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The study examined whether developmental deficits in reading and numerical skills could
be expressed in terms of global factors by reference to the rate and amount (RAM)
and difference engine (DEM) models. From a sample of 325 fifth grade children, we
identified 5 children with dyslexia, 16 with dyscalculia, 7 with a “mixed pattern,” and
49 control children. Children were asked to read aloud words presented individually
that varied for frequency and length and to respond (either vocally or manually) to
a series of simple number tasks (addition, subtraction, number reading, and number
comparisons). Reaction times were measured. Results indicated that the deficit of
children with dyscalculia and children with a mixed pattern on numerical tasks could
be explained by a single global factor, similarly to the reading deficit shown by children
with dyslexia. As predicted by the DEM, increases in task difficulty were accompanied by
a corresponding increase in inter-individual variability for both the reading and numerical
tasks. These relationships were constant across the four groups of children but differed
in terms of slope and intercept on the x-axis, indicating that two different general rules
underlie performance in reading and numerical skills. The study shows for the first time
that, as previously shown for reading, also numerical performance can be explained
with reference to a global factor. The advantage of this approach is that it takes into
account the over-additivity effect, i.e., the presence of larger group differences in the
case of more difficult conditions over and above the characteristics of the experimental
conditions. It is concluded that reference to models such as the RAM and DEM can
be useful in delineating the characteristics of the dyscalculic deficit as well as in the
description of co-morbid disturbances, as in the case of dyslexia and dyscalculia.

Keywords: dyscalculia, dyslexia, co-morbidity, reading, numerical cognition

INTRODUCTION

In previous research on developmental dyslexia we showed the efficacy of examining performance
across reading conditions with reference to a global factor (Zoccolotti et al., 2008). Here we describe
a study in which the same approach was extended to the study of developmental dyscalculia.

According to the rate and amount model (hereafter RAM, Faust et al., 1999), group differences
in speeded tasks are explained by a multiplicative interaction between a factor that marks
the difficulty in any given condition (“amount”) and one that marks the global slowness of a
group across conditions (“rate”). Describing group differences in terms of a global factor allows
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controlling for the presence of over-additivity, i.e., the tendency
of more difficult conditions to yield larger group differences over
and above the influence of specific experimental manipulations.
Indeed, this is typical of results obtained in various conditions
such as Alzheimer’s disease (Myerson et al., 1998) and traumatic
brain injury (Ferraro, 1996).

The largest group of studies concerns the effect of aging
(e.g., Verhaeghen and Cerella, 2002). When compared to
younger adults, older individuals show group differences that
are progressively larger in more difficult conditions; this effect
can be expressed by contrasting in the same plot (often referred
to as the Brinley plot) the condition means of the slower and
the faster group (Cerella, 1985). The data points lie on a single
regression line and the slope of this regression provides some
information on the degree of overall impairment of the slower
group. According to the RAM (Faust et al., 1999), the slowness
shown by older people indicates a rate factor which interacts
multiplicatively with the difficulty of the tasks over and above the
specific characteristics of the target conditions.

In various studies, we applied this approach to the study
of dyslexia (Zoccolotti et al., 2008; De Luca et al., 2010; Paizi
et al., 2013; Martelli et al., 2014). By controlling for the influence
of over-additivity, it is possible to examine which factors (if
any) are genuinely involved in the reading deficit and which
group differences can be parsimoniously interpreted as due to
over-additivity. We found that the impairment of children with
dyslexia concerns all tasks requiring the processing of strings of
letters, such as word and pseudo-word reading or lexical decision
tasks, and that this deficit can be almost entirely explained
by a single global factor which interacts multiplicatively with
the difficulty of the experimental conditions (Zoccolotti et al.,
2008; Paizi et al., 2013). Thus, children with dyslexia show
greater impairment with pseudo-words than words than typically
developing children, but this greater lexicality effect can be
entirely explained in terms of over-additivity; a similar pattern
is present in the case of word frequency (Zoccolotti et al., 2008;
Paizi et al., 2013). By contrast, a residual specific influence of
length was found in some (though not all) studies: children with
dyslexia are selectively impaired in the case of long words even
after controlling for over-additivity (Zoccolotti et al., 2008).

Research on dyslexia has also evidenced a number of
conditions in which performance of children with dyslexia is
entirely (or largely) spared. Thus, children with dyslexia are
impaired when they read words but not when they name the
corresponding pictures (Zoccolotti et al., 2008; De Luca et al.,
2017). Furthermore, they perform slowly when word and pseudo-
word reading and lexical decision tasks are presented in the
visual modality but not when they are asked to repeat or make
lexical decisions about the same words presented in the auditory
modality (Marinelli et al., 2011). Finally, children with dyslexia
are impaired in the case of strings of letters (words and non-
words) but not (or minimally) when the stimulus is either a single
letter or a bigram (De Luca et al., 2010).

These findings raise the question about how to define the
scope of the global factor that accounts for the reading deficit
in dyslexia. Based on previous results, it appears that the
key deficit concerns the processing of visually presented letter

strings independent of their lexical value. A similar proposal
was put forward by Marsh and Hillis (2005) based on data
from neuroimaging studies and from patients with acquired
reading deficits. The authors proposed the key role of the
“grapheme description,” a pre-lexical orthographic computation
independent of case, font, location or orientation. A similar
model was proposed by Dehaene et al. (2005) on the basis
of their imaging studies on the so-called Visual Word Form
Area (VWFA); at both a neural and behavioral level, the Local
Combination Detector model envisages the various stages of
visual processing which make it possible to process orthographic
strings regardless of their location, font and size.

One model designed by Myerson et al. (2003) to formally
describe the characteristics of the global factor underlying
the differences between groups varying for overall speed of
processing is the “difference engine model” or DEM. While the
RAM focuses on evaluating the presence of specific factors once
the over-additivity effect is controlled for, the DEM aims to
describe the characteristics of the global factor itself. Therefore,
the two models provide complementary information on the role
of global and specific components in performance (Myerson
et al., 2003); thus, we will refer to both models in the present
study.

According to the DEM, the presence of a global factor
is defined by the presence of co-variance between difficulty
level (as defined by the condition means) and inter-individual
variability (as assessed by the corresponding standard deviations,
SD). Thus, with increasing difficulty (i.e., slower reaction times,
RTs) SDs tend to grow systematically. This largely linear trend
has a negative intercept on the y-axis and, thus, a positive
intercept on the x-axis. Myerson et al. (2003) propose that
performance on timed tasks can be ascribed to two different
(and independent) components (named “compartments”) that
account for the overall response, i.e., a decisional compartment
and a sensory-motor compartment. The intercept on the x-axis
represents an estimate of the duration of the sensory-motor
processing (sensory-motor compartment), which is expected to
be constant across a large variety of tasks that require the
planning of a minimal motor response. The cognitive component
is marked by the co-variation between condition means and
SDs. According to Myerson et al. (2003), the slope of the
regression between condition means and SDs indicates the degree
of correlation among the durations of the processing steps
involved in the performances. In this vein, some individuals tend
to have brief processing steps while others tend to have longer
processing steps. It must be observed that the analysis made
by DEM regards the steps in general terms while it does not
consider the specific characteristic of the processing stages. In
this perspective, the regression between condition means and
SDs is the basic relationship which is hypothesized to hold
independent of condition difficulty and group differences in
speed of information processing. In the same vein, Wagenmakers
and Brown (2007) consider the linear relationship between the
mean and the SD of a response time distribution as a general law
for RT responses under time pressure in decisional tasks.

The DEM specifies the general rules underlying global
differences in performance between groups with different basic
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levels of information processing but does not specify the expected
values of the critical parameters (i.e., the time of the sensory-
motor compartment and the slope of the regression between
means and SDs). In fact, the latter are empirically defined. Based
on the analysis of a large set of conditions, Myerson et al. (2003)
noted that most cognitive tasks can be described by a relationship
between means and SDs with a slope of ca. 30 and a x-intercept
of ca. 300 ms.

Focusing on global changes in performance does not mean
that all cognitive performances are equally impaired in a given
group. For example, it has been reported that older individuals
are more impaired in visual-spatial than verbal, lexical tasks (Hale
and Myerson, 1996; Lawrence et al., 1998). According to the
DEM these impairments indicate deficits in selective “domains,”
i.e., “verbal-lexical” or “visuo-spatial” domains. Deficits are global
because within a given domain the impairment is predicated by
a single regression in a Brinley plot; i.e., performances on verbal
tasks are explained by a single multiplicative factor and the same
holds true for visuo-spatial tasks. At the same time, they are
distinct as slopes are clearly different for verbal and visuo-spatial
tasks (Lawrence et al., 1998). Even though older individuals are
differently impaired on verbal and non-verbal tasks this does not
detract from the general law governing the relationship between
mean RTs and SDs. Thus, the verbal and non-verbal tasks of both
older and younger groups share the same relationship between
condition means and SDs (see Figure 14, Myerson et al., 2003).
Myerson et al. (2003) made a clear distinction between the
general law defining the global factor, which holds across tasks
and groups of individuals with different cognitive speeds, and the
presence of domain selective deficits, i.e., the observation that a
given group of individuals may be impaired on only a sub-set of
tasks.

According to the DEM different domains can be
accommodated within the same general law of processing.
However, this does not necessarily imply that a single, general
rule accounts for all possible tasks. In fact, the possibility
should be considered that different general relationships hold
for different sets of tasks. Notably, neither the RAM nor the
DEM take this possibility into consideration but neither do they
explicitly rule it out. Both models were devised to examine the
possibility of accounting for several group differences using
a limited set of predictors; so, their general aim was in this
direction. However, it is not incompatible with these models that
different general rules apply to different sets of tasks. Empirically,
we have noted that the relationship between means and SDs in
the case of reading words and pseudo-words was appreciably
higher (0.70) than that observed in the case of tasks on single
letters and bigrams (0.40; De Luca et al., 2010). Based on these
observations we re-analyzed a large dataset from previous
experiments on children with dyslexia and control children
comparing performances in tasks of lexical decision and reading
aloud. In the case of lexical decision tasks, the parameters were
similar to previously reported values (i.e., slope of about 0.30
and x-intercept of about 300 ms; Zoccolotti et al., 2017). In the
case of reading, the slope was considerably steeper (0.66) and
the intercept longer (482.6 ms). Therefore, in the case of reading
the inter-individual variability is very sensitive to the level of

difficulty of the conditions such that even small increases in
conditions difficulty produce large increases in inter-individual
variability. By contrast, performances in lexical decision tasks
indicate parameters similar to several other tasks reported in the
literature. Overall, it appears that the general rule underlying
the reading task may, indeed, be different from that of most
other tasks used in the literature. Notably, these involve a
relatively limited number of response alternatives; by contrast,
reading requires the identification of a target among many
alternatives (in fact, thousands of alternatives). We tentatively
proposed that the requirement for a close coupling between
orthographic and phonological processing, characteristic of
reading tasks, drives the particularly high relationship between
performance and inter-individual variability (Zoccolotti et al.,
2017). In this view, a peculiar characteristic of reading is that
seemingly small increases in difficulty can produce a large
increase in variability, i.e., great changes in the tails of the
distribution.

In the present research, we applied the same approach to
the study of deficits in number processing and calculation. One
line of research in dyscalculia has worked on the idea that the
disturbance can be interpreted in terms of a deficient numerical
processing system or approximate number system (ANS). In
turn, this hypothesis rests on the evidence of a “number module”
(Landerl et al., 2004; Butterworth, 2005; see also Wilson and
Dehaene, 2007). The idea that a deficit in numerical processing
is the core deficit in developmental dyscalculia is an interesting
working hypothesis from the standpoint of searching for global
components in the disturbance.

However, it should be noted that several different theoretical
proposals have been put forward in the last years. According
to Noël and Rousselle (2011), the deficit in the ANS is actually
originated by a developmentally earlier disturbance in the ability
to build an exact representation of numerical values. Evidence
in favor of this hypothesis comes from the observation that
deficits in tasks requiring the comparison of non-symbolic
numbers are not present in younger children with dyscalculia
(e.g., de Smedt and Gilmore, 2011) though they may emerge
later in development (Mazzocco et al., 2011). Other authors have
emphasized the heterogeneity of the dyscalculic deficit (Fias et al.,
2013; Noël et al., 2016) and have proposed that a number of
factors may contribute in generating the developmental deficit.
For example, recent evidence points to the idea that short-
term visuo-spatial memory and inhibition may be critical in
distinguishing between children with and without numerical
deficits after controlling for several factors including age, IQ etc.
(Szucs et al., 2013). On the other hand, it has been observed that
the idea that cognitive factors may modulate the performance in
numerical tasks and affect the emergence of the deficit does not
necessarily detract from the hypothesis that the core deficit of the
disturbance rests upon a deficient numerical processing system
(Landerl et al., 2013).

To distinguish between reading and calculation, we examined
children with deficits in one (or both) of these areas. It is well
known that dyslexia and dyscalculia can appear in isolated forms
(Rubinsten and Henik, 2006) but tend to be co-morbid (e.g.,
Lewis et al., 1994; Badian, 1999; Barbaresi et al., 2005; Tressoldi
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et al., 2007; Dirks et al., 2008). Recent studies investigated
the nature of the different cognitive correlates of this co-
morbidity (Willburger et al., 2008; Landerl et al., 2009; Wilson
et al., 2015). Landerl et al. (2009) propose that a deficit in
phonological processing is critical in the case of dyslexia while
one in a number module is critical in dyscalculia. Partially
similar results were reported in the case of young adults
with dyscalculia (Wilson et al., 2015). In line with the co-
morbidity perspective (Pennington, 2006), cognitive deficits in
the comorbid dyslexia/dyscalculia group could be accounted for
by a combination of the two learning disorders, i.e., the effects
were additive (Landerl et al., 2009). Recent research has also tried
to detect deficits that could account for the shared variance in the
two disorders, but results are still variable. Wilson et al. (2015)
reported that candidates, such as domain general deficits in rapid
naming or in verbal short-term memory, did not explain the co-
morbidity (Wilson et al., 2015). By contrast, Slot et al. (2016)
reported that the shared risk for reading and calculation could
be accounted for in terms of weakness in phonological awareness
tasks.

In the present study, we set out to verify whether disturbances
in reading and numerical tasks could be described in terms
global factors in both isolated and co-morbid cases. Our
general expectation was that children with dyslexia would be
delayed in reading tasks and that their performances across
conditions would be accounted for by a single regression
(with a relatively steep slope) across all reading tasks but
not (or minimally) numerical tasks. We expected the opposite
in the case of children with dyscalculia, i.e., that their
performance across numerical tasks would be accounted for
by a single regression line and their performance on reading
tasks would be minimally affected. Finally, we expected that
co-morbid cases would perform pathologically on both sets of
tasks.

With regard to the DEM, one interesting question is whether
the putatively differential deficits in reading and numerical tasks
can be explained in terms of different “domains” or, alternatively,
in terms of different general laws of performance. In the former
case, one would expect children with dyslexia or dyscalculia to
be impaired only in the reading or numerical domain, but these
two domains would show the same relationship between RT
condition means and SDs. In the latter case, one would expect
that reading and numerical tasks would actually show distinct
relationships between means and SDs. Based on our recent re-
analysis (Zoccolotti et al., 2017), the relationship between means
and SDs can be hypothesized as steeper in the case of reading
tasks than numerical tasks.

Overall, the aims of the study were to the following:

- To ascertain whether performance on numerical tasks can
be effectively described in terms of a global factor putatively
referring to the efficiency of a number module;

- To establish whether the expected difference between
numerical and reading tasks can be most effectively
described in terms of different domains and/or in terms
of different underlying rules governing the relationship
between means and SDs;

- To determine whether the co-morbidity between reading
and numerical tasks can be adequately described in terms
of global factors.

MATERIALS AND METHODS

Sample
Children were examined in five different schools in Rome in
a middle-class environment. All the 22 classes in these schools
participated in the study. Approximately 15 children per class
accepted to participate in the study (out of an average of ca. 20
per class). Overall the sample included a total of 325 fifth graders
(178 Male and 147 Female; mean age= 10.6).

Identification of reading and calculation deficits was based
on the standards identified by the Consensus Conference on
specific learning disabilities (Istituto Superiore di Sanità, 2011).
To detect calculation deficits, it is required to use tasks involving
specific skills (such as arithmetic facts, additions, subtractions,
number comparisons etc.). The performance of the child should
be expressed in terms of standard deviations from a normative
sample (not in terms of age equivalents). Both tasks measuring
accuracy and speed are envisaged. To detect reading deficits, it
is required that children show a deficit in both accuracy and
speed based on a quantitative comparison with standard norms.
Performance on reading comprehension is not diagnostic of the
reading deficit although it provides complementary information
for the functional framing of the disturbance. It is envisaged
that lists of words and non-words are included in the test
battery as they provide particularly effective measure of reading
deficit.

Children were initially administered two standard tests to
detect reading and calculation deficits. As for calculation skills,
the group-administered part of AC-MT test of (Cornoldi et al.,
2002) includes subtests that investigate addition and subtraction,
multiplication and division, number size comparisons, digit
transformation, and number ordering. Two overall scores are
derived, one for Written operations and one for Numerical
knowledge. Normative values for these two scores are available
from Cornoldi et al. (2002). As for reading, the MT test for
elementary school (Cornoldi and Colpo, 1998) was individually
administered to the children. In the MT reading test, the child
reads aloud a text passage with a 4-min time limit; speed
(s per syllable) and accuracy (number of errors, adjusted for the
amount of text read) are scored and can be expressed as z
scores with reference to normative values (Cornoldi and Colpo,
1998). The MT scale also envisages a comprehension sub-test;
following clinical standards (Istituto Superiore di Sanità, 2011)
this test was not used as part of the selection criteria. In this
case, the child reads a second passage silently, with no time
limit, and responds to 10 multiple-choice questions. The children
were also given Raven’s Colored Progressive Matrices to evaluate
non-verbal intelligence; only children who performed within
normal limits (>10 percentile) were included in the experimental
samples.

Based on standard values, we identified children with either
a selective deficit in reading, calculation or both. We adopted
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a z score cut-off of −1.65 (corresponding to ca. 5% of
children under normality assumptions). Out of the total of 325
children examined, 12 failed in reading accuracy and/or speed
(i.e., 3.69%) while 23 children (7.08%) failed either in the Written
operations or Numeric knowledge indexes on the AC-MT test
(for comments on these proportions see section “Discussion”).
Overall, five children (F = 4, M = 1) only failed in reading and
were considered “dyslexic”; 16 children (F = 6, M = 10) only
failed in number tasks and were considered “dyscalculic”; finally,
7 children (M = 4, F = 3) showed a mixed pattern (i.e., they
failed at least one reading and one numerical test), consistent with
the high co-morbidity between the two deficits. A control group
of 49 children (F = 23, M = 26) with spared performance on
all screening tests was also examined; the children were selected
from the overall original sample based on their willingness to
participate in the study (but with no further selection based on
screening measures).

Performance of the different groups of children on the two
screening tests is presented in Table 1 in terms of mean z
scores (and SDs) based on normative values. For the AC-MT
test of calculation skills, values on the Written operations and
Numeric knowledge indexes are presented. For the MT test, data
for accuracy and time in reading a text passage are separately
presented. Data on comprehension are also shown; note that they

indicate only very mild deficiency in children with dyslexia and
children with mixed pattern. This is in keeping with previous
data on Italian children which indicate that comprehension
is only mildly (or minimally) affected (Judica et al., 2002) if
the comprehension test does not stress decoding skills (in the
case of the MT test, no time limit is given to the child to
read the text passage before responding to the multiple-choice
questions).

A number of other tests were given to confirm the diagnosis
on both reading and calculation skills. With regard to reading,
we administered the Word and Pseudo-word Reading Test
(Zoccolotti et al., 2005). The test includes four lists of 30 words
(varying for frequency and length) and two lists of 30 non-words
(varying for length). Number of errors and reading times are
scored. Mean z score data (and SDs) for these lists are reported
in Table 1. The children with dyslexia and those in the mixed
pattern group were severely affected, the mean standardized score
being less than two SDs in several conditions. In particular,
the children with dyslexia were more affected in time than in
accuracy measures; the disturbance was severe in both time
and accuracy measures in the children in the mixed pattern
group. Word and non-word reading was impaired to a similar
extent. Thus, no selective deficit in reading non-words was
detected, similarly to previous observations in Italian children

TABLE 1 | Performance of the different groups of children in the two screening tests and in the additional reading and number tasks in terms of mean z scores (and SDs)
based on normative values.

Controls Children with dyslexia Children with dyscalculia Children with mixed pattern

Mean SD Mean SD Mean SD Mean SD

Reading tasks

MT (acc.) 0.01 0.44 −1.90 0.81 −0.70 0.43 −2.24 0.63

MT (time) 0.18 0.45 −3.34 2.65 −0.52 0.71 −3.65 1.87

MT (comprehension) 0.79 0.45 −0.50 1.03 −0.18 1.23 −0.91 1.37

Reading tasks (additional tests)

Short HFW (time) 0.17 0.86 −3.87 3.87 −0.61 1.29 −4.22 3.91

Long HFW (time) 0.31 0.52 −2.74 2.81 −0.27 0.84 −4.39 3.36

Short LFW (time) 0.32 0.56 −4.36 3.91 −0.32 0.77 −3.25 1.46

Long LFW (time) 0.52 0.49 −3.30 3.00 −0.12 0.74 −3.03 1.49

Short NW (time) 0.34 0.56 −2.29 2.54 −0.22 1.07 −3.08 1.01

Long NW (time) 0.31 0.66 −3.71 3.76 −0.50 1.12 −3.13 1.99

Short HFW (acc.) 0.10 0.76 −1.00 1.40 −0.21 1.03 −1.90 2.77

Long HFW (acc.) −0.28 1.06 −1.78 2.08 −0.46 1.27 −5.65 4.65

Short LFW (acc.) 0.17 0.91 −0.92 1.45 −0.51 1.13 −1.92 2.00

Long LFW (acc.) 0.03 0.81 −1.81 1.56 −0.60 1.09 −2.50 1.54

Short NW (acc.) 0.10 1.16 −2.46 2.34 −0.44 1.16 −2.27 1.95

Long NW (acc.) −0.09 0.97 −1.85 0.99 −0.69 0.93 −1.36 0.92

Number tasks (screening)

Written operations 0.41 0.68 0.50 0.30 −1.64 0.77 −2.51 0.93

Numeric knowledge 0.39 0.55 −0.76 0.74 −1.27 1.18 −1.63 1.54

Number tasks (additional tests)

Mental calculations 0.05 1.00 −1.04 0.84 −1.10 1.46 −2.85 1.93

Triplets (acc.) 0.45 1.06 −0.14 2.01 −1.23 1.72 −2.79 4.68

Triplets (time) 0.07 0.80 −0.96 0.79 −1.79 2.04 −1.52 1.41

Insertions (acc.) 0.32 0.59 0.31 0.83 0.10 0.95 −1.43 3.32

Insertions (time) 0.25 0.77 −0.57 1.20 −1.00 1.43 −2.64 3.68
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(Zoccolotti et al., 1999). As a group, the children with dyscalculia
were minimally affected across all measures.

As for numerical tasks, three sub-tests from the Battery for
Developmental Dyscalculia (Biancardi and Nicoletti, 2004) were
given: In Complex oral calculation sub-test, the child must
perform 10 additions and 10 subtractions with results above
10; a time limit of 15 s is given. In triplets, the child must
choose the largest number in a set of three Arabic numbers
(1–6 digits); twenty trials are given; both accuracy and speed are
measured. In the Insertions sub-test, the child must place a 1- to
5-number among three other numbers; 12 trials are given; both
accuracy and speed are measured. Mean z data (and SDs) for
these sub-tests are reported in Table 1. Children with dyscalculia
were moderately affected in all conditions with the exception of
accuracy in the Insertions sub-test. Children in the mixed pattern
group were generally more affected across conditions, including
accuracy on the Insertions sub-test. As a group, the children with
dyslexia were generally spared in most conditions; however, a
moderate deficit was detected in the Mental Calculation and in
the Triplets (time) sub-tests.

Information about the reading and numerical conditions is
summarized in Figure 1, where data from different measures of
reading and number processing are collapsed into overall indexes
separately for the screening and additional measures. Inspection
of the figure indicates a somewhat more clear-cut separation
between reading and numerical tasks in children with dyslexia
than in children with dyscalculia. Children in the mixed pattern
group showed a severe deficiency across the two sets of tasks.

Due to the selection criteria, the children generally performed
well on Raven’s Progressive Matrices; in particular, the control
children’ mean performance was 30.26 (SD = 3.35), the
performance of children with dyslexia was 26.75 (SD= 5.42), the

FIGURE 1 | Mean and z-score performance (and SDs) in reading and number
tasks of the four groups of children (controls, children with dyslexia, children
with dyscalculia, and children with a mixed pattern). Values indicate average
performance across tests used for screening and for the additional tests used
for the evaluation of children (see text for details).

performance of children with dyscalculia was 29.05 (SD = 3.96)
and the performance of children in the mixed pattern group
was 27.29 (SD = 5.44). According to Pruneti et al. (1996),
normative values indicate a mean performance of 30.2 (SD= 4.3)
in fifth grade. Therefore, although the performance of children
with dyslexia and children in the mixed pattern group was
in the normal range it was somewhat lower than expected.
However, group differences between the four groups did not
reach statistical significance [F(3,79) = 2.2, p= 0.09].

The study was carried out according to the principles of the
2012–2013 Helsinki Declaration. Written informed consent to
participate in the study was obtained from the parents of all
children. The study was approved by the IRB of the Department
of Psychology of Sapienza University of Rome.

Experimental Tests
Several experimental tests were given.

To test reading, the children had to read aloud words
individually presented at the center of a PC screen. The list of
words was derived from Paizi et al. (2013; experiment 3): high-
and low-frequency words (based on child-printed frequency
counts; Marconi et al., 1993) that varied in letter length from four
to seven letters (that varied in length from four to seven letters)
for a total of eight different conditions were selected from the
LEXVAR database (Barca et al., 2002). There were 15 stimuli in
each orthogonal condition for a total of 120 stimuli. The stimuli
were presented in five blocks of 24 words each. At the beginning,
a practice block was administered; it consisted of 10 words that
were different from the experimental items but had the same
characteristics. A short pause was allowed after each block.

Bigram frequency was matched across conditions. Initial
phonemes in the four sets were matched for the manner of
articulation as well as for the voiced vs. voiceless features.
N-size, age of acquisition and orthographic complexity were
matched between corresponding length sets in the high- and low-
frequency conditions. For a full description of the list please refer
to Paizi et al. (2013). Vocal reaction times (RT) were measured.
Median RTs for each condition was the dependent measure.

For numerical tasks, five sub-tests were used: (1) One-number
addition: the child saw a pair of numbers at the center of the PC
screen with the + sign in the middle and had to say aloud the
result of the addition ASAP (vocal RTs were measured); 20 trials
were given; (2) One-number subtraction: similar to the previous
sub-test except that the child had to say the product of the
subtraction; (3) One-digit number reading: a digit was presented
at the center of the PC screen and the child had to read it aloud;
twenty trials were given; (4) Two-digit number reading: the same
as 3 but the numbers had two digits. (5) Number comparison:
two numbers were presented, one on the left and one on the
right of the PC screen. The child had to press one of two keys
that indicated the highest number. Median RTs were used as the
dependent measure.

Procedure
The screening procedures included both group and individually
administered tests, which were given to the children in a single
session in a quiet room in their school.
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The children who participated in the rest of the study took the
additional reading and numerical tests during another individual
session.

In the final session, the children were administered the
experimental tests. The order of presentation of the reading and
calculation tests was counter-balanced across subjects.

Data Analysis
The RAM and DEM models make predictions in the case of open-
scale measures, such as RTs, but not accuracy. Thus, statistical
analyses were carried out on RTs while accuracy values were
inspected to exclude the possible presence of speed accuracy
trade-off data. No such trade-off was detected and accuracy data
were not further analyzed.

The RAM and DEM envisage different conditions to identify
the presence of a global factor:

(1) The RAM (Faust et al., 1999) predicts a linear relationship
between the condition means of two groups varying in terms of
overall information-processing rate. Thus, we separately plotted
the mean RTs for each group of children with learning problems
(i.e., with dyslexia, dyscalculia and with a mixed pattern) against
the performance of control children. We expected the group
differences to increase linearly with the difficulty of the condition
with separate regression lines for reading and numerical tasks.
We expected that the children with dyslexia would have a steeper
slope for reading than for numerical tasks and that those with
dyscalculia would show the opposite pattern.

(2) The DEM (Myerson et al., 2003) predicts a linear
relationship between the group means and the corresponding
standard deviations. Note that homogeneity of variance is a
basic assumption in parametric analyses; however, the presence
of a clear-cut linear increase in SDs as a function of condition
difficulty marks a systematic deviation from such assumption. To
test the model prediction, mean RTs of the different groups of
children in the different experimental conditions were plotted as a
function of the corresponding SDs; data from the various groups
were plotted in the same graph as the DEM predicts that the slope
of the regression is constant across different groups of children.
Furthermore, the model states that the x-intercept represents an
estimate of the time for early visual processing, response selection
and execution (sensory-motor compartment). Again, the DEM
predicts that the same intercept on the x-axis would hold across
different groups of children. As indicated in the Introduction,
recent evidence (Zoccolotti et al., 2017) raises the question about
whether reading tasks have the same general parameters as other
cognitive timed tasks. To check this possibility, different plots
between SDs and means were made for reading and number
conditions.

To remove the effect of over-additivity in the data we
made analyses on z-score data. Following Faust et al. (1999)
they are calculated by subtracting the mean of each condition
from the overall participant mean and dividing the product
by the standard deviation of the condition means for each
child; thus, z-transformed values represent the deviation of
each condition from the overall participant mean. In this way,
global components are controlled for, but individual variability
across experimental conditions is preserved. We carried out

FIGURE 2 | Test of RAM predictions based on results of children with dyslexia
and controls: condition means of children with dyslexia are plotted as a
function of controls’ means. Open squared report RTs for number tasks; filled
circles report RTs for reading tasks. The dotted line (slope = 1) represents the
reference for equal performance in the two groups of children.

separate ANOVAs on the reading and numerical data assessing
the effects of the different variables marking the conditions
of these tasks on both raw and z-transformed RTs. Based on
Faust et al. (1999) interactions with the group factor which are
significant in the z-transformed data (i.e., controlling for global
components) highlight a genuine effect; interactions with the
group factor which are significant in the raw, but not in the
z-transformed, analyses indicate the presence of over-additivity.
Whenever appropriate, means were compared with the Tukey
post hoc test considering p < 0.05 as a reference. The variables
entered in the different analyses are spelled out in the Section
“Results.”

RESULTS

Analysis of Global Factors
Figure 2 presents a Brinley plot to examine the prediction that
“the condition means for a particular group as a function of
the condition means for another group will be linear” (Faust
et al., 1999). For children with dyslexia, performance on
the word conditions was well fit by a single regression line
(y = −4295.6 + 8.36x) that explained a large proportion of
variance (R2

= 0.97). Also, the conditions of the numerical tasks
were well fit by a single regression line with a different slope
(y=−653.7+ 2.19x; R2

= 0.98).
We applied the same approach to children with dyscalculia;

the resulting Brinley plot is presented in Figure 3. Also in this
case, we applied a solution with two regression lines, one for
reading (y = −208.9 + 1.41x; R2

= 0.92) and one for numerical
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FIGURE 3 | Test of RAM predictions based on results of children with
dyscalculia and controls: condition means of children with dyscalculia are
plotted as a function of controls’ means. Open squared report RTs for number
tasks; filled circles report RTs for reading tasks. The dotted line (slope = 1)
represents the reference for equal performance in the two groups of children.

(y = −621.65 + 2.04x; R2
= 0.99) tasks, which effectively

accounted for the experimental data. Inspection of the figure
indicates that children with dyscalculia show a very limited
spread of performance in the case of reading tasks (as expected).
Furthermore, opposite to children with dyslexia, the slope for
calculation tasks was steeper than that for reading tasks although
the difference was less marked than in the case of children with
dyslexia.

The performance of the children with a mixed pattern
(dyslexia and dyscalculia) was severely impaired for both
reading (y = −3705.2 + 7.33x; R2

= 0.98) and numerical
(y = −1442.4 + 3.56x; R2

= 0.99) tasks. The resulting Brinley
plot is presented in Figure 4. Note that the performance of these
children is considerably more impaired; thus, the figure has a
much larger scale than the two previous graphs.

We then tested the DEM prediction (Myerson et al., 2003) that
there should be a linear relationship between the group means
and the standard deviations in the same conditions. Data for the
reading and number tasks are presented separately in Figure 5A
(reading tasks) and Figure 5B (number tasks).

A number of general characteristics emerge in these plots.
Data in plot 5a indicate that a single regression line accounts quite
well for the performance of all four groups of children on the
number tasks (with a R2

= 0.91). The slope of the relationship
is 0.25 and the intercept on the x-axis is 219.4. As one intercept
on the x-axis accounts well for the data of all sub-groups of
children, based on DEM this indicates that they are not different
in the sensory-motor (non-decisional) compartment but only
in the cognitive compartment. If separate regression lines are
used for the four groups of children, slopes vary between 0.18
and 0.32 and determination coefficients vary between 0.82 and

FIGURE 4 | Test of RAM predictions based on results of children in mixed
pattern group and controls: condition means of children with a mixed pattern
are plotted as a function of controls’ means. Open squared report RTs for
number tasks; filled circles report RTs for reading tasks. The dotted line
(slope = 1) represents the reference for equal performance in the two groups
of children.

0.97. As only one numerical sub-test required a manual response,
we also re-examined the relationship between means and SDs
excluding this sub-test. The results were very similar: the slope
of the relationship was 0.25 and the intercept on the x-axis was
280.5 (with a R2

= 0.93).
Also for reading tasks, a single regression line accounts well

for the responses of all groups (with a R2
= 0.87). In this case, the

relationship is 0.63 and the intercept on the x-axis is 537.25 ms.
Again, one intercept on the x-axis accounts well for the data of all
sub-groups; this is in keeping with the idea that groups are not
different in the sensory-motor (non-decisional) compartment
but only in the cognitive compartment. If separate regression
lines are used for the four groups of children, slopes vary between
0.47 and 1.02 and determination coefficients vary between 0.71
and 0.96.

Overall, our data indicate that the same relationship between
mean performance and variability holds for all groups of children,
as predicted by DEM. However, data relative to the orthographic
and numerical tasks also indicate distinct linear relationships in
terms of both slopes and intercepts on the x-axis. This pattern is
consistent with the idea that reading and numerical tasks do not
merely represent two separate domains; in fact, performances in
these two sets of data point to the presence of two separate general
relationships between means and SDs. Further comments on this
point will be presented in the Section “Discussion.”

Anovas
Reading
Two ANOVAs were carried-out on mean RTs and z-transformed
values with length (4-, 5-, 6-, and 7-letter words) and frequency
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(high-low) as repeated measures and group (controls, children
with dyslexia, children with dyscalculia and mixed group) as
unrepeated measure. The ANOVA on raw RTs showed a main
significant effect of the group factor in the raw [Frt(1,79) = 34.14,
p < 0.0001, η2

P = 0.56], but (due to the data transformation) not
in the z-transformed analysis (Fz < 1, n.s.; Frt refers to the raw
data analysis and Fz to the z-transformed analysis). On average
control children responded in 666.8 ms, which was significantly
faster than the RTs of children with dyslexia (1282.9 ms) and
of children in the mixed pattern group (1279.4 ms), who did
not differ from each other. The RTs of children with dyscalculia
were insignificantly slower than those of controls (734.4 ms)
but slower than those with dyslexia and with a mixed pattern.
The effect of word frequency [Frt(1,79) = 62.18, p < 0.0001,
η2

P= 0.44; Fz(1,79)= 20.70, p < 0.0001, η2
P= 0.63] was significant,

indicating faster RTs for high- (732.3 ms) than low-frequency
(893.6 ms) words (diff. = 161.3 ms). The main effect of length
[Frt(3,237) = 96.39, p < 0.0001, η2

P = 0.55; Fz(3,237) = 102.92,
p < 0.0001, η2

P = 0.51] was significant, indicating slower RTs for
longer words (with an average 82.9 ms increase per letter). The
frequency by length interaction was significant [Frt(3,237) = 13.97,
p < 0.0001, η2

P = 0.15; Fz(3,237) = 3.75, p = 0.01, η2
P = 0.05]

indicating larger length effects for low- than for high-frequency
words. All interactions with the group factor (group by length,
group by frequency and group by length by frequency) were
significant (at least p < 0.01) in the raw data analysis; however,
they all vanished in the z-score analysis (all Fs < 1.1, n.s.; all
η2

P < 0.04), indicating that they could all be accounted for in
terms of over-additivity.

Numerical Tasks
Two ANOVAs were carried-out on raw RTs and z-transformed
values with condition (one-digit number reading, two-digit
number reading, number comparison, one-number addition
and one-number subtraction) as repeated measure and group
(controls, children with dyslexia, children with dyscalculia and
mixed group) as unrepeated measure. The ANOVA on mean
RTs showed a main significant effect of group in the raw data
[Frt(3,79) = 31.03, p < 0.0001, η2

P = 0.54], but was inherently nil
in the z-transformed analysis. On average RTs of control children
(931.3 ms) were significantly faster than RTs of children with
dyscalculia (1276.2 ms) and of children in the mixed pattern
group (2130.7 ms). The RTs of children in the mixed pattern
group also differed from those of children with dyslexia and
dyscalculia. The difference between controls and children with
dyslexia (1384.8) fell short of significance (p = 0.08). The effect
of condition was significant [Frt(4,316) = 88.40, p < 0.0001,
η2

P = 0.53; Fz(1,91) = 634.51, p < 0.0001, η2
P = 0.89]: RTs to

one- (575.0 ms) or two-digit (641.9) number reading yielded
the shortest (and not significantly different from each other)
RTs whereas one-number additions (1668.3 ms) and one-number
subtractions (2259.7) were slower (and significantly different
from each other); RTs for number comparison (920.0 ms)
were intermediate (and significantly different from the one-
number addition and subtraction conditions). The group by
condition interaction was significant in the raw data analysis
[Frt(12,316) = 14.87, p < 0.0001, η2

P = 0.36], but vanished in the

z-transformed analysis [Fz(12,316) < 1, n.s.; η2
P = 0.04], indicating

the presence of over-additivity.

DISCUSSION

The first aim of the present study was to establish whether
performance on numerical tasks could be described in terms of
a global factor. Results are clearly in favor of this hypothesis.
For example, RTs of children with dyscalculia grew by a slope
of 2.04 as a function of condition difficulty with respect to the
performance of control children and this regression accounted
for a very large proportion of variance (R2

= 0.99). This indicates
that differences in raw data between children with dyscalculia and
controls increase as a function of condition difficulty over and
above the specific characteristics of the experimental conditions,
pointing to the presence of an over-additive effect for numerical
tasks. Consistently, when analyses were carried out to remove the
effect of over-additivity by using z-transformed data, conditions
requiring additions, subtractions, number comparisons etc.
yielded about the same group differences between dyscalculic
children and controls. These results are consistent with the idea
that performance on numerical tasks can actually be described
in terms of a single global factor. Interestingly, a line of research
has focused on the idea that performance on different numerical
and calculation tasks can be seen in terms of a number module
(Landerl et al., 2004; Butterworth, 2005). The present results
are broadly in keeping with this idea. However, it might be
necessary to examine a larger variety of numerical tasks before
a definite conclusion can be reached on this point. In particular,
only symbolic stimuli were used; extension of these results to
non-symbolic stimuli is required before a clear statement on the
number module hypothesis can be made.

Therefore, a large proportion of the variability across number
tasks can be accounted for in terms of global components
in the data. Models, such as the RAM and DEM, help to
define the characteristics of these components. One intriguing
question concerns whether clusters of tasks can be expressed
in terms of different domains or in terms of different general
rules or laws, governing the relationship between performance
and inter-individual variability. An example of a distinction in
terms of domains is provided by the studies on aging (Hale
and Myerson, 1996; Lawrence et al., 1998) which indicate a
greater impairment in visuo-spatial than in verbal tasks, although
the general relationship underlying these tasks was the same.
However, recent evidence indicates that reading tasks may
actually point to the presence of a different general law in the
data. In a re-analysis of a large set of previous experiments
examining vocal RTs to reading isolated words (Zoccolotti et al.,
2017) we noted that the regression between means and SDs
had a much steeper slope and a larger x-intercept. Accordingly,
reading (but not lexical decision) tasks map onto a different
general relationship so that inter-individual variability grows at
a particularly high rate also with moderate increases in condition
difficulty.

In this study, we were able to test this hypothesis on non-
retrospective data by comparing performance on reading and
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FIGURE 5 | Test of DEM predictions: SDs for each group and condition are reported as a function of the corresponding means. Different symbols refer to data of the
four different groups of children (controls, children with dyslexia, children with dyscalculia, and children with a mixed pattern). Data for the reading and for the number
tasks are separately reported in (A,B) respectively.

numerical tasks. The results clearly support the idea that the
general relationship between means and SDs is quite different
for reading and numerical tasks. In particular, the slope was
considerably higher in reading (0.63) than in numerical (0.25)
tasks. Furthermore, a larger intercept on the x-axis was present
for reading (537.25 ms) than for numerical tasks (280.54 ms).
On the one hand, the pattern for the number tasks is quite
similar to the parameters reported for several visuo-spatial and
verbal tasks by Myerson et al. (2003). On the other hand,
the pattern for the reading tasks closely replicates the results
reported in our retrospective analysis, where the slope was 0.66
and the intercept on the x-axis was 482.6 ms. Therefore, the
present data are in keeping with the idea that the differences
between reading and numerical tasks do not merely point to
the presence of two different domains but actually refer to
the presence of two general laws underlying these two sets of
data. In trying to understand the origin of this quite general
distinction, it is interesting to note that, with one exception
(i.e., the number comparison task) all tasks used in the present
research required a vocal response. Thus, the present data exclude
the possibility that the difference may lie in the nature of the
response. Indeed, all tasks used in the studies by Myerson
et al. (2003) envisaged a manual response; so, this possibility
deserved some consideration. Alternatively, we have proposed
that reading is different from all other tasks as it involves
a situation in which a very large set of alternative responses
is present; indeed, the observer has to name a word from a
possible pool of thousands of alternatives. According to the

DEM, the slope of the regression between the means and the
SDs indicates the degree of correlation among the durations
of the processing stages. To identify a target the observer has
to closely couple the output of the orthographic analysis with
the identification of the corresponding phonological code and
we have proposed that it may be this requirement that drives
the particularly steep relationship between performance and
inter-individual variability in reading tasks (Zoccolotti et al.,
2017).

We searched for associated and dissociated reading and
number difficulties starting from a moderately large school
sample. Evidence indicated that these two sets of deficits
frequently co-occurred, as expected. Out of a total of 325
children, 12 showed reading deficits (i.e., 3.69%). This figure is
very similar to Barbiero et al.’s (2012) recent Italian prevalence
data. These authors reported a proportion of children with
dyslexia comprised between 3.1 and 3.2%. More than half
of children with a reading deficit (7 or 58.3%) also failed
on numerical tasks. Proportion of children with deficits in
numerical tasks was higher: 23 children or 7.08%. As yet,
no systematic epidemiological data are available in Italian
for this deficit; however, it has been recently reported that
prevalence estimates range around 6% (e.g., Wilson et al., 2015).
Thus, the proportion of children with deficits in numerical
tasks in the present study appears in line with the current
available data in the literature. Seven of the 23 children with
numerical deficits (i.e., 30.4%) also showed reading deficits.
Thus, the overlap between the two disturbances was high.
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This is in keeping with data from the literature; for example,
Wilson et al. (2015) estimated that relative overlap between
the two disorders averages 37% across different studies. Thus,
the present data broadly fit with the figures reported in the
literature both in terms of their separate prevalence and in
terms of the overlap between the two disorders. Interestingly,
although children were in the normal range in intelligence
measures there was a tendency for children in the mixed
group and in the dyslexic group to score lower than children
with dyscalculia or controls in the Raven test. Recent evidence
indicates differences in intelligence measures among groups
with different learning deficits (Cornoldi et al., 2014; Giofrè
et al., 2017; Toffalini et al., 2017). It may be interesting to
verify the stability of these differences by using larger groups of
children.

From these general figures, we identified two groups
of children with putatively isolated reading and numerical
deficits and a group with co-morbid symptoms. Empirically,
data from both the standard cognitive tests and from the
experimental tasks indicated that the dissociation between
reading and numerical skills was incomplete in the dyslexic
as well as in the dyscalculic group; in other terms, children
with dyslexia were not entirely spared in number tasks and
vice versa. Different factors may contribute to this outcome.
First, dyslexia and dyscalculia are currently considered graded
difficulties and cut-offs always maintain a certain degree
of arbitrariness (e.g., Pennington and Bishop, 2009). Thus,
incomplete dissociation of symptoms may actually be “real” in
the sense that co-morbidity in itself may be seen as a graded
phenomenon rather than as a categorical one. Alternatively, it
is possible that the tests used were only partially sensitive to
the underlying dimensions and that some true co-morbid cases
were not detected because of the insensitivity of the measures
used.

At any rate, the focus of the present research was on the
possibility of expressing dissociations and associations between
reading and numerical conditions in terms of global components.
A partial dissociation between reading and numerical tasks
was clear in children with dyslexia in terms of very different
slopes in the Brinley plot between the two sets of tasks (8.36
for the reading and 2.19 for the number tasks, respectively).
In children with dyscalculia, the pattern was reversed but the
difference between the two slopes was much smaller (1.41
for the reading and 2.04 for the number tasks, respectively).
In this case (see Figure 3) what seems to discriminate best
between the two sets of tasks in this group of children
is the presence of a very small range of variability across
reading conditions. As discussed above, at a global level of
analysis, reading is characterized by a very tight relationship
between difficulty level and inter-individual variability. In
these terms, seemingly small increases in condition difficulty
will generate comparatively large group condition differences
between affected and unaffected individuals. Comparing the
reading means of Figures 2, 3 makes it clear that, unlike what
happens in children with dyslexia, in those with dyscalculia
this “explosion” does not take place and differences among
reading conditions amount to tens (rather than hundreds) of

milliseconds, i.e., in a range very similar to that of controls.
Results of children in the mixed pattern group indicate
that the pattern of deficiencies in reading and numerical
tasks is well accounted for by two regression lines with
large slopes (7.33 for the reading and 3.56 for the number
tasks, respectively). Overall, it appears that reference to global
components provides a good description of both isolated and
co-morbid deficiencies. Notably, however, the two sets of
data do not yield specular profiles. This is probably due to
the fact that different general laws underlie the two sets of
tasks. In particular, the presence of a very tight relationship
between condition means and inter-individual variability (which
is characteristic of reading) is expressed very clearly producing
a large spread of performances across different conditions in
the affected children (those with dyslexia and with a mixed
pattern) but not in the unaffected ones (i.e., children with
dyscalculia).

Although research on co-morbidity has increased
considerably in recent years, partly due to the seminal work of
Pennington (e.g., Pennington, 2006; Pennington and Bishop,
2009), full comprehension of the cognitive underpinnings
of the partial overlap of learning and other developmental
disturbances is still lacking. Only a few studies have directly
attempted to mark the different and common deficits present in
children with dyslexia and dyscalculia. Deficits in phonological
skills or in a number module mark the performance of
children with dyslexia and dyscalculia, respectively (Landerl
et al., 2009; Wilson et al., 2015); in fact, the deficits appear
in additive fashion in co-morbid cases. However, this only
partially explains the phenomenon because in multiple deficit
models (e.g., Pennington, 2006) comorbidity between two
conditions is also due to shared etiologic and cognitive risk
factors. Although some steps have been taken in the search for
the cognitive factors that separately mark the two disorders,
identifying the common risk factor seems more difficult. For
example, domain general deficits in rapid naming and in
verbal short-term memory do not seem to account for the
co-morbidity (Wilson et al., 2015). More recently, Slot et al.
(2016) have reported that, apart from predicting directly the
reading deficit, phonological awareness may represent a risk
factor for the co-presence of reading and numerical task
deficiencies.

In the present study, we aimed to establish whether
performance in reading and numerical tasks can be effectively
expressed in terms of global factors. We did not examine
whether these factors should be viewed as entirely separate
or whether they share some common cognitive elements. In
fact, the aims of the present study were mainly descriptive
and the present data are not informative on the source of
the co-morbidity between dyslexia and dyscalculia. However,
we feel that the possibility of identifying the global factors
that account for performance in reading and numerical tasks
might provide an interesting opportunity for studying the
critical factors in determining the two deficits as well as
their co-morbidity. In particular, taking into account global
components in the data allows controlling for the presence of
over-additivity and this could be instrumental in searching for
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the specific factors underlying a deficit (or the communality
between two deficits). In the particular case of dyscalculia, one
hypothesis sees the disturbance as due to impaired processing
in a number module (Landerl et al., 2004; Butterworth, 2005).
Within this perspective, one should find similar deficits for
symbolic and non-symbolic stimuli. Testing this hypothesis
with reference to global factors can be instrumental as this
approach is particularly suited to compare group differences
across tasks which may vary considerably for general level of
difficulty. Furthermore, other authors have posited that other
cognitive factors, such as short-term visuo-spatial memory and
inhibition may be critical in explaining the deficient performance
in number tasks (Szucs et al., 2013). For example, placing
manipulations of these factors within a global component
analysis may help understanding whether they add only in
terms of task difficulty (which would point to over-additivity)
or would produce different selective deficits (which might
point to different domains for tasks with high or low visuo-
spatial memory components or high and low inhibition
components).

One advantage of describing deficits in children with dyslexia
and dyscalculia in terms of global models of performance is
that it allows determining whether group differences can be
ascribed to the decisional or also to the non-decisional part of
the response. In particular, the DEM allows isolating a cognitive
compartment (marked by the slope of the relationship between
condition means and SDs) and a sensory-motor compartment
(marked by the intercept of this relationship on the x-axis).
Previous research has demonstrated that children with dyslexia
have a deficit in the decisional compartment of the response
but not in sensory-motor compartment (Martelli et al., 2014;
for a similar conclusion reached on the basis of the diffusion
model see Zeguers et al., 2011). The present results extend
this conclusion to numerical tasks. Compared to controls, the
children with dyscalculia and those in the mixed pattern group
were severely affected on numerical tasks, but (as shown in
Figure 5) the same relationship between means and SDs held
for these groups as well as for the control readers and the
children with dyslexia. Therefore, it can be concluded that
performance differences among these groups on numerical
tasks are actually confined to the decisional component of the
response.

Several limitations of the present study must be pointed
out. The original sample was moderately large, but some of

the target sub-groups were smaller than optimal. Thus, it is
possible that the identification of a small group of children with
dyslexia may have made it difficult to detect the contribution
of specific factors in modulating the deficit (such as the effect
of length, which was found in some previous research; e.g.,
De Luca et al., 2010). At the same time, it should be noted
that global components mark quite stable tendencies in the
data and, thus, it seems unlikely that part of the present
results are unstable. Furthermore, our focus here was on
numerical deficits and the sample of children with dyscalculia
was comparatively large enough for testing our hypotheses.
Nevertheless, confirmation of the present findings in larger
subgroups of children is certainly in order. Furthermore, while
we tried to have a reasonably comprehensive analysis of reading
and number skills, it proved difficult to also examine other co-
morbidities, such as ADHD which is well-known to co-occur
with learning disorders (Pennington, 2006). ADHD may alter
the distribution of RTs (e.g., Hervey et al., 2006). So, it remains
a goal for future studies to evaluate whether the co-presence of
ADHD symptoms may influence the pattern of findings reported
here.

CONCLUSION

The present study indicates that the approach of describing the
deficit in numerical tasks shown by children with dyscalculia in
terms of a global factor is effective, as previously shown in the case
of reading deficits of children with dyslexia. As both reading and
calculation performance can be effectively expressed in terms of
global factors, this perspective may open interesting possibilities
to for the study of the frequent, though partial, co-occurrence of
these disturbances.
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