non-emotional verbal messages helps either on the basis of their only verbal (phonological) elements
with the comprehension of their contents in dyslexic youth. or processing of fast and rapidly changing stimuli. The latter
The reading disability is proven to influence adversely young  aspect could relate to the speed processing hypothesis of deficits
people’s growth and wellbeing, both in social and personal in dyslexia (Tallal, 1980). However, the alternative explanation
domains (Terras et al., 2009; Eissa, 2010; Glazzard, 2010; Dahle  seems a less probable one, since the questions were explicitly
et al., 2011) with children’s behavior and personality being  designed to be as simple and straightforward as possible tests
negatively affected as well, impacting their quality of life  of content comprehension (single choice and yes/no types of
(Gagliano et al., 2014; Huang et al., 2020), which in turn may  questions, no time limit for an answer). The overall high
lead to such severe problems as depression and suicidality.  performance in the accuracy of the answers (see below) would
This necessitates coping programs based on whole-school support  attest to that. The RT effect can be seen as a point in favor
systems (Firth et al., 2013) or special compensation tools, e.g.,  for providing more time during educational process for dyslexic
software with user-driven functionalities aiding reading youth, including written state examination.
comprehension and fluency (Rodriguez-Goncalves et al., 2021), The general trends as indicted by descriptive statistics
especially taking into account the fact that many teachers lack  point to the fastest answers being given in response to
the strategies to evaluate and intervene in dyslexic students emoticon-emotive messages in both groups. This possibly
(Leite, 2012; Ryder and Norwich, 2019). In an ever isolated relates to the main effect of quickest RTs to the verbal
pandemic and post-pandemic world that depends more and messages rich in emotional content (see below), but also
more heavily on CMC, whether for social, educational, or could be seen as a tentative point in favor of traditional
personal purposes, it is especially important to study what are  (face-expression based) emoticons as the most common and
the possible beneficial factors in reading comprehension for  natural paralinguistic cues in CMC that could help in written
dyslexic young people. That is why we decided to look into  message encoding (Aldunate and Gonzilez-Ibanez, 2017).
the most characteristic, yet constantly expanding and developing ~ Conversely, messages lacking any nonverbal cues and without
aspect of the CMC, i.e., emoticons. Emoticons have evolved  emotional content (verbal-informative only) seem to be the
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hardest to process in CMC (having the lowest accuracy scores
in both groups as well, see Figure 2A).

We also noted a general main effect of emotional content of
strictly verbal messages on the RTs, with overall (irrespective of
group) shorter RTs to the emotive messages as compared to the
informative ones. As such, it is marginally interesting in the
context of the present study, but it possibly showcases a well-
researched aspect of preferential processing of emotional stimuli,
pictorial or verbal alike, evidenced strongly even on brain activity
measures (for a review on image-based studies, see Olofsson et al.,
2008 and on word-based studies, see Citron, 2012). It could also
relate to the specific aspect of better memorization of
autobiographical content rich in emotional elements (Christianson
and Safer, 1995), since the messages used in the study had social
and personal overtones and they related to the episodes of everyday
life commonly experienced by young people.

We have observed differences in relation to accuracy of the
answers between the experimental and control groups.
Significantly more accurate answers were given by non-dyslexic
participants to messages with emoticons and of informative
content only. The graphic signs in those messages were of
nonstandard type, i.e., small pictures of objects or persons
that were also expressed verbally. These newer kinds of emoticons
(which might as well be called “infoicons”) repeat or reinforce
content already conveyed. They seem of particular use for
quickly grasping the meaning or better encoding of the content
to be recognized within the next minute. Non-dyslexic people
seem to make the best use of such graphic reinforcement of
the verbal message content (also as compared to all the other
types of messages within that group). However, on the basis
of within-subject analysis, we tentatively observed the benefits
of exactly that kind of emoticons for dyslexic people as well.
Trends indicated by descriptives (see Figure 2A) attest to that
as well. The analyses and general trend observations showed
that the answers to the informative messages with nonstandard
emoticons (E-I ones) were the most accurate ones and they
differed significantly with both types of messages (informative
and emotional in content) that lacked emoticons. Possibly then,
it is the nonstandard emoticons that are of most benefit to
the individuals with reading impairment, since they are purely
nonverbal (non-phonemic) signs that serve as graphic transcripts
of verbal content, and thus help in the message comprehension.
As such, they could be implemented into educational programs
and online studies as aids in reading comprehension tasks.

Traditional emoticons (conveying basic emotional states,
such as happiness, sadness, and surprise) on the other hand
could be seen as more complex in nature since they do not
duplicate the content, but rather add nuanced interpretation
(or intentions) of the sender to it. What is more, although
they too are nonverbal functionally, they could be seen as
quasi-nonverbal elements (Lo, 2008), as the additional content
to the verbal series (verbal cues). Such an interpretation should
be approached cautiously, because there was no significant
difference in the accuracy of answers between messages with
traditional and nonstandard emoticons in the experimental
group (it was present however in the controls). Interestingly,
there is some evidence that people with dyslexia have visual

attention deficits that relate to general visual domain, rather
than to strictly verbal one (Lobier et al., 2012).

It is also worth noting that the overall accuracy-based
performance of the dyslexic group was high (only one significant
difference between the groups). This can point to the fact that
the task was very simple indeed, or alternatively that the CMC
which was simulated by design in the study’s procedure, is a
very natural and enabling environment, especially for young
people, including those with reading disabilities, even though
they require more time to react to the written messages (see
RT effects described above).

The overall trend of higher accuracy of the answers to
messages rich in both kinds of emoticons as compared to the
strictly verbal messages in both groups is also worth mentioning.
This general tentative effect seems to confirm special role of
emoticons in CMC in enhancing the comprehension of the
written text, possibly by strengthening the verbal content of
the message (Derks et al, 2008a) or clarifying its ambiguity
(Kaye et al., 2016). The most important aspect that the study
points to is their potential benefit for dyslexic students as aids
in educational process and social interactions alike (obviously,
since the claim is based on the results of a simple preliminary
study it should be treated very cautiously). In a world that
depends on CMC more and more in educational, professional,
and personal spheres, the need to understand and pinpoint
crucial aspects of written content comprehension for people
with reading impairments is a pressing matter. Future research
on larger samples should focus on short yet condensed (content-
wise) messages and text excerpts in detailing the role of various
kinds of emoticons (standard vs. nonstandard) with different
degrees of complexity (colors, shapes, and animations) and
determining the most beneficial type of paralinguistic cue for
written content comprehension (with strict control for
communication patterns of young people). The new, nonstandard
object-based emoticons reinforcing the verbal content by
essentially doubling it, bearing close resemblance to reality
(emoji class) as present in the most popular social network
messaging system (duplicated in the present study) seem the
most promising or interesting of the aids.

Lastly, limitations of the study ought to be mentioned. Since
the study was explorative and preliminary in nature, the sample
size of the participants was small, and no prospective power
analysis was done to determine the adequate sample. This
obviously limits the interpretation of the data and results
obtained. Retrospective power analysis was not implemented,
since it adds no new information on the statistical tests outside
the value of p and should be avoided (Lenth, 2001). Furthermore,
the score distribution of the correctness variable was not normal
and this resulted in conducting nonparametric tests. Both of
these factors (the non-normal distribution probably stemming
in part from the small sample size) renders the analysis
problematic and the interpretations of the results and conclusions
based on them should be treated cautiously and only as tentative
indicators of the possible effects in the population. The other
cause of the non-normal distributions of the correctness results
worth mentioning is very low difficulty of the task employed
and this in turn resulted in a positive bias (toward the high
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end of scales) of the scores (negatively skewed distribution).
The study design itself could be seen as not optimal for full
investigation into emoticons and its impact on the comprehension
of various kinds of online messages, since for simplicity and
ecological validity purposes it lacked, e.g., emotional text message
condition with nonstandard (non-emotional) emoticons (such
messages seem rare in real CMC). Furthermore, there are some
potential confounding factors that could have had an impact
on the results, like initial level of text comprehension, long-
term experience with CMC, which should be addressed and
controlled in future full-scale research.

Overall, the study obtained some tentative and promising
results, which pointed to specific factors of importance in
reading comprehension of the students with dyslexia (the
nonstandard emoticons, longer times of written message
processing). As such merits replication on larger samples and
further exploration of the abovementioned aspects related to
online written content so commonly accessed by young
people nowadays.
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Purpose: Abnormal exogenous attention orienting and diffused spatial distribution of
attention have been associated with reading impairment in children with developmental
dyslexia. However, studies in adults have failed to replicate such relationships. The goal
of the present study was to address this issue by assessing exogenous visual attention
and its peripheral spatial distribution in adults with developmental dyslexia.

Methods: We measured response times, accuracy and eye movements of 18 dyslexics
and 19 typical readers in a cued discrimination paradigm, in which stimuli were
presented at different peripheral eccentricities.

Results: Results showed that adults with developmental dyslexia were slower that
controls in using their mechanisms of exogenous attention orienting. Moreover, we
found that while controls became slower with the increase of eccentricity, dyslexics
showed an abnormal inflection at 10° as well as similar response times at the most
distant eccentricities. Finally, dyslexics show attentional facilitation deficits above 12° of
eccentricity, suggesting an attentional engagement deficit at far periphery.

Conclusion: Taken together, our findings indicate that, in dyslexia, the temporal
deficits in orientation of attention and its abnormal peripheral spatial distribution are not
restricted to childhood and persist into adulthood. Our results are, therefore, consistent
with the hypothesis that the neural network underlying selective spatial attention is
disrupted in dyslexia.

Keywords: dyslexia, exogenous attention, visual eccentricity, reaction time, cueing

INTRODUCTION

Developmental dyslexia (DD) is characterized by a reading impairment, despite normal intelligence
and adequate reading instruction. Although phonological processing deficits are well established
as core deficits in DD (Snowling, 1981; Ziegler and Goswami, 2005), it has been suggested that
attentional impairments may also contribute to the pathophysiology of this condition (Cestnick
and Coltheart, 1999; Vidyasagar, 1999, 2019; Hari and Renvall, 2001; Facoetti et al., 2005, 2006;
Bosse et al., 2007; Vidyasagar and Pammer, 2010; Pina Rodrigues et al., 2017a). Accordingly, several
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types of attention deficits have been reported in DD: narrowed
visual attentional window and reduced visual attention span
(Bosse et al., 2007); stronger effects of crowding (Bouma and
Legein, 1977; Spinelli et al., 2002; Pernet et al., 2006; Martelli et al.,
2009; Moores et al., 2011; Callens et al., 2013); noise exclusion
deficits (Sperling et al., 2005, 2006; Pina Rodrigues et al,
2017a); and, particularly relevant for this study, abnormal spatial
distribution of attention (Facoetti and Turatto, 2000; Facoetti and
Molteni, 2001) and impaired attention orienting (Brannan and
Williams, 1987; Facoetti et al., 2000b, 2003a, 2006; Facoetti and
Molteni, 2001; Hari and Renvall, 2001; Kinsey et al., 2004; Valdois
et al., 2004; Roach and Hogben, 2008; Vidyasagar and Pammer,
2010; Franceschini et al., 2012; Gabrieli and Norton, 2012).
Moreover, it has been shown that prereading visuo-attentional
skills can predict reading impairments (Franceschini et al., 2012;
Carroll et al., 2016; Valdois et al.,, 2019) and that attentional
training is able to improve reading in dyslexics (Franceschini
et al,, 2013), suggesting a causal link between attentional deficits
and reading impairments.

Fluent reading requires precise and rapid selection of relevant
stimuli among distractors (Bouma, 1970; Bouma and Legein,
1977; Reynolds and Besner, 2006), which critically requires
efficient orientation of attention (Cestnick and Coltheart, 1999;
Vidyasagar, 1999; Facoetti et al, 2006; Perry et al., 2007;
Vidyasagar and Pammer, 2010). In particular, the orientation
onto each sublexical unit is crucial for graphemic parsing,
defined as the process determining the graphemic elements
of a word, which, according to computational models of
reading, precede spelling-to-sound conversion mechanisms
(McCandliss et al., 2003; Whitney and Cornelissen, 2005;
Perry et al, 2007). Indeed, before the application of the
grapheme-to-phoneme correspondences, graphemes have to be
accurately selected through rapid serial attentional orienting.
This mechanism allows the selective processing of relevant
letter-to-speech sound correspondence while suppressing the
irrelevant ones.

Spatial orientation of attention can be voluntary, via a
mechanism known as endogenous attention, or automatic,
stimulus-driven, termed exogenous attention (Fuller et al., 2008).
These two systems are also labeled as sustained (endogenous) and
transient (exogenous) due to the difference in their processing
time-courses. Whereas the effects of endogenous attention
require few hundred milliseconds to fully develop and can be
maintained with effort, exogenous attention peaks within 100
to 120 ms and diminishes rapidly thereafter (Nakayama and
MacKeben, 1989; Cheal and Lyon, 1991).

It is worth pointing out that the attentional orienting system
is anatomically based in the parietal dorsal stream, which in
turn, has strong input from the magnocellular system (Gori and
Facoetti, 2015). Several studies have shown temporal deficits
in DD often suggested to be associated with magnocellular
dysfunction (Livingstone et al., 1991; Cornelissen et al., 1995;
Stein and Walsh, 1997; Iles et al., 2000; Talcott et al., 2002;
Laycock et al., 2012; Pina Rodrigues et al., 2017b) and, in an
important recent study, it has been demonstrated a causal link
between magnocellular deficits and DD (Gori et al., 2016). Hari
and Renvall (2001) proposed that parietal attentional dysfunction

could underlie such deficits. Specifically, these authors suggested
sluggish attentional shifting (SAS) as a causal factor for
temporal processing impairment in DD (Hari and Renvall, 2001).
Attentional shifting refers to the engagement mechanisms onto a
relevant object and subsequent disengagement from the previous
object to the next one. In terms of reading processes, this failure
can cause impaired speech segmentation and scanning of letter
strings, which in turn can result in poor phonemic/graphemic
representations and, thus, in reading difficulties (Lallier et al.,
2010; Krause, 2015). Another brain structure that has been
implicated either in exogenous attention orienting mechanisms
as in reading impairments in DD is the cerebellum. Besides
the evidence that oculomotor structures in the cerebellum are
involved in the generation of exogenous shifts of attention (Baier
et al., 2010; Striemer et al., 2015b) and that other cerebellar
structures may provide input to the exogenous attention neural
network (Striemer et al., 2015a), it has been proposed that
cerebellum abnormalities in DD can lead to an impairment
in skill automatization with consequent reading difficulties
(Nicolson et al., 2001; Nicolson and Fawcett, 2005).

Several studies have shown that automatic exogenous
orientation of attention is impaired in dyslexic children (see
Facoetti, 2012; Gabrieli and Norton, 2012 for reviews). This
subject was particularly explored by Facoetti and colleagues in a
series of experiments (Facoetti et al., 2000b, 2003a,b, 2005, 2010;
Facoetti and Molteni, 2001; Ruffino et al., 2014). By using cueing
paradigms, in which participants are asked to react as quickly as
possible to the appearance of target stimuli preceded by spatial
cues, and manipulating the stimulus onset asynchrony (SOA)
(i.e., interval between cue and target-stimulus) to activate both
endogenous and exogenous systems, these authors showed that
cueing effects are absent in dyslexics only at the shortest intervals,
i.e., when exogenous mechanism are recruited (Facoetti et al.,
2000b, 2003a). This impairment was found to be correlated with
sublexical reading deficits in children with DD, pointing to a
direct link between phonological skills and exogenous attentional
mechanisms (Facoetti et al., 2010; Ruffino et al., 2014, 2010).
Importantly, Franceschini et al. (2012) found, in a longitudinal
study, that prereading exogenous attention orienting, assessed
by cueing paradigms, predicts reading acquisition and several
reading skills, such as text, word, and pseudoword reading. These
authors found that the abnormality in orienting of attention is
rather prevalent early in development. In their sample, 60% of
future poor reader children were impaired in attention orienting
at the prereading stage. Nevertheless, the role of attentional
orienting mechanisms in the reading deficits is a subject still
under debate. Several studies also using cueing paradigms with
variable SOAs suggested preserved exogenous and endogenous
attention orienting in adults with DD (Judge et al., 2007, 2013;
Moores et al., 2011, 2015), raising the hypothesis that deficits in
exogenous orienting of attention observed in DD children do not
persist and hindering the claim of a causal link between such
deficits and reading impairments.

The literature concerning spatial distribution of visual
attention in DD is also contradictory. While some
studies found an abnormal spatial distribution in these
patients (Geiger and Lettvin, 1987; Geiger et al., 1992, 2008;
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Facoetti and Turatto, 2000; Facoetti and Molteni, 2001), others
did not (Judge et al., 2007; Moores et al., 2015). Among the
studies that favor the atypical spatial distribution hypothesis
are the ones from Geiger and Lettvin (1987) and Geiger et al.
(1992, 2008), who found that, in the presence of lateral masking,
dyslexics recognize letters visually farther in the periphery than
typical readers. The authors suggested that dyslexics exhibited a
wider visual perceptual mode. Their finding was corroborated
by other studies (Perry et al., 1989; Dautrich, 1993; Lorusso
et al., 2004) and found to be present across different subtypes
of DD (Lorusso et al., 2004). Additionally, Facoetti et al. (2001)
and Facoetti and Molteni (2001) studied attention orienting at
different visual eccentricities and found that DD children did
not show normal eccentricity effects as controls, corroborating
a diffuse-distributed attention mode in DD. On the other
hand, Judge et al., using the task used by Facoetti and Molteni
(2001), showed that, unlike children, DD adults exhibit normal
eccentricity effects (Judge et al., 2007). Their work was supported
by a study (Moores et al., 2015) in which results show similar
effects of eccentricity and cueing in DD and controls also arguing
against the notion of a more distributed attention in DD adults
than in typical readers.

Taking into account the literature discrepancies and the
ongoing debate described above, the main aim of the present
study was to investigate exogenous visual attention in DD adults
and its peripheral spatial distribution. Particularly, we intended
to investigate facilitation and inhibition attentional effects in DD
adults and controls. Facilitation effect refers to the fact that when
a target is preceded by a spatial cue at the same location, it’s
detection is faster than at uncued locations due to the shifting
of attention to the cued location prior to the presentation of the
target. On the other hand, attentional inhibition refers to the
ability to suppress and ignore salient yet irrelevant features in the
scene (Posner, 1980). To assess exogenous orienting of attention
we used a classical cueing paradigm, in which peripheral pre-
cues were presented, followed by a short SOA. We then adapted
this paradigm to a discrimination task. Discrimination requires
more attentional resources than simple detection and, therefore,
is expected to be more prone to cueing effects. In order to study
attentional effects, and since automatic orienting is supposed to
occur regardless of the validity of the cue or even when subjects
are not aware of the cue (McCormick, 1997; Rosen et al., 1999),
uninformative cues were included in the experiment. Spatial
distribution of attention was tested by presenting the target
stimuli at parafoveal and perifoveal peripheral eccentricities,
ranging from 8° to 14°.

MATERIALS AND METHODS

Participants

Eighteen developmental dyslexics and nineteen age and IQ
matched controls were recruited. Individuals with dyslexia had
all received a formal diagnosis of dyslexia from a qualified
psychologist or an education authority official, and none had
been diagnosed with any other developmental disorder (e.g.,
ADHD) or any neurological or psychiatric disorder. Controls

were adults with no history of learning, developmental, cognitive,
neurological, or neuropsychiatric disorders. All participants were
assessed in terms of reading performance and intelligence level.
For the reading assessment, a sub-test from the Psycholinguist
Assessments of Language Processing in Aphasia - Portuguese
version (PALPA-P; Castro et al., 2007) was used. In this sub-
test, participants were asked to read a list of 60 words and
pseudowords as quickly as possible. The measures obtained
from this sub-test were reading speed (in seconds) and
accuracy (number of words correctly read). Intelligence level
was measured through the Raven Progressive Matrices Test —
Set 1 (RPM; Raven et al., 1976). All participants had normal
or corrected to normal vision. Participants’ demographics and
reading and intelligence scores are summarized in Table 1.
The study was conducted in accordance with the tenets of
the Declaration of Helsinki and was approved by the Ethics
Committee of the Faculty of Medicine of the University of
Coimbra. Written informed consent was obtained from the
participants, after an explanation of the nature of the study.

Apparatus

The experiment was conducted in a dark room. Stimuli were
delivered using the Presentation software (Neurobehavioral
Systems) on a 38 x 30.2 cm (41.6 x 33.6° visual angle) computer
screen with a resolution of 1280 x 1024 pixels and a luminance
of 108 cd/m2. The distance between the subjects’ eyes and the
computer screen was 52 cm. A chin and forehead rest was
used to ensure a stable viewing position throughout testing. To
ensure that subjects fixated the center of the stimulus display
during the experiment, the subject’s gaze position was monitored
using an eye-tracker SMI iViewX High-speed (SensoMotoric
Instruments GmbH, Germany).

Stimuli and Procedure

The stimuli consisted of Gabor patches, comprising a simple
sinusoidal grating convolved by a Gaussian envelope (spatial
frequency - 2 cpd; envelope SD - 0.25° contrast — 50%
Michelson). Stimuli were presented one at a time at two levels
of viewing eccentricity (parafoveal and perifoveal) in the four
quadrants of the visual field. In the parafoveal level, stimuli

TABLE 1 | Summary statistics for the two groups of participants.

Dyslexics (n = 18) Controls (n = 19)

Mean Range SD Mean Range SD p-Value
Age (years) 27.08 19-44 7.05 25.05 20-36 4.03 0.443
Education (years) 1656 13-17 158 16.21 14-17 1.08 0.149
RPM 10.08 8-12 1.19 1114 8-12 168 0.063
PALPA-P reading 71.67 42-105 18.20 42.33 31-52 7.43 <0.05
speed (s)
PALPA-P accuracy 50.31 42-57 448 5767 56-59 1.21 <0.01
Gender (m:f) 8:10 9:10 1.00

P-values for t-test comparisons (except for gender, for which the Chi-square
test was used) between the two groups are reported (p < 0.05 values are
considered significant).
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appeared at 8 and 10 degrees of eccentricity, while in the
perifoveal level appeared at 12 and 14 degrees (Strasburger et al.,
2011). The patches were randomly oriented at 45 or 135 degrees
from the vertical and participants were asked to discriminate, as
quickly as possible, the orientation of the gratings by pressing
the corresponding button of a response box. A fixation cross
was presented at the center of the screen and participants were
instructed to fixate the cross throughout the whole experiment.
Participants’ reliability was evaluated by randomly interleaving
false positive and false negative catch trials. In the false negative
trials stimuli were presented at the center of the screen, in the
location where subjects were instructed to fixate. False positive
trials consisted in trials where only the pre-cue was presented.
In these trials participants were instructed to not respond.
Performance reliability was assessed by monitoring fixation loss
and computing false positive and negative errors. A percentage
of >33% of false positive and negative errors was defined as
exclusion criteria, according to standard procedures (Ribeiro
et al., 2012; Mateus et al., 2013). The sizes of the stimuli were
scaled with viewing eccentricity using a magnification factor
estimate for the temporal visual field, M (Rovamo and Virsu,
1979): M = MO(1 + 0.29E + 0.000012E3), where E represents
eccentricity and MO represents the size of the stimuli at the
smallest eccentricity. The smallest eccentricity in our experiment
was the fovea where the stimulus size was 0.83°. Therefore,
stimulus sizes were 2.76°, 3.24°, 3.74°, and 4.2° for the 8°, 10°,
12°, and 14° of eccentricity, respectively.

Exogenous orienting of attention was assessed using a variant
of Posner’s task (Posner, 1980) comprising visual targets preceded
by spatial cues (valid, invalid, and neutral). In the valid and
invalid trials, the cue consisted in a salient black dot (0.23°)
presented either at the same eccentricity and visual quadrant
of the subsequent stimuli (valid) or at the same eccentricity
but at a randomized different visual quadrant of the subsequent
stimuli (invalid). In the neutral trials, four identical black
dots were presented simultaneous at 14° of eccentricity in

the four visual quadrants. Attentional facilitation effects were
obtained computing the difference between neutral and valid
cue conditions while attentional inhibition effects referred to
the difference between invalid and neutral cue conditions.
Participants were informed of the possible appearance of black
dots in the screen and were instructed to not attend to them.

Each trial began after subjects continuously foveated the
fixation cross for 500 ms. After that, the cue was presented for
30 ms, followed by a stimulus onset asynchrony (SOA) of 70 ms,
after which the stimulus appeared for 100 ms. The maximum
time allowed for response was 1500 ms (see Figure 1).

The experiment consisted of 2 runs of 600 trials each (1200
in total), separated by an interval in which the subjects were
allowed to rest. Eye-tracker calibration was repeated after the rest
period. Stimuli were randomly presented in six conditions (two
levels of eccentricity x three types of cue), each having 160 trials.
In addition, 120 false positive and 120 false negative trials were
presented. Therefore, the experiment consisted on 1200 trials,
divided in 960 experimental trials and 240 control trials, with a
maximum duration of 1 h for each participant (45 min for the
experiment and 15 min for rest and recalibration). Before the
experiment began, participants made a practice run (80 trials)
to become familiarized with the task. The dependent variable of
interest was the response time (RT) since we expected accuracy to
be close to ceiling.

Statistical Analysis

All statistical analyses were performed using the IBM SPSS
statistical software package, version 20.0 (SPSS, Inc., Chicago,
IL, United States). Mean correct RTs were analyzed with a
mixed ANOVA, with group as the between factor (dyslexics and
controls) and eccentricity (8°, 10°, 12°, and 14°) and cue (valid,
invalid, and neutral) as within factors. Results with p < 0.05
were considered statistically significant. Outliers, defined as RTs
above or below 3 SD from the group’s mean, were not detected.
None of the participants scored >33% in false positive and

. s
Valid cue + + + + +
.
Invalid cue + + + o +
. .
Neutral cue + + + + +
. . I’
—_— _— —_—
500 ms 30 ms 70 ms 100 ms Until response
(1500 ms)
FIGURE 1 | Schematic representation of the time course (left to right) of the procedure.
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false negative trials and, therefore, all participants were included
in the analysis.

RESULTS

As expected, accuracy was close to ceiling, being above 90%
in all conditions in both groups, which ensured that both
dyslexics and controls were able to perform the task correctly
(Table 2). There was no significant main effect of group,
as well as no significant effect of cue. Both dyslexics and
controls had similar accuracy across the task and the type
of cue did not affect participants accuracy. The main effect
of eccentricity was significant [F(1,35) = 4.24, p < 0.05;
nf, = 0.114]. Participants were more accurate at parafoveal
eccentricities than at perifoveal (difference = 0.7%, p < 0.05).
There were no significant interactions.

Regarding RTs analysis, the main effect of group was
significant [F(1,35) = 6.41, p < 0.05; T]f, = 0.155] showing that
dyslexics were globally slower than controls (RTs were 626 ms for
DD and 570 ms for controls). The main effect of cue was also
significant [F(2,70) = 13.13, p < 0.001; nf, = 0.273], and similar
in both groups [F(2,70) = 0.04, p = 0.958]. Participants were faster
when a valid cue was presented than when invalid (p < 0.001)
or neutral (p < 0.01) cues were displayed. Eccentricity was also

found to have an effect in RTs [F(3,105) = 19.06, p < 0.001;
nf, = 0.353]. Overall, participants became slower with increases
in eccentricity, except between 8° and 10° where the RTs were
equivalent. The smallest (but still significant) difference between
eccentricities was found for the comparison between 10° and 12°
(difference = 8 ms, p < 0.05) (see Figure 2).

Interestingly, the eccentricity x group interaction was found
to be significant [F(3,105) = 3.12, p < 0.05; nf) = 0.082], showing
that eccentricity had a different effect on the RTs of each
group (see Figure 3). Post hoc analysis for the different pairs
of eccentricity revealed a different behavior of dyslexics at 10°
of eccentricity [F(1,35) = 11.38, p < 0.01; nf, = 0.245 for the
comparison between 8° and 10° and F(1,35) = 6.25, p < 0.05;
nlz) = 0.152 for the comparison between 10° and 12°]. While the
RTs of controls followed the expected increase with eccentricity,
dyslexics showed an inflection at 10° of eccentricity, increasing
again at 12°. Additionally, to further investigate the effect of
eccentricity in each group, one-way ANOVAs were performed
in each group separately, using eccentricity (8°, 10°, 12°, 14°)
as within factor. Controls showed a trend for a significant
difference between 8° and 10° eccentricity (difference = 9 ms,
p = 0.06), as well a significant difference between 12° and 14°
eccentricity (difference = 14 ms, p < 0.001). On the contrary,
DD participants only showed a significant difference between 10°
and 12° eccentricity (difference = 15 ms, p < 0.05). Importantly,

TABLE 2 | Means and standard deviation (in brackets) of the hit rates (percentage) of dyslexics and controls at the four viewing eccentricities (82, 10°, 12°, and 14°) and

for the three cue types (valid, invalid, and neutral).

Dyslexics Controls
Valid Invalid Neutral Valid Invalid Neutral
8° 92.81 (3.52) 92.42 (6.40) 93.44 (4.97, 94.61 (5.32) 95.13 (56.53) 93.82 (5.84)
10° 93.28 (4.74) 92.81 (4.80) 89.53 (7.27, 93.75 (4.86) 93.62 (5.03) 93.75 (6.24)
12° 90.55 (5.83) 92.19 (4.29) 92.42 (4.67, 95.53 (4.32) 93.42 (5.73) 94.54 (5.91)
14° 91.56 (6.10) 89.67 (5.23) 89.68 (6.17, 94.34 (4.48) 93.75 (4.23) 93.03 (6.32)
Dyslexics
Y Controls
650 650
_ 630 4 _ 630
z z
g o0 e |7 Lt vaiid g 604 L e valid
E invalid é invalid
§_ 590 4 — — = neutral §_ 590 — — —neutral
] 3
® 570 % 5704
550 550
530 530
8 10° 120 14° 8 10° 12° 14°
Eccentricity Eccentricity

FIGURE 2 | Average response times (ms) for the three types of cues (valid, invalid and neutral) at four eccentricities (8°, 10°, 12°, 14°) for dyslexics and controls.

Error bars indicate +SE.
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FIGURE 3 | Average response times (ms) at four eccentricities (8, 10, 12, 14°)

for dyslexics and controls. Note the different behavior of dyslexics and
controls at 10° of eccentricity. Error bars indicate +SE.

controls were, as expected, faster at 8° of eccentricity than at 14°
of eccentricity (difference = 27 ms, p < 0.001). In contrast, DD
adults showed no significantly different RTs at the most distant
eccentricities tested.

The non-linear behavior of DD participants, particularly at
10° of eccentricity, as well as the different distribution of the data
in both groups (see Figure 2), motivated us to explore the effect
of cue at different levels of eccentricities. Based on the different
pattern of behavior in dyslexics that we observed at 10° of
eccentricity, we therefore defined this eccentricity as a cutoff and
collapsed the 4° of eccentricity in two levels, the first comprising
8° and 10° (equal or below the identified 10° cutoff); and the
second comprising 12 and 14° (above the cutoff). We then
investigated attentional facilitation (difference between neutral
and valid conditions) and attentional inhibition (difference
between invalid and neutral conditions) effects at near (8°-10°)
and far (12°-14°) periphery. For that, we performed a mixed
ANOVA, with group as between factor (dyslexics and controls)
and eccentricity (8°-10° and 12°-14°) and attentional effect
(facilitation and inhibition) as within factors. Notably, we found
a significant group x eccentricity x attentional effect interaction
[F(1,35) = 4.24, p < 0.05; nf, = 0.114]. Post hoc analyses showed
that both groups have a different facilitation effect depending
on the spatial location of the stimuli [F(1,35) = 4.42, p < 0.05;
nf, = 0.118]. While in controls, the facilitation effect is similar at
near and far periphery (mean 8/10 = 9.44, mean 10/12 = 9.94 ms;
difference = 0.50 ms, p > 0.05), in dyslexics it is absent at the
far periphery (mean 8/10 = 15.91, mean 10/12 = —4.04 ms;
difference = 19.95 ms, p < 0.05) (see Figure 4).

DISCUSSION

In the current study, we investigated the exogenous orienting of
attention and its spatial distribution across the peripheral visual
field in dyslexic and typically reading adults.

We showed that dyslexic adults have temporal deficits in
orientation of attention. Although this has already been described

in children with DD (Facoetti et al., 2000b, 2003a,b, 2005; Banfi
et al., 2017), the current study is, to our knowledge, the first to
demonstrate this impairment in adults with DD. Our finding thus
indicates that the temporal deficits in orientation of attention in
this population are not restricted to childhood and, therefore,
persist into adulthood. Our study contrasts with other works
(Judge et al., 2007, 2013; Moores et al., 2015), which found similar
RTs in adults with DD and controls in tasks requiring rapid
orientation of attention. This discrepant result can be accounted
in terms of spatial position of the stimuli. In these studies, the
eccentricities at which the stimuli were presented ranged from
0.7° (Moores et al., 2015) to 9° (Judge et al., 2007) of visual angle.
The eccentricities tested in the current study were substantially
larger, with a minimum of 8° and a maximum of 14°. If DD
patients suffer from anomalous peripheral spatial distribution of
attention, this fact can by itself indicate that this discrepancy is
only apparent, and may be due to the herein proposed distinct
structure of spatial attention.

Actually, the hypothesis of abnormal spatial distribution of
attention in the peripheral visual field of DD adults is supported
by the two additional main findings of this study. First, DD
adults showed abnormal eccentricity effects, reflecting a wider
distribution of attention than controls. Such pattern has been
already described in children with DD (Facoetti et al., 2000a).
However, previous studies (Judge et al., 2007; Moores et al.,
2015) have found similar effects of eccentricity in adults with and
without DD. Nonetheless, the eccentricities tested corresponded
to foveal, parafoveal, and perifoveal processing, while the present
study used more peripheral eccentricities, outside of the macular
zone (Strasburger et al., 2011). Our finding, therefore, adds to
previous evidence by showing that the abnormal distribution of
peripheral visual attention observed is present in adults thereby
persisting beyond development.

The second finding that supports an atypical spatial
distribution of visual attention in DD adults is that attentional
cueing effects in DD are dependent on viewing eccentricity. In
accordance with previous studies (Posner, 1980; Posner et al.,
1980), normal reading adults showed cue effects at all levels
of eccentricity. On the contrary, RTs of dyslexic adults could
only benefit from valid cues (i.e., show facilitation effects) when
stimuli were presented at less peripheral eccentricities. Thus, DD
adults are not capable of efficiently using valid cues to rapidly
direct attention to more peripheral eccentricities, suggesting an
attentional engagement deficit at far periphery (Posner et al.,
1984). This result is in accordance with that of Moores et al.
(2015) who found an indication that DD adults need more time
to focus attention to far eccentricities. However, it is important to
note that Roach and Hogben (2004) found a similar impairment
at lower eccentricities. Nonetheless, their task included distractor
stimuli in set sizes up to 16 elements, which likely brought
an increment of difficulty to DD adults since it is known that
crowding affects DD more than controls (Moores et al., 2011).

It is important to note that reading experience can influence
perceptual and cognitive functions, also in adult brains (Dehaene
etal., 2015). However, given the fairly high reading experience of
our dyslexic sample (mean years of education/instruction above
15 years, at least university attendance), it is very unlikely that
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FIGURE 4 | Average response times (ms) for the 3 types of cues (valid, invalid and neutral) at two levels of eccentricity (8°-10° and 12°-14°) for dyslexics and

controls. Error bars indicate +SE.
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the present results are merely consequence of reduced reading
exposition in dyslexic group.

Along with attention impairments, phonological awareness
(e.g., Snowling, 1981) and automatization (Nicolson et al,
2001) deficits are known to be also present in DD individuals.
Interestingly, on one hand, since orienting of attention is crucial
to the selection and segmentation of stimuli, deficits on this
mechanism may precede the difficulties of dyslexics on the
perception and manipulation of phonemes. On the other hand,
given the automatic nature of the orienting deficits found in this
study, such deficits are consistent with the automatization deficits
also found in this condition.

Our findings are also consistent with the notion that covert
attention mechanisms, as measured by Posner-like paradigms,
operate in a distinct manner in central and peripheral vision
in health and disease, as also observed in a previous study
from our group in Parkinson disease (Sampaio et al., 2011). In
that study we found impaired high-level attentional modulation
of contrast sensitivity in the visual periphery (up to 15°),
where mechanisms of covert attention are at higher demands.
A critical role for peripheral vision is justified by the fact
that it can be used to make a snapshot of the local context
(van Asselen and Castelo-Branco, 2009).

A limitation of the present study refers to the lack of an
assessment of attention with a conventional attention test, such
as the d2 test (Brickenkamp and Zillmer, 1998). However,
although one may expect a relationship between results on
conventional attention tests and on the task performed in this
study, the specific mechanism of attention targeted in this
work (exogenous orienting of attention) is not covered by
such tests. The characteristics of this mechanism (involuntary,
automatic, rapid, and stimulus-driven) hinders its assessment
by conventional attention tests and, from our knowledge, there
are no commercial tests developed to evaluate it. Nonetheless,
one may expect significant correlations between results on the
experimental task and on conventional attention tests, due to the
involvement in both cases of processes such as sustained attention

and processing and perceptual speed, that are assessed on classical
and widely used attention tests.

Finally, we speculate that our results may be interpreted
within the framework of the role of right posterior parietal
cortex in spatial attention. Particularly, the right temporo-
parietal junction (TPJ) is known to be involved in the network
responsible for exogenous orienting of attention (Corbetta
and Shulman, 2002, 2011). Consistent with the hypothesis of
a right posterior parietal dysfunction in dyslexia (e.g., Hari
et al, 1999; Facoetti et al, 2001), some studies observed
deficient activations in the right TPJ in dyslexics when
performing phonological decoding tasks (e.g., Hoeft et al,
2006). Moreover, a very recent study (Lazzaro et al., 2021) has
shown significant effects of tDCS on temporo-parietal regions
either on reading performance as on visuo-spatial skills of
dyslexic children and adolescents. Overall, the findings of the
present study endorse this hypothesis by showing that the
mechanisms of rapid orienting of spatial attention are impaired
in adults with DD.

CONCLUSION

In the present study we found that adults with dyslexia exhibit
global temporal deficits in a task requiring orientation of
attention. Moreover, we showed that an abnormal peripheral
spatial distribution of attention is also not restricted to children
with dyslexia and persists into adulthood. Overall, our results
suggest an impairment of the neural network underlying
selective spatial attention (rooted at right posterior parietal
regions) in dyslexia.

DATA AVAILABILITY STATEMENT

The raw data supporting the conclusions of this article will be
made available by the authors, without undue reservation.

Frontiers in Psychology | www.frontiersin.org

November 2021 | Volume 12 | Article 769237


https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Pina Rodrigues et al.

Abnormal Exogenous Attention in Dyslexia

ETHICS STATEMENT

The studies involving human participants were reviewed and
approved by Ethics Committee of the Faculty of Medicine of the
University of Coimbra. The patients/participants provided their
written informed consent to participate in this study.

AUTHOR CONTRIBUTIONS

AP, MC-B, and MA designed the study. AP collected and
analyzed the data. All authors discussed the results. AP wrote the
manuscript with input from MC-B and MA.

REFERENCES

Baier, B., Dieterich, M., Stoeter, P., Birklein, F., and Muller, N. G. (2010).
Anatomical correlate of impaired covert visual attentional processes in patients
with cerebellar lesions. J. Neurosci. 30, 3770-3776. doi: 10.1523/]NEUROSCI.
0487-09.2010

Banfi, C.,, Kemény, F., Gangl, M., Schulte-Kérne, G., Moll, K., and Landerl,
K. (2017). Visuo-spatial cueing in children with differential reading
and spelling profiles. PLoS One 12:€0180358. doi: 10.1371/journal.pone.
0180358

Bosse, M.-L., Tainturier, M. J., and Valdois, S. (2007). Developmental dyslexia: the
visual attention span deficit hypothesis. Cognition 104, 198-230. doi: 10.1016/j.
cognition.2006.05.009

Bouma, H. (1970). Interaction effects in parafoveal letter recognition. Nature 226,
177-178. doi: 10.1038/226177a0

Bouma, H., and Legein, C. P. (1977). Foveal and parafoveal recognition of letters
and words by dyslexics and by average readers. Neuropsychologia 15, 69-80.
doi: 10.1016/0028-3932(77)90116-6

Brannan, J. R., and Williams, M. C. (1987). Allocation of visual attention in
good and poor readers. Percept. Psychophys. 41, 23-28. doi: 10.3758/BF0320
8209

Brickenkamp, R., and Zillmer, E. (1998). The d2 Test of Attention. Seattle, WA:
Hogrefe & Huber Publishers.

Callens, M., Whitney, C., Tops, W., and Brysbaert, M. (2013). No deficiency
in left-to-right processing of words in dyslexia but evidence for enhanced
visual crowding. Q. J. Exp. Psychol. 66, 1803-1817. doi: 10.1080/17470218.2013.
766898

Carroll, J. M., Solity, J., and Shapiro, L. R. (2016). Predicting dyslexia using
prereading skills: the role of sensorimotor and cognitive abilities. J. Child
Psychol. Psychiatry 57, 750-758. doi: 10.1111/jcpp.12488

Castro, S. L., Cald, S., and Gomes, I. (2007). PALPA-P - Provas de Avali¢do da
Linguagem e da Afasia em Portugués. Lisboa: CEGOC.

Cestnick, L., and Coltheart, M. (1999). The relationship between language-
processing and visual-processing deficits in developmental dyslexia. Cognition
71, 231-255. doi: 10.1016/S0010-0277(99)00023-2

Cheal, M., and Lyon, D. R. (1991). Central and peripheral precuing of forced-
choice discrimination. Q. J. Exp. Psychol. A 43, 859-880. doi: 10.1080/
14640749108400960

Corbetta, M., and Shulman, G. L. (2002). Control of goal-directed and stimulus-
driven attention in the brain. Nat. Rev. Neurosci. 3, 215-229. doi: 10.1038/
nrn755

Corbetta, M., and Shulman, G. L. (2011). Spatial neglect and attention networks.
Annu. Rev. Neurosci. 34, 569-599. doi: 10.1146/annurev-neuro-061010-
113731

Cornelissen, P., Richardson, A., and Mason, A. (1995). Contrast sensitivity and
coherent motion detection measured at photopic luminance levels in dyslexics
and controls. Vision Res. 35, 1483-1494.

Dautrich, B. R. (1993). Visual perceptual differences in the dyslexic reader: evidence
of greater visual peripheral sensitivity to color and letter stimuli. Percept. Mot.
Skills 76(3 Pt 1), 755-764.

FUNDING

This research was funded by Foundation for Science
and Technology Portugal under grants UIDP/4950/2020,
UIDB/4950/2020, and PTDC/PSI-GER/1326/2020.

ACKNOWLEDGMENTS

The authors would like to thank Marcelino Pereira for the help
in patient recruitment and José Rebola for comments on an early
draft.

Dehaene, S., Cohen, L., Morais, J., and Kolinsky, R. (2015). Illiterate to literate:
behavioural and cerebral changes induced by reading acquisition. Nat. Rev.
Neurosci. 16, 234-244. doi: 10.1038/nrn3924

Facoetti, A. (2012). “Spatial attention disorders in developmental dyslexia: towards
the prevention of reading acquisition deficits,” in Visual Aspect of Dyslexia, eds
J. Stein and Z. Kapoula (Oxford: Oxford University Press).

Facoetti, A., Lorusso, M. L., Cattaneo, C., Galli, R., and Molteni, M. (2005).
Visual and auditory attentional capture are both sluggish in children with
developmental dyslexia. Acta Neurobiol. Exp. 65, 61-72.

Facoetti, A., Lorusso, M. L., Paganoni, P., Cattaneo, C., Galli, R., and Mascetti,
G. G. (2003a). The time course of attentional focusing in dyslexic and normally
reading children. Brain Cogn. 53, 181-184. doi: 10.1016/S0278-2626(03)00
105-2

Facoetti, A., Lorusso, M. L., Paganoni, P., Cattaneo, C., Galli, R, Umilta, C,, et al.
(2003b). Auditory and visual automatic attention deficits in developmental
dyslexia. Cogn. Brain Res. 16, 185-191. doi: 10.1016/50926-6410(02)
00270-7

Facoetti, A., and Molteni, M. (2001). The gradient of visual attention in
developmental dyslexia. Neuropsychologia 39, 352-357.

Facoetti, A., Paganoni, P., Turatto, M., Marzola, V., and Mascetti, G. G. (2000b).
Visual-spatial attention in developmental dyslexia. Cortex 36, 109-123.

Facoetti, A., Paganoni, P., and Lorusso, M. L. (2000a). The spatial distribution
of visual attention in developmental dyslexia. Exp. Brain Res. 132, 531-538.
doi: 10.1007/s002219900330

Facoetti, A., Trussardi, A. N., Ruffino, M., Lorusso, M. L., Cattaneo, C., Galli,
R, et al. (2010). Multisensory spatial attention deficits are predictive of
phonological decoding skills in developmental dyslexia. J. Cogn. Neurosci. 22,
1011-1025. doi: 10.1162/jocn.2009.21232

Facoetti, A., and Turatto, M. (2000). Asymmetrical visual fields distribution of
attention in dyslexic children: a neuropsychological study. Neurosci. Lett. 290,
216-218.

Facoetti, A., Turatto, M., Lorusso, M. L., and Mascetti, G. G. (2001). Orienting
of visual attention in dyslexia: evidence for asymmetric hemispheric control of
attention. Exp. Brain Res. 138, 46-53. doi: 10.1007/s002210100700

Facoetti, A., Zorzi, M., Cestnick, L., Lorusso, M. L., Molteni, M., Paganoni, P.,
et al. (2006). The relationship between visuo-spatial attention and nonword
reading in developmental dyslexia. Cogn. Neuropsychol. 23, 841-855. doi: 10.
1080/02643290500483090

Franceschini, S., Gori, S., Ruffino, M., Pedrolli, K., and Facoetti, A. (2012). A causal
link between visual spatial attention and reading acquisition. Curr. Biol. 22,
814-819. doi: 10.1016/j.cub.2012.03.013

Franceschini, S., Gori, S., Ruffino, M., Viola, S., Molteni, M., and Facoetti, A. (2013).
Action video games make dyslexic children read better. Curr. Biol. 23, 462-466.
doi: 10.1016/j.cub.2013.01.044

Fuller, S., Rodriguez, R. Z., and Carrasco, M. (2008). Apparent contrast differs
across the vertical meridian: visual and attentional factors. J. Vis. 8, 16.1-16.
doi: 10.1167/8.1.16

Gabrieli, J. D. E., and Norton, E. S. (2012). Reading abilities: importance of
visual-spatial attention. Curr. Biol. 22, R298-R299. doi: 10.1016/j.cub.2012.
03.041

Frontiers in Psychology | www.frontiersin.org

November 2021 | Volume 12 | Article 769237


https://doi.org/10.1523/JNEUROSCI.0487-09.2010
https://doi.org/10.1523/JNEUROSCI.0487-09.2010
https://doi.org/10.1371/journal.pone.0180358
https://doi.org/10.1371/journal.pone.0180358
https://doi.org/10.1016/j.cognition.2006.05.009
https://doi.org/10.1016/j.cognition.2006.05.009
https://doi.org/10.1038/226177a0
https://doi.org/10.1016/0028-3932(77)90116-6
https://doi.org/10.3758/BF03208209
https://doi.org/10.3758/BF03208209
https://doi.org/10.1080/17470218.2013.766898
https://doi.org/10.1080/17470218.2013.766898
https://doi.org/10.1111/jcpp.12488
https://doi.org/10.1016/S0010-0277(99)00023-2
https://doi.org/10.1080/14640749108400960
https://doi.org/10.1080/14640749108400960
https://doi.org/10.1038/nrn755
https://doi.org/10.1038/nrn755
https://doi.org/10.1146/annurev-neuro-061010-113731
https://doi.org/10.1146/annurev-neuro-061010-113731
https://doi.org/10.1038/nrn3924
https://doi.org/10.1016/S0278-2626(03)00105-2
https://doi.org/10.1016/S0278-2626(03)00105-2
https://doi.org/10.1016/S0926-6410(02)00270-7
https://doi.org/10.1016/S0926-6410(02)00270-7
https://doi.org/10.1007/s002219900330
https://doi.org/10.1162/jocn.2009.21232
https://doi.org/10.1007/s002210100700
https://doi.org/10.1080/02643290500483090
https://doi.org/10.1080/02643290500483090
https://doi.org/10.1016/j.cub.2012.03.013
https://doi.org/10.1016/j.cub.2013.01.044
https://doi.org/10.1167/8.1.16
https://doi.org/10.1016/j.cub.2012.03.041
https://doi.org/10.1016/j.cub.2012.03.041
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Pina Rodrigues et al.

Abnormal Exogenous Attention in Dyslexia

Geiger, G., Cattaneo, C., Galli, R., Pozzoli, U., Lorusso, M. L., Facoetti, A., et al.
(2008). Wide and diffuse perceptual modes characterize dyslexics in vision and
audition. Perception 37, 1745-1764. doi: 10.1068/p6036

Geiger, G., and Lettvin, J. Y. (1987). Peripheral vision in persons with dyslexia.
N. Engl. J. Med. 316, 1238-1243. doi: 10.1056/NEJM198705143162003

Geiger, G., Lettvin, J. Y., and Zegarra-Moran, O. (1992). Task-determined strategies
of visual process. Cogn. Brain Res. 1, 39-52. doi: 10.1016/0926-6410(92)
90004-B

Gori, S., and Facoetti, A. (2015). How the visual aspects can be crucial in reading
acquisition? The intriguing case of crowding and developmental dyslexia. J. Vis.
15:15.1.8. doi: 10.1167/15.1.8

Gori, S., Seitz, A. R., Ronconi, L., Franceschini, S., and Facoetti, A. (2016). Multiple
causal links between magnocellular-dorsal pathway deficit and developmental
dyslexia. Cereb. Cortex 26, 4356-4369. doi: 10.1093/cercor/bhv206

Hari, R., and Renvall, H. (2001). Impaired processing of rapid stimulus sequences
in dyslexia. Trends Cogn. Sci. 5, 525-532.

Hari, R., Valta, M., and Uutela, K. (1999). Prolonged attentional dwell time
in dyslexic adults. Neurosci. Lett. 271, 202-204. doi: 10.1016/S0304-3940(99)
00547-9

Hoeft, F., Hernandez, A., McMillon, G., Taylor-Hill, H., Martindale, J. L., Meyler,
A., et al. (2006). Neural basis of dylexia: a comparison between dyslexic
children and non-dyslexic children equated for reading ability. J. Neurosci. 26,
10700-10708. doi: 10.1523/JNEUROSCI.4931-05.2006

Iles, J., Walsh, V., and Richardson, A. (2000). Visual search performance in
dyslexia. Dyslexia 6, 163-177. doi: 10.1002/1099-0909(200007/09)6:3<163::
AID-DYS150<3.0.CO;2-U

Judge, J., Caravolas, M., and Knox, P. C. (2007). Visual attention in adults with
developmental dyslexia: evidence from manual reaction time and saccade
latency. Cogn. Neuropsychol. 24, 260-278. doi: 10.1080/02643290601181791

Judge, J., Knox, P. C., and Caravolas, M. (2013). Spatial orienting of attention
in dyslexic adults using directional and alphabetic cues. Dyslexia 19, 55-75.
doi: 10.1002/dys.1452

Kinsey, K., Rose, M., Hansen, P., Richardson, A., and Stein, J. (2004). Magnocellular
mediated visual-spatial attention and reading ability. Neuroreport 15, 2215-
2218. doi: 10.1097/00001756-200410050-00014

Krause, M. B. (2015). Pay attention!: sluggish multisensory attentional shifting as a
core deficit in developmental dyslexia. Dyslexia 21, 285-303. doi: 10.1002/dys.
1505

Lallier, M., Tainturier, M.-J., Dering, B., Donnadieu, S., Valdois, S., and Thierry, G.
(2010). Behavioral and ERP evidence for amodal sluggish attentional shifting
in developmental dyslexia. Neuropsychologia 48, 4125-4135. doi: 10.1016/j.
neuropsychologia.2010.09.027

Laycock, R., Crewther, D. P., and Crewther, S. G. (2012). Abrupt and ramped
flicker-defined form shows evidence for a large magnocellular impairment
in dyslexia. Neuropsychologia 50, 2107-2113. doi: 10.1016/j.neuropsychologia.
2012.05.012

Lazzaro, G., Bertoni, S., Menghini, D., Costanzo, F., Franceschini, S., Varuzza, C.,
et al. (2021). Beyond reading modulation: temporo-parietal tdcs alters visuo-
spatial attention and motion perception in dyslexia. Brain Sci. 11:263. doi:
10.3390/brainscil1020263

Livingstone, M. S., Rosen, G. D., Drislane, F. W., and Galaburda, A. M.
(1991). Physiological and anatomical evidence for a magnocellular defect in
developmental dyslexia. Proc. Natl. Acad. Sci. U. S. A. 88, 7943-7947.

Lorusso, M. L., Facoetti, A., Pesenti, S., Cattaneo, C., Molteni, M., and Geiger,
G. (2004). Wider recognition in peripheral vision common to different
subtypes of dyslexia. Vision Res. 44, 2413-2424. doi: 10.1016/j.visres.2004.
05.001

Martelli, M., Di Filippo, G., Spinelli, D., and Zoccolotti, P. (2009). Crowding,
reading, and developmental dyslexia. J. Vis. 9, 14.1-18. doi: 10.1167/9.4.14

Mateus, C., Lemos, R., Silva, M. F,, Reis, A., Fonseca, P., Oliveiros, B., et al. (2013).
Aging of low and high level vision: from chromatic and achromatic contrast
sensitivity to local and 3D object motion perception. PLoS One 8:¢55348. doi:
10.1371/journal.pone.0055348

McCandliss, B. D., Cohen, L., and Dehaene, S. (2003). The visual word form
area: expertise for reading in the fusiform gyrus. Trends Cogn. Sci. 7, 293-299.
doi: 10.1016/S1364-6613(03)00134-7

McCormick, P. (1997). Orienting attention without awareness. J. Exp. Psychol.
Hum. Percept. Perform. 23, 168-180.

Moores, E., Cassim, R., and Talcott, J. B. (2011). Adults with dyslexia exhibit large
effects of crowding, increased dependence on cues, and detrimental effects of
distractors in visual search tasks. Neuropsychologia 49, 3881-3890. doi: 10.1016/
j.neuropsychologia.2011.10.005

Moores, E., Tsouknida, E., and Romani, C. (2015). Adults with dyslexia can use
cues to orient and constrain attention but have a smaller and weaker attention
spotlight. Vision Res. 111, 55-65. doi: 10.1016/j.visres.2015.03.019

Nakayama, K., and MacKeben, M. (1989). Sustained and transient components of
focal visual attention. Vision Res. 29, 1631-1647.

Nicolson, R., and Fawcett, A. (2005). Developmental dyslexia, learning and the
cerebellum. J. Neural. Transm. Suppl. 69, 19-36.

Nicolson, R., Fawcett, A., and Dean, P. (2001). Developmental dyslexia: the
cerebellar deficit hypothesis. Trends Neurosci. 24, 508-511.

Pernet, C., Valdois, S., Celsis, P., and Demonet, J. F. (2006). Lateral masking,
levels of processing and stimulus category: a comparative study between
normal and dyslexic readers. Neuropsychologia 44, 2374-2385. doi: 10.1016/j.
neuropsychologia.2006.05.003

Perry, A. R, Dember, W. N., Warm, J. S., and Sacks, J. G. (1989). Letter
identification in normal and dyslexic readers: a verification. Bull. Psychon. Soc.
27, 445-448. doi: 10.3758/BF03334651

Perry, C., Ziegler, J. C., and Zorzi, M. (2007). Nested incremental modeling in
the development of computational theories: the CDP+ model of reading aloud.
Psychol. Rev. 114, 273-315. doi: 10.1037/0033-295X.114.2.273

Pina Rodrigues, A., Rebola, J., Jorge, H., Ribeiro, M. J., Pereira, M., Castelo-Branco,
M., et al. (2017a). Evidence for a differential interference of noise in sub-
lexical and lexical reading routes in healthy participants and dyslexics. Cogn.
Neuropsychol. 34, 42-51. doi: 10.1080/02643294.2017.1299001

Pina Rodrigues, A., Rebola, J., Jorge, H., Ribeiro, M. J., Pereira, M., van Asselen,
M., et al. (2017b). Visual perception and reading: new clues to patterns of
dysfunction across multiple visual channels in developmental dyslexia. Invest.
Ophthalmol. Vis. Sci. 58, 309-317. doi: 10.1167/i0vs.16-20095

Posner, M. I. (1980). Orienting of attention. Q. J. Exp. Psychol. 32, 3-25.

Posner, M. I, Snyder, C. R., and Davidson, B. J. (1980). Attention and the detection
of signals. J. Exp. Psychol. Gen. 109, 160-174. doi: 10.1037/0096-3445.109.2.160

Posner, M. 1., Walker, J. A., Friedrich, F. J., and Rafal, R. D. (1984). Effects of
parietal injury on covert orienting of attentionl. J. Neurosci. 4, 1863-1874.
doi: 10.1136/jnnp.72.1.73

Raven, J., Court, J., and Raven, J. (1976). Manual for Raven’s Progressive Matrices.
London: H. K. Lewis.

Reynolds, M., and Besner, D. (2006). Reading aloud is not automatic: processing
capacity is required to generate a phonological code from print. J. Exp. Psychol.
Hum. Percept. Perform. 32, 1303-1323.

Ribeiro, M. J., Violante, I. R., Bernardino, I, Ramos, F., Saraiva, J., Reviriego,
P., et al. (2012). Abnormal achromatic and chromatic contrast sensitivity in
neurofibromatosis type 1. Invest. Ophthalmol. Vis. Sci. 53, 287-293. doi: 10.
1167/iovs.11-8225

Roach, N. W.,, and Hogben, J. H. (2004). Attentional modulation of visual
processing in adult dyslexia. Psychol. Sci. 15, 650-654.

Roach, N. W,, and Hogben, J. H. (2008). Spatial cueing deficits in dyslexia reflect
generalised difficulties with attentional selection. Vision Res. 48, 193-207. doi:
10.1016/j.visres.2007.11.001

Rosen, A. C., Rao, S. M., Caffarra, P., Scaglioni, A., Bobholz, J. A., Woodley,
S. J., et al. (1999). Neural basis of endogenous and exogenous spatial
orienting: a functional MRI study. J. Cogn. Neurosci. 11, 135-152. doi: 10.1162/
089892999563283

Rovamo, J., and Virsu, V. (1979). An estimation and application of the human
cortical magnification factor. Exp. Brain Res. 37, 495-510. doi: 10.1007/
BF00236819

Ruffino, M., Gori, S., Boccardi, D., Molteni, M., and Facoetti, A. (2014). Spatial
and temporal attention in developmental dyslexia. Front. Hum. Neurosci. 8:331.
doi: 10.3389/fnhum.2014.00331

Ruffino, M., Trussardi, A. N., Gori, S., Finzi, A., Giovagnoli, S., Menghini, D., et al.
(2010). Attentional engagement deficits in dyslexic children. Neuropsychologia
48, 3793-3801. doi: 10.1016/j.neuropsychologia.2010.09.002

Sampaio, J., Bobrowicz-Campos, E., André, R., Almeida, 1., Faria, P., Janudrio,
C., et al. (2011). Specific impairment of visual spatial covert attention
mechanisms in Parkinson’s disease. Neuropsychologia 49, 34-42. doi: 10.1016/j.
neuropsychologia.2010.11.002

Frontiers in Psychology | www.frontiersin.org

November 2021 | Volume 12 | Article 769237


https://doi.org/10.1068/p6036
https://doi.org/10.1056/NEJM198705143162003
https://doi.org/10.1016/0926-6410(92)90004-B
https://doi.org/10.1016/0926-6410(92)90004-B
https://doi.org/10.1167/15.1.8
https://doi.org/10.1093/cercor/bhv206
https://doi.org/10.1016/S0304-3940(99)00547-9
https://doi.org/10.1016/S0304-3940(99)00547-9
https://doi.org/10.1523/JNEUROSCI.4931-05.2006
https://doi.org/10.1002/1099-0909(200007/09)6:3<163::AID-DYS150<3.0.CO;2-U
https://doi.org/10.1002/1099-0909(200007/09)6:3<163::AID-DYS150<3.0.CO;2-U
https://doi.org/10.1080/02643290601181791
https://doi.org/10.1002/dys.1452
https://doi.org/10.1097/00001756-200410050-00014
https://doi.org/10.1002/dys.1505
https://doi.org/10.1002/dys.1505
https://doi.org/10.1016/j.neuropsychologia.2010.09.027
https://doi.org/10.1016/j.neuropsychologia.2010.09.027
https://doi.org/10.1016/j.neuropsychologia.2012.05.012
https://doi.org/10.1016/j.neuropsychologia.2012.05.012
https://doi.org/10.3390/brainsci11020263
https://doi.org/10.3390/brainsci11020263
https://doi.org/10.1016/j.visres.2004.05.001
https://doi.org/10.1016/j.visres.2004.05.001
https://doi.org/10.1167/9.4.14
https://doi.org/10.1371/journal.pone.0055348
https://doi.org/10.1371/journal.pone.0055348
https://doi.org/10.1016/S1364-6613(03)00134-7
https://doi.org/10.1016/j.neuropsychologia.2011.10.005
https://doi.org/10.1016/j.neuropsychologia.2011.10.005
https://doi.org/10.1016/j.visres.2015.03.019
https://doi.org/10.1016/j.neuropsychologia.2006.05.003
https://doi.org/10.1016/j.neuropsychologia.2006.05.003
https://doi.org/10.3758/BF03334651
https://doi.org/10.1037/0033-295X.114.2.273
https://doi.org/10.1080/02643294.2017.1299001
https://doi.org/10.1167/iovs.16-20095
https://doi.org/10.1037/0096-3445.109.2.160
https://doi.org/10.1136/jnnp.72.1.73
https://doi.org/10.1167/iovs.11-8225
https://doi.org/10.1167/iovs.11-8225
https://doi.org/10.1016/j.visres.2007.11.001
https://doi.org/10.1016/j.visres.2007.11.001
https://doi.org/10.1162/089892999563283
https://doi.org/10.1162/089892999563283
https://doi.org/10.1007/BF00236819
https://doi.org/10.1007/BF00236819
https://doi.org/10.3389/fnhum.2014.00331
https://doi.org/10.1016/j.neuropsychologia.2010.09.002
https://doi.org/10.1016/j.neuropsychologia.2010.11.002
https://doi.org/10.1016/j.neuropsychologia.2010.11.002
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

Pina Rodrigues et al.

Abnormal Exogenous Attention in Dyslexia

Snowling, M. (1981). Phonemic deficits in developmental dyslexia. Psychol. Res. 43,
219-234.

Sperling, A. J., Lu, Z.-L., Manis, F. R, and Seidenberg, M. S. (2005). Deficits in
perceptual noise exclusion in developmental dyslexia. Nat. Neurosci. 8, 862-863.
doi: 10.1038/nn1474

Sperling, A. J., Lu, Z.-L., Manis, F. R., and Seidenberg, M. S. (2006). Motion-
perception deficits and reading impairment. Psychol. Sci. 17, 1047-1053. doi:
10.1111/j.1467-9280.2006.01825.x

Spinelli, D., De Luca, M., Judica, A., and Zoccolotti, P. (2002). Crowding effects
on word identification in developmental dyslexia. Cortex 38, 179-200. doi:
10.1016/S0010-9452(08)70649-X

Stein, J., and Walsh, V. (1997). To see but not to read; the magnocellular theory of
dyslexia. Trends Neurosci. 20, 147-152.

Strasburger, H., Rentschler, I, and Juttner, M. (2011). Peripheral vision and pattern
recognition: a review. J. Vis. 11:13. doi: 10.1167/11.5.13

Striemer, C. L., Chouinard, P. A., Goodale, M. A., and de Ribaupierre, S.
(2015b). Overlapping neural circuits for visual attention and eye movements
in the human cerebellum. Neuropsychologia 69, 9-21. doi: 10.1016/j.
neuropsychologia.2015.01.024

Striemer, C. L., Cantelmi, D., Cusimano, M. D., and Danckert, J. A. (2015a). Deficits
in reflexive covert attention following cerebellar injury. Front. Hum. Neurosci.
9:428. doi: 10.3389/fnhum.2015.00428

Talcott, J. B., Witton, C., Hebb, G. S., Stoodley, C. J., Westwood, E. A., France,
S. J., et al. (2002). On the relationship between dynamic visual and auditory
processing and literacy skills; results from a large primary-school study.
Dyslexia 8, 204-225. doi: 10.1002/dys.224

Valdois, S., Bosse, M.-L., and Tainturier, M.-]. (2004). The cognitive deficits
responsible for developmental dyslexia: review of evidence for a selective visual
attentional disorder. Dyslexia 10, 339-363. doi: 10.1002/dys.284

Valdois, S., Roulin, J. L., and Line Bosse, M. (2019). Visual attention modulates
reading acquisition. Vis. Res. 165, 152-161. doi: 10.1016/j.visres.2019.10.011

van Asselen, M., and Castelo-Branco, M. (2009). The role of peripheral vision in
implicit contextual cuing. Percept. Psychophys. 71, 76-81. doi: 10.3758/APP.
71.1.76

Vidyasagar, T. R. (1999). A neuronal model of attentional spotlight: parietal guiding
the temporal. Brain Res. Rev. 30, 66-76.

Vidyasagar, T. R. (2019). Visual attention and neural oscillations in
reading and dyslexia: are they possible targets for remediation?
Neuropsychologia 130, 59-65. doi:  10.1016/j.neuropsychologia.2019.
02.009

Vidyasagar, T. R., and Pammer, K. (2010). Dyslexia: a deficit in visuo-spatial
attention, not in phonological processing. Trends Cogn. Sci. 14, 57-63. doi:
10.1016/j.tics.2009.12.003

Whitney, C., and Cornelissen, P. (2005). Letter-position encoding and

dyslexia. J. Res. Read. 28, 274-301. doi: 10.1111/j.1467-9817.2005.0
0270.x

Ziegler, J. C., and Goswami, U. (2005). Reading acquisition, developmental
dyslexia, and skilled reading across languages: a psycholinguistic
grain size theory. Psychol. Bull. 131, 3-29. doi: 10.1037/0033-2909.
131.1.3

Conflict of Interest: The authors declare that the research was conducted in the
absence of any commercial or financial relationships that could be construed as a
potential conflict of interest.

Publisher’s Note: All claims expressed in this article are solely those of the authors
and do not necessarily represent those of their affiliated organizations, or those of
the publisher, the editors and the reviewers. Any product that may be evaluated in
this article, or claim that may be made by its manufacturer, is not guaranteed or
endorsed by the publisher.

Copyright © 2021 Pina Rodrigues, Castelo-Branco and van Asselen. This is an open-
access article distributed under the terms of the Creative Commons Attribution
License (CC BY). The use, distribution or reproduction in other forums is permitted,
provided the original author(s) and the copyright owner(s) are credited and that the
original publication in this journal is cited, in accordance with accepted academic
practice. No use, distribution or reproduction is permitted which does not comply
with these terms.

Frontiers in Psychology | www.frontiersin.org

34

November 2021 | Volume 12 | Article 769237


https://doi.org/10.1038/nn1474
https://doi.org/10.1111/j.1467-9280.2006.01825.x
https://doi.org/10.1111/j.1467-9280.2006.01825.x
https://doi.org/10.1016/S0010-9452(08)70649-X
https://doi.org/10.1016/S0010-9452(08)70649-X
https://doi.org/10.1167/11.5.13
https://doi.org/10.1016/j.neuropsychologia.2015.01.024
https://doi.org/10.1016/j.neuropsychologia.2015.01.024
https://doi.org/10.3389/fnhum.2015.00428
https://doi.org/10.1002/dys.224
https://doi.org/10.1002/dys.284
https://doi.org/10.1016/j.visres.2019.10.011
https://doi.org/10.3758/APP.71.1.76
https://doi.org/10.3758/APP.71.1.76
https://doi.org/10.1016/j.neuropsychologia.2019.02.009
https://doi.org/10.1016/j.neuropsychologia.2019.02.009
https://doi.org/10.1016/j.tics.2009.12.003
https://doi.org/10.1016/j.tics.2009.12.003
https://doi.org/10.1111/j.1467-9817.2005.00270.x
https://doi.org/10.1111/j.1467-9817.2005.00270.x
https://doi.org/10.1037/0033-2909.131.1.3
https://doi.org/10.1037/0033-2909.131.1.3
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
http://creativecommons.org/licenses/by/4.0/
https://www.frontiersin.org/journals/psychology
https://www.frontiersin.org/
https://www.frontiersin.org/journals/psychology#articles

‘," frontiers
in Psychology

ORIGINAL RESEARCH
published: 02 December 2021
doi: 10.3389/fpsyg.2021.789413

OPEN ACCESS

Edited by:
Manuel Soriano-Ferrer,
University of Valencia, Spain

Reviewed by:

Isaias Martin-Ruiz,
Universidad de Malaga, Spain
Heikki Juhani Lyytinen,

Niilo Méki institute, Finland

*Correspondence:
Luis Faisca
Ifaisca@ualg.pt

Specialty section:

This article was submitted to
Educational Psychology,

a section of the journal
Frontiers in Psychology

Received: 04 October 2021
Accepted: 08 November 2021
Published: 02 December 2021

Citation:
Goncgalves F, Reis A, Inacio F,
Morais IS and Faisca L (2021)

Reading Comprehension Predictors

in European Portuguese Adults.
Front. Psychol. 12:789413.
doi: 10.3389/fosyg.2021.789413

Check for
updates

Reading Comprehension Predictors
in European Portuguese Adults

Fabio Gongalves', Alexandra Reis'?, Filomena Inacio’?, Inés Salomé Morais™? and
Luis Faisca'’?*

"Faculdade de Ciéncias Humanas e Sociais, Departamento de Psicologia e Ciéncias da Educacgéo, Universidade do Algarve,
Faro, Portugal, ?Center for Research in Health Technologies and Information Systems (CINTESIS-UAIg), Universidade do
Algarve, Faro, Portugal

Research on the predictors of reading comprehension has been largely focused on
school-aged children and mainly in opaque orthographies, hindering the generalization
of the results to adult populations and more transparent orthographies. In the present
study, we aim to test two versions of the Simple View of Reading (SVR): the original model
and an extended version, including reading fluency and vocabulary. Additional mediation
models were analyzed to verify if other reading comprehension predictors (rapid
automatized naming, phonological decoding, phonological awareness, morphological
awareness, and working memory) have direct effects or if they are mediated through word
reading and reading fluency. A sample of 67 typical adult Portuguese readers participated
in this study. The SVR model accounted for 27 % of the variance in reading comprehension,
with oral language comprehension displaying a larger contribution than word reading. In
the extended SVR model, reading fluency and vocabulary provided an additional and
significant contribution of 7% to the explained variance. Moreover, vocabulary influenced
reading comprehension directly and indirectly, via oral language comprehension. In the
final mediation model, the total mediation hypothesis was rejected, and only morphological
awareness showed a direct effect on reading comprehension. These results provide
preliminary evidence that the SVR (with the possible addition of vocabulary) might be a
reliable model to explain reading comprehension in adult typical readers in a semitransparent
orthography. Furthermore, oral language comprehension and vocabulary were the best
predictors in the study, suggesting that remediation programs addressing reading
comprehension in adults should promote these abilities.

Keywords: reading comprehension, path-analysis, adult typical readers,

European Portuguese

simple view of reading,

INTRODUCTION

Reading comprehension is the ultimate goal of reading, although it remains an understudied
subject when compared to word-level processes (Barquero and Cutting, 2021). One can define
reading comprehension as the ability to draw and construct meaning from the text (Snow
and RAND Reading Study Group, 2002) through an interactive process whereupon the reader
extracts explicit information or infers implicit information through textual cues or the activation
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of background knowledge (Day and Park, 2005). Adequate
reading comprehension is essential for academic achievement,
social and cultural participation, and successful functioning
in contemporary societies (Cavalli et al, 2019; Hjetland
et al., 2020).

Despite its central importance in adults’ everyday life, most
reading comprehension studies focus on children, both with
and without learning disorders (Earle and Del Tufo, 2021).
However, children and adults might differ significantly in the
way they achieve reading comprehension. Adults have been
exposed to a larger quantity of textual material, because of
their extended life experience. Adults also have a greater
understanding of the different domains, such as vocabulary,
morphological and syntactic knowledge, and logical reasoning,
that support comprehension (Thompkins and Binder, 2003).
On the other hand, children allocate most of their cognitive
resources to decoding, since they are still learning the rules
of grapheme-phoneme conversion, leaving fewer resources
available for meaning extraction. The allocation of cognitive
resources to comprehend seems therefore to be different in
these age groups. Greenberg et al. (2002) compared adult
literacy students to school-aged children, matched for reading
level. When analyzing the groups’ performance on word and
non-word reading, spelling, and rhyme word detection tasks,
the authors found that children relied mostly on phonological
skills, whereas adults were more likely to call upon orthographic
knowledge and visual memory strategies. Thus, when confronted
with a word that could not be immediately read, children
would try to read it through grapheme-phoneme conversion,
while adults would typically try to guess the word by comparing
it to other words stored in their lexicon. The use of distinct
strategies by adults and children might reflect the different
cognitive processes that children and adults rely on when
reading. Models of reading comprehension should therefore
take these differences into account since models developed for
children might not be appropriate for adults.

The Simple View of Reading (SVR; Gough and Tunmer,
1986) is a prominent model of reading comprehension, based
on English-speaking school-aged children, that has been applied
to adults. The SVR postulates that decoding accuracy and oral
language comprehension can account for all the variance in
reading comprehension: while decoding skills translate print
into oral language, oral language comprehension skills make
sense of what is read (Gough and Tunmer, 1986). In children,
this combination has been shown to capture between 65 and
85% of the variance in reading comprehension (Catts et al,
2005). In adults, the SVR model accounted for a somehow
smaller fraction of the reading comprehension variance (34%
for a sample of college students; Macaruso and Shankweiler,
2010; and between 64 and 74%, for samples of struggling
adult readers; Braze et al., 2007; Sabatini et al., 2010; Talwar
et al., 2020).

However, the SVR has often been considered too “simple”
to explain such a complex construct as reading comprehension
and, consequently, several authors have proposed augmented
versions of the original model. Catts (2018) identified two
main research lines that argue for expanding the SVR model

by adding vocabulary and reading fluency, respectively.
Vocabulary is a subcomponent of oral language comprehension,
and there is no consensus if its contribution should be subsumed
within oral language comprehension or be considered as a
distinct component on its own. Gottardo et al. (2018) “unpacked”
oral language comprehension into three subcomponents
(vocabulary, morphology, and syntax) and found that each of
them captured both unique and shared amounts of variance
in reading comprehension. Using hierarchical regression models,
Braze et al. (2007) also found that vocabulary accounted for
unique variance in young adults reading comprehension,
independently from word reading and oral language
comprehension, thus supporting the addition of vocabulary to
the SVR. However, more recent studies, using latent variable
analyses, found that the effect of vocabulary on reading
comprehension was completely captured by oral language
comprehension (Braze et al,, 2016; Talwar et al, 2020), thus
supporting the opposite view that vocabulary should not
be added to the SVR model as a separate component, at least
in adults. These contradictory results fail to clarify the role
of vocabulary in the SVR, in adults, leaving the issue unresolved.

The SVR model has also been criticized for only considering
decoding accuracy but not a speed component such as reading
fluency (Fernandes et al.,, 2017). In children, the inclusion of
reading fluency in the SVR yielded inconsistent results, depending
on school grade or orthographic transparency (Catts, 2018).
In struggling adult readers, both Braze et al. (2007) and Sabatini
et al. (2010) found that reading fluency did not provide an
additional and significant contribution to reading comprehension,
beyond word reading and oral language comprehension. Mellard
et al. (2010) used a path analysis approach to test an extended
version of the SVR model in low literacy adults and showed
that while word reading accuracy had the strongest direct
influence on reading comprehension, reading fluency made
the second strongest direct contribution, being greater than
the oral language comprehension own contribution. Additionally,
Macaruso and Shankweiler (2010) found, in a college students’
sample, that reading fluency was the only predictor that accounted
for unique variance in reading comprehension over and above
decoding and listening comprehension. It seems that, for both
children and adults, the role of reading fluency in the SVR
is controversial.

The SVR also postulates that, as the reader acquires expertise,
it is expected that the main source of variability in reading
comprehension shifts from decoding accuracy to oral language
comprehension skills (Hoover and Gough, 1990). This shift
might be explained by the Perfetti’s Verbal Efficiency Theory
(Perfetti, 1985). According to this theory, the cognitive system
has limited capacity for decoding and comprehension
simultaneously; only when the reader can decode accurately
and fluently, the cognitive system can allocate sufficient free
attentional resources to the extraction of meaning from the
text. Indeed, Catts et al. (2005) found that the contribution
of oral language comprehension to reading comprehension
increases, while decoding accuracy contribution decreases, as
the child progresses through schooling and acquires reading
experience. During adolescence, word reading no longer appears
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to be an important predictor of individual differences in reading
comprehension (Foorman et al, 2015).

Nevertheless, and according to Florit and Cain (2011), this
shift from decoding accuracy to oral language comprehension
seems to be affected by the transparency of the orthographic
system. In more opaque orthographies, learning grapheme-
phoneme conversion rules is an arduous process, making fluent
reading possible only in later school years (Seymour et al.,
2003). Subsequently, decoding accuracy stays as the main source
of variability in reading comprehension until later in school,
when it begins to be replaced by oral language comprehension
(Catts et al,, 2005). On the other hand, in more transparent
orthographies, grapheme-phoneme conversion is simpler,
allowing readers to achieve fluent decoding earlier, and therefore
being able to focus on comprehension. In a study addressing
reading comprehension in  European Portuguese (a
semitransparent orthography), results showed that for children
in the second and fourth grades, oral language comprehension
was the strongest contributor to reading comprehension when
compared to decoding (Cadime et al., 2017). Also, in transparent
orthographies such as Finnish (Torppa et al., 2016) and Italian
(Tobia and Bonifacci, 2015), oral language comprehension comes
up as the main source of variability in reading comprehension
already in early grades, maintaining its preponderant influence
as the individual progresses through schooling. These studies
add evidence to the suggestion of Florit and Cain (2011) that
the transparency of orthography favors the early contribution
of oral language comprehension to reading comprehension.

Besides the two components of the SVR (word reading and
oral language comprehension), plus the two usual additions
to this model (vocabulary and reading fluency), several other
predictors have been considered as relevant for adult reading
comprehension. Given the lack of consensus about the relative
importance of such reading comprehension predictors, Tighe
and Schatschneider (2016) performed a meta-analysis of the
available literature and identified 10 constructs that should
be  considered: = morphological  awareness, language
comprehension, reading fluency, oral vocabulary knowledge,
real word decoding, working memory, pseudoword decoding,
orthographic knowledge, phonological awareness, and rapid
automatized naming (RAN). Although only using correlational
evidence from a small number of studies, this is the first
systematic review addressing the most important reading-related
predictors of reading comprehension in adulthood, and it reveals
the importance of considering other predictors to reading
comprehension beyond the ones assumed by the SVR model
(both standard and typically extended versions).

In the present study, we aim to examine the relevance of
several predictors to reading comprehension in European
Portuguese adult typical readers. Therefore, the SVR model
(Figure 1) and an extended SVR model (Figure 2) were tested,
the latter including the addition of vocabulary and reading
fluency components. Following the 