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Impaired readers in primary school should be early recognized, in order to asses a targeted
intervention within the school and to start a teaching that respects the difficulties in learning
to read, to write and to perform calculations. Screening procedures, inside the primary
schools aimed at detecting children with difficulties in reading, are of fundamental impor-
tance for guaranteeing an early identification of dyslexic children and reducing both the
primary negative effects—on learning—and the secondary negative effects—on the devel-
opment of the personality—of this disturbance. In this study, we propose a new screening
procedure measuring reading speed and accuracy. This procedure is very fast (it is exactly
1min long), simple, cheap and can be provided by teachers without technical knowledge.
On the contrary, most of the currently used diagnostic tests are about 10min long and must
be provided by experts. These two major flaws prevent the widespread use of these tests.
On the basis of the results obtained in a survey on about 1500 students attending primary
school in Italy, we investigate the relationships between variables used in the screening
procedure and variables measuring speed and accuracy in the currently used diagnostic
tests in Italy. Then, we analyse the validity of the screening procedure from a statistical point
of view, and with an explorative factor analysis, we show that reading speed and accuracy
seem to be two separate symptoms of the dyslexia phenomenon. Copyright © 2013 John
Wiley & Sons, Ltd.
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INTRODUCTION

Nowadays, a prevention approach to reading problems is well-established:
schools do not wait for a student to fail, but they screen all students to identify
those who, despite a normal education programme, show difficulties from the
beginning of reading acquisition. To have any chance of escaping this adverse path,
students must obtain help as soon as possible, and for this reason, it is very impor-
tant to have instruments capable of identifying children who are at risk at a very
early stage. Studies have shown that reading problems become increasingly more
resistant to intervention and treatment after third grade (Snow, Burns & Griffin,
1998). Designing effective early reading screening instruments is complicated as
the time of year and age/grade at which they are administered may greatly
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influence the predictive value of a test, even within a short time frame or the same
school year (O’Connor & Jenkins, 1999). The appropriate time to begin screening
young children has been debated for a long time. In some cases, the literature
argues that for young children, screening of early literacy skills should occur
before formal literacy instruction begins (Badian, 1982; 2000; Invernizzi, Justice,
Landrum & Booker, 2004; Justice, Invernizzi & Meier, 2002). In regular ortho-
graphic systems, such as in Italy, Spain and Finland, at the end of first grade,
children are typically close to the ceiling in terms of reading accuracy
(Goswami, Gombert & Fraca de Barrera, 1998; Seymour, Aro & Erskine, 2003).
Italian studies on reading acquisition show that at the beginning of primary school,
children are highly heterogeneous, which is caused by different levels of maturity
and different cognitive and linguistic abilities. In kindergarten, Italian children are
not trained systematically in reading acquisition and phonology, and this leads to
a dishomogeneous situation between children at the beginning of first grade
(Allamandri, 2005; Riccardi Ripamonti, Cividati, Truzoli & Russo, 2007; Stella &
Apolito, 2004). Nevertheless, because of the consistency of Italian orthography,
at the end of first grade, the large majority of children successfully perform in
reading and spelling (Stella, 2004).

In Italy, most primary school screenings typically use group tests, whereby all
students are examined at the same time (Bellocchi, 2011; Cornoldi & Colpo
1986; 1998; Faglioni, Gatti, Paganoni & Robutti, 1967; Stella & Apolito 2004).
Even if a lot of individual tests are available in Italian (Cornoldi & Colpo,
1998), teachers seem to prefer group tasks, as this procedure is considered
more economic and time saving. However, also group tests face some criticism,
as children may score poorly because of behaviour, attention and task motiva-
tion problems (Rathvon, 2004; Scarborough, 1998). Moreover, group tasks do
not allow each individual to read aloud so that reading has to be tested with dif-
ferent print skills performed silently (letter and word or pseudo-word
matching, word comprehension matching words and pictures in multiple choice
format). Reading is a multidimensional skill, and screens should reflect
this, through reading aloud, word reading and reading fluency. When studying
reading acquisition, it is useful to analyse decoding skills and comprehension
processes separately, as two different levels of processes are involved (Ransby
& Swanson, 2003).

Our aim was to use a single task to examine reading skill in the most similar way
to the natural decoding process, that is, reading aloud. To this purpose, we
decided to use a 1-min reading test to balance economic issues, in terms of time
administration cost, with the sensitivity and specificity of the task. Some
researchers claim that screening battery (multiple measures) obtain better
classification accuracy (Jenkins & O’Connor, 2002), but the problem of administra-
tion time cost per person still remains. If a single task is used, you can get
advantages in administration time cost per person, but you need to carefully
consider high concurrent validity between the screen task and a benchmark
battery of standard test to assess reading skills. Screening should occur every year
across the primary grades. One-minute reading procedure was designed by
Nicolson and Fawcett (1997) and is frequently used in research both to measure
reading performance specifically in children and adults (Nicolson & Fawcett, 1997;
Willburger & Landerl, 2009) and to match reading performance with some other
skill such as perceptual attention (Schulte-Krne, 2001).
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Drawing from the results obtained by administering our screening procedure
and, as a benchmark, two currently used reading tests, to about 1500 students
in primary school in Italy, the purposes of this work are as follows:

• To study the empirical distributions of the variables used in the suggested
screening procedure and in the benchmark tests and to analyse theirs
discriminative power in detecting impaired readers;

• To study the bivariate relationships between variables, in order to investigate if
the reading speed and the reading accuracy measured in a 1-min procedure are
correlated with the reading speed and the reading accuracy, respectively,
measured by means of longer tests; and

• To study the validity of the screening procedure, through an explorative factor
analysis and through the estimate of the internal consistency.

The paper is organized as follows. In the New Screening Procedure and the
Benchmark Tests section, we briefly illustrate the new screening procedure and the
tests used as benchmarks. In the Method and Subjects section, we report univariate
and bivariate statistics of the variables involved in the study, we analyse the empirical
distributions of these variables and we discuss the choice of the threshold values for
classifying the student’s performance. In the Univariate and Bivariate Analyses section,
we investigate the validity of the new screening procedure. Finally, in the Internal
Consistency section, we give some concluding remarks.

THE NEW SCREENING PROCEDURE AND THE BENCHMARK TESTS

The new screening procedure is called SPILLO (‘tool for identifying slowness in
reading aloud’). It is implemented within a software, and thus, the results of the
screening are immediately available after administration. It is designed for Italian
students in primary school, from age 6 years (first grade) to 10 years (fifth grade).
Usually, reading tests are ‘paper and pencil’; that is, while a student reads, the exam-
iner times the reading and marks the mistakes. At the end of the test, the examiner
counts the errors and calculates the time and number of syllables read in a second.
Eventually, he/she also computes the z-scores of errors and speed (syllables per
second) in order to classify single performance. Then, the examiner classifies the
student as an ‘impaired reader’ or as a ‘not impaired reader’ on the basis of the
normative threshold values for each indicator. This procedure is very simple for
experts, but it may result rather difficult for examiners who lack a statistical back-
ground. Indeed, results are usually affected by many errors due to erroneous
calculus or wrong interpretation of the results. In SPILLO scoring and recording,
mistakes are avoided by the use of the computer, but ecological situation to read a
paper is maintained for the subjects. The student is asked to read a text for exactly
1min. The examiner clicks the word spelled wrongly on the screen and, at the tone
produced after 1min, he stops the reader. The examiner has just to click the last
word read by the student to obtain automatically the number of words, the number
of syllables read in a second, the number of errors and, if the case, the z-scores.
For our purposes, a text reading test was chosen because in a daily reading
assignment the reader faces a text and not a list of isolated words. Moreover, when
reading a text, semantic and morphosyntactic information can enhance the reader’s
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understanding, whereas reading a list of words or pseudo-words is primarily a measure
of intact or impaired lexical or sub-lexical processes. Finally, reading a text allows the
evaluation of the efficiency of the so-called instrumental reading, that is, the ability to
quickly and correctly recognize and name words within a text (De Beni, Cisotto &
Carretti, 2001). The chosen text tells a story. This kind of task allows testing of the
processes involved in reading meaningful material in a full and complete manner. For
this study, a story was selected from the pages of a primary school text book (Lastrego
& Testa, 1995). The list of words and nonwords (Sartori, Job & Tressoldi, 1995) was
used to establish concurrent validity between SPILLO and standardized measures of
reading skills. MT reading text (Cornoldi & Colpo, 1998) was excluded as it is a similar
task to SPILLO, and word and nonword decoding test was preferred as it is considered
the best benchmark of reading impairment (Hermann, Matyas and Pratt, 2006).

METHOD AND SUBJECTS

The Text Reading Task

The criteria used to choose the text was reading difficulty as scored by the Gulpease
index. The Gulpease index is an evolution of the Flesch index (Flesch, 1948) and was
adapted to the Italian language by Franchina and Vacca (1986). This index compares
the words in the text with those in the base vocabulary of the Italian language (VdB)
of De Mauro (1997) (www.eulogos.net/it/censor). The Gulpease index uses a
predefined scale from 0 (minimum readability) to 100 (maximum readability). This
scale is based on the evaluation of real understanding of a body of texts by readers
of three different school ages. According to this method, the text chosen ‘Ho paura’
[I am afraid] has a score of 71. Therefore, it belongs to the group of materials con-
sidered ‘difficult to read’ for the school group tested (first grade students). However,
out of the total of 181 words, 173 belong to the VdB (95.57%) and only eight words
are not in the VdB (4.41%). When analysing some primary school textbooks, the
average readability score of the selected texts was found to be below 60 (Piemontese
& Cavaliere, 1997). A score of 60 is indicated as the limit above which middle school
students have no difficulties in understanding the content of the text, when they read
it. Therefore, these scores indicate that the child is not capable of reading and
understanding the text in his textbook by himself. Because the text is a new test
and its value must be empirically determined, all the subjects of our sample were also
evaluated using twomore reading tests, which are used to assess dyslexia. These two
tests consist of a list of single words and a list of pseudo-words to read aloud,
standardized for Italian students (DDE-2, Sartori, Job & Tressoldi, 1995; 2007).

In SPILLO, the variables monitored are as follows:

• Y1: number of words read in a minute;
• Y2: number of syllables per second read in a minute; and
• Y3: number of wrong spelling in a minute.

The choice to use the same text for all grades was made for different reasons. First,
a unique test for all primary grades is more practical for the administrator (namely
teachers) and reduces methodological errors. Second, a developmental trend could
be obtained and compared with the benchmark of word and pseudo-word reading.
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Third, as there is much data showing that in transparent orthographies, semantic,
orthographic and perceptual features of the written text (such as font size.) are
irrelevant to differentiate reading performance along different school grades. Tressoldi
(2008) demonstrated that Italian readers improve only in speed along ages, as
differences in readability on speed and accuracy due to lexical and orthographic
features do not vary across age and school grade. Zoccolotti, De Luca, Di Filippo,
Judica and Martelli (2008), when looking for crucial factors in development of reading
speed, demonstrated that length, word frequency and lexicality did not account for a
major portion of variance, whereas a global factor is more relevant in developing
reading speed. We decided not to consider sensitivity to stress assignment, drawing
from the study of Holliman, Wood and Sheehy (2010), which shows that this sensitiv-
ity is not essential to the realization of reading in syllable-timed languages, whereas it
seems to be more related to phonological awareness and reading abilities in
stress-timed languages. The association between stress and word reading is relevant
as the ability to manipulate stressed and unstressed syllables seems to help clarification
of ambiguous phonemes and to facilitate word recognition in reading (Wood &
Terrell, 1998). In Italian, reading ambiguity is limited to stress assignment on words
that are identical in phonological and graphemic structure but differ on stress position.
Stress is graphically represented only if it occurs on the last syllable, whereas within the
word, it is never represented. Italian readers have to assign stress bearing on semantic
aspects. This is a very rare occasion (for example, the words ‘´ancora’ [anchor] and
‘anc´ora’ [more]); therefore, it was not difficult to avoid this occurrence in our text
(Angelelli et al., 2004).

The Benchmark Test

The benchmark tests are two currently used ‘paper and pencil’ diagnostic tests in
Italy. While the student reads, the examiner times the reading and makes a note of
the mistakes. During the first test, the student is asked to read a list of words and
during the second test a list of pseudo-words. These two lists have been
introduced and studied by Sartori, Job and Tressoldi (1995; 2007). In the two
benchmark tests, the variables monitored are as follows:

• X1: time (in seconds) in reading the list of words;
• X2: number of syllables per second read in the list of words;
• X3: number of wrong spellings in reading the list of words;
• X4: time (in seconds) in reading the list of nonwords;
• X5: number of syllables per second read in the list of nonwords; and
• X6: number of wrong spellings in reading the list of nonwords.

The new screening procedure and the two benchmark tests have been administered
to all subjects of our sample.

Subjects

One thousand four hundred sixty-nine children are attending primary school in the
Lombardia and the Emilia Romagna regions (Northern Italy). The test was
administered during the month of February to students in grades 2 (mean age
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7.5 years), 3 (mean age 8.3 years), 4 (mean age 9.3 years) and 5 (mean age 10.1 years).
First graders (mean age 6.8 years) were tested during the month of May in order to
achieve a more uniform reading level at the end of the first year of formal teaching.
On the other hand, it is known that because of the regularity of Italian orthography,
by the end of the first year of primary school, 90% of the children are able to read
(Cossu, 1999; Orsolini, Fanari & Maronato, 2005; Stella, 2004; Stella & Apolito,
2004). Foreign children and children with learning disabilities (according to Law n.
104/92) were not included in our sample. Parents of participants or legal guardians
gave informed consent.

The composition of the sample is 333 students in first grade, 384 students in
second grade, 200 students in third grade, 276 students fourth grade and 276
students in fifth grade. We selected 75 schools for the study in the Emilia Romagna
and Lombardia regions (Northern Italy), and we administered the tests and the
screening procedure to all students attending these schools. Therefore, the number
of participants in each grade was decided a priori but because of methodological
reasons, some subjects were excluded from the sample. The fact that more students
are in first and second grades is convenient for our study, because more variability in
reading performances is present in first grades of primary school.

Procedure to Administer the SPILLO Test

Test has to be administered in a quiet environment, outside the classroom. The text
to read is printed on a cardboard in black and white at high contrast, in Times New
Roman font and is spaced 1.5. Each student is asked to read the text aloud as quickly
as possible but as accurate as possible at the same time. The examiner puts the
cardboard in front of the student and read the title of the text pointing to where
the student has to start reading. The student is asked to read until a stop is given
by the examiner.While the subject is reading on his cardboard, the examiner follows
the reading on a computer screen, clicking on a start label to measure reading time
and clicking on the words spelled wrongly.When the experimenter clicks on a word
to enter a mistake, a window pops up with three options: wrong, auto-correction
and omitted, and the correct option can be chosen in order to classify errors for a
further qualitative evaluation. This procedure does not interfere with the subject
reading, as the computer screening is not on the student visual field. After 1min from
the start, a tone is produced by the computer and the examiner interrupts the
reading. Then examiner clicks the last word read by the student and obtains
automatically, on a window, the number of words, the number of syllables read
per second, the number of errors and, if the case, the z-scores.

UNIVARIATE AND BIVARIATE ANALYSES

Reading Speed

In Table 1, we list the values of some univariate statistics of the variables measuring
the reading speed (X1, X2, X4, X5, Y1, and Y2). Figure 1 shows the empirical distribu-
tion of these variables through boxplots. Performances in the reading speed improve
from first grade to fifth grade: both the median and the mean values of X1 and X4
decrease whereas the mean and the median values of X2, X5, Y1 and Y2 increase.
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Variables measuring the number of words and the number of syllables read in a
second have a similar pattern: the average values of Y1 and Y2 across the five grades
have a behaviour similar to the average values ofX2 andX5. Dispersion, measured by
the coefficient of variation, always decreases with the grade level. In the time of
reading (X1 and X4) and in Y1 and Y2, a drop of the coefficient of variation
corresponding to third grade is evident (Figure 2). This drop is not present in X2
and X5. The larger variability in first, second and third grades may be explained by
considering that many covariates (such as the cultural level and the experiences in
day nursery) have a great influence on the reading performances. From third grade,
in general, these covariates become less important, and the scholastic population is
more homogeneous. Variables measuring the reading speed in the benchmark tests
(X1, X2, X4, and X5) have a positive skew and present outlying values higher than
x0.75� 1.5(x0.75� x0.25), in all grades. These characteristics are desirable for X1 and
X4, which have a positive direction of pathology (impaired readers are children with
high values in these variables), but not for X2 and X5, which have a negative direction
of pathology (impaired readers are children having small values in these variables).

Figure 1. Boxplots of the following variables (from the left): X1, X2, X4, X5, Y1 and Y2. The first line
reports boxplots in class I, the second line in class II, the third line in class III, the fourth line in class IV

and the fifth line in class V.
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For children having outlying values inX1 andX4, more accurate analyses are needed to
investigate if this impairment is due to dyslexia or to other learning disabilities. In
general, the aim of the screening is to detect impaired readers, and subsequent
psychological and medical tests are needed to investigate the cause of this impairment.
Y1 and Y2 have a positive skew in first and second grades but a negative skew in third,
fourth and fifth grades. In fourth and fifth grades, these variables have also outlying
values smaller than x0.25 + 1.5(x0.75� x0.25). These features show that Y1 and Y2 have
a more discriminative power during the last grades of primary school, when the
students read more fluently. The kurtosis indicates that all variables, in each grade,
are far from normality. With the nonparametric tests of Shapiro-Wilk,
Anderson-Darling and Jarque-Bera, the null hypothesis of Gaussian distribution is
rejected, even for α=0.001.

The currently used thresholds for X1, X2, X4, and X5 are based on the assumption
of normality. The thresholds are used to classify students as normal readers or
impaired readers. They have been specified on the basis of the mean and the variance,
assuming a normal distribution (Sartori, Job & Tressoldi, 1995; 2007). The thresholds
have been obtained as μ+2σ (for X1 andX4) and as μ� 2σ (for X2 and X5), where μ
indicates the mean and σ the standard deviation, considering that in a Gaussian
distribution these values both exclude about 2% of the population. The estimated
values of m and s, reported in Sartori et al. (2007) and currently used as normative
values in Italy, have been estimated only for second, third, fourth and fifth grades.
Using the t-test for the means and the nonparametric test of Levene for the
variances, they result significantly different (α=0.05) from the means and the
variances obtained in our study and reported in Table 1. The causes of these
differences are, at least, two-fold: (i) the size of the samples is different (our sample
is much larger); and (ii) outliers have been removed in the normative data before
computing the mean and the standard deviation.We do not think it is a good practice
to remove outliers, when these values are not erroneous. Because of the skewness
and the presence of outliers, the median and the percentiles should be used instead
of the mean and the variance, in order to describe the variables and to define the
thresholds. Indeed, the percentiles are more robust to outliers. The normative
thresholds, in our sample, lead to the following percentages of students classified
as impaired readers:

Figure 2. Coefficient of variation and median values from class I to class V.
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Second grade 7.8% (X1), 0.5% (X2), 5.7% (X4), 0.0% (X5)
Third grade 3.0% (X1), 0.0% (X2), 4.5% (X4), 0.5% (X5)
Fourth grade 2.5% (X1), 1.1% (X2), 1.4% (X4), 0.7% (X5)
Fifth grade 2.2% (X1), 0.7% (X2), 1.1% (X4), 0.0% (X5)

These percentages vary greatly not only across the grades but also across the
variables. In second grade, for example, 30 students are classified as impaired
readers with X1 and only two with X2. Many percentages are far from the
expected value (2%). Because of the nonnormality of the variables, the presence
of outliers and the level of asymmetry which is different from one grade to
another, we define the thresholds for Y1 and Y2 in terms of the percentiles. In
particular, we choose x0.5 for discriminating a percentage of people higher than
the expected percentage. As a matter of fact, the proposed procedure is not
intended as a diagnostic test for learning disorders, but it is a screening procedure
for detecting students with heavy difficulties in reading. The causes of these
difficulties are to be defined by subsequent more detailed analyses.

To investigate the validity of the screening procedure, we may analyse the
pairwise correlations between the new variables Y1 and Y3 and the variables
used in the benchmark tests. The correlation matrices are reported in Table 2.
The pairwise correlations are all significantly different from zero (α= 0.01). Even
though the transformation from X1 to X2 and from X3 to X4 is not a linear
one, the values of these pairs of variables are highly correlated. The transforma-
tion from Y1 to Y2 is not a perfect linear transformation (because the words
have different numbers of syllables), but the correlation is nevertheless equal
to 1. The fact that Y1 and Y2 are highly correlated with X1, X2, X4 and X5 gives
evidence that all these variables are a measure of the same aspect of the dys-
lexia phenomenon.

Reading Accuracy

In Table 3, we list the values of some univariate statistics of the variables measuring
reading accuracy (X3, X6 and Y3). Figure 3 shows the empirical distributions of
these variables through boxplots. As well as the variables measuring the reading
speed, variables X3, X6 and Y3 have an empirical distribution, which is asymmetric
and far from the Gaussian. Whereas the mean and the median values of X3 and X6
have a decreasing pattern, from first to fifth grade, the mean and the median values
of Y3 are roughly constant across grades. This different pattern is because the time
in the screening procedure is always equal to 1min, whereas it depends on the
ability of the student in the benchmark tests. In the screening, if one student
increases the performance from one class to the subsequent class, he/she
increases the velocity of reading without penalizing the reading accuracy. Outliers
are all in the ‘direction of pathology’, and this is a desirable property.
The normative threshold values for X3 and X6 are the 95th percentiles obtained
in the study of Sartori et al. (2007). These values are similar to x0.95 obtained in
our sample (and reported in Table 3).

Whereas X3 and X6 are highly correlated, Y3 is not correlated with X3 or with
X6 (Table 4). This is because the time is fixed in the screening procedure. As
previously explained, the number of errors has a different pattern from the
number of errors in a reading test where the time depends on the ability of the
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subject. To further investigate if Y3 measures the same aspect measured by X3 and
X6, we analyse the association between the classifications of the student’s perfor-
mances. Even though two variables are not correlated, they may both lead to the
conclusion that a student is a normal reader (or to the conclusion that he/she is an
impaired reader). The values of the χ2 statistic in the contingency tables obtained

Figure 3. Boxplots of X3 (first line), X6 (second line) and Y3 (third line). First grade is in the first col-
umn, second grade is in the second column, third grade is in the third column, fourth grade is in the

fourth column and fifth grade is in the fifth column.

Table 4. Correlation matrices for variables measuring reading accuracy

First grade Second grade Third grade Fourth grade Fifth grade

X3 X6 Y3 X3 X6 Y3 X3 X6 Y3 X3 X6 Y3 X3 X6 Y3

X3 1 0.8 0.37 1 0.69 0.43 1 0.68 0.31 1 0.61 0.34 1 0.61 0.35
X6 0.8 1 0.38 0.69 1 0.39 0.68 1 0.33 0.61 1 0.28 0.61 1 0.3
Y3 0.37 0.38 1 0.43 0.39 1 0.31 0.33 1 0.34 0.28 1 0.35 0.3 1
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by considering, for each couple of variables, the category 1 (the student has a value
equal to or greater than x0.95 and is classified as an impaired reader) and the cate-
gory 0 (the student has a value smaller than x0.95 and is classified as a normal
reader) have all a p-value smaller than 0.05 (Table 5). Therefore, for α= 5%, we
may reject the null hypothesis of independence between pairs of classifications.

INTERNAL CONSISTENCY

An explorative factor analysis has been performed in order to investigate the
multivariate relationships among variables used in the benchmark tests and in
the screening procedure. The analysis, performed on the correlation matrix
(obtained with the values of all variables in all grades), shows the presence of
two main latent orthogonal factors, both with the principal component (PC) and
with the common factors method (CF). The first factor is highly correlated with
variables measuring speed and, to a less degree, with X3 and X6. With the PC
method, the eigenvalue of this factor is equal to 6 and the percentage of explained
variance is 66.7%. With the CF method, the eigenvalue is 5.83 and the percentage
of variance is 64.8%. The second factor is highly correlated with Y3 and, to a less
degree, with the other variables measuring accuracy (X3 and X6). With the PC
method, the eigenvalue of this factor is 1.28 and the percentage of explained
variance is 14.3%. With the CF method, the eigenvalue is 0.86 and the percentage
of explained variance is 9.6%. Figure 4 and Table 6 summarize the results obtained

Table 5. Contingency tables

Y3< x0.95 Y3≥ x0.95 Total Y3< x0.95 Y3≥ x0.95 Total

X3< x0.95 1327 55 1382 X6< x0.95 1326 57 1383
X3≥ x0.95 65 22 87 X6≥ x0.95 66 20 86
Total 1392 77 1469 Total 1392 77 1469

Figure 4. Biplot resulting from factor analysis applied to the correlation matrix. The factors are
extracted with the principal component method and are unrotated.
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with the PC method. Rotating the factors does not improve the percentage of
variance explained by the first two factors. Drawing from these results, with the
belief that reading speed and accuracy are two different aspects of reading, we
estimate the degree to which the set of variables X1, X2, X4, X5, Y1 and Y2
measures a single unidimensional latent construct (the reading speed) and the
set of variables X3, X6 and Y3 measures another unidimensional latent construct
(the reading accuracy). We estimate the internal consistency of each set of
variables by means of the coefficient w (McDonald, 1999; Zinbarg et al., 2005;
2006), considering the correlation matrix. For the variables regarding speed,
w= 0.86. For the variables regarding accuracy, w= 0.64. Because these variables
have all positive pairwise correlations, we may also calculate the α coefficient of
Cronbach (1951) and their ρ * coefficient (Brown, 1910; Spearman, 1910). We
obtain α= 0:85 and ρ * = 0.70. Regarding the reading speed, if we select variables
having positive pairwise correlations (namely X2, X5, Y1 and Y2), ω is 0.94 and
both the α coefficient and the ρ * coefficient are 0.98. Even though, in each set,
the standardized variables are not τ-equivalent and α gives an overestimation of
the internal consistency, all indexes show high inter-correlation among variables
belonging to each set.

To evaluate the reliability of the new screening procedure, because this
procedure measures two latent construct of the dyslexia phenomenon, we may
consider the percentage of variance explained by the first two factors. With both
the PC and the CF method of extraction, this percentage is 99.97%, which
indicates a very high reliability.

SYNTHESIS OF THE RESULTS OF THE STATISTICAL ANALYSES

As for the statistical analyses, the following results of this study are relevant both
for research and clinical assessment:

• Variables measuring reading speed (both in terms of time or number of words and
in terms of syllables read in a second) are not Gaussian, are asymmetric and
present many outliers. The skew is always positive in variables measuring the time
and the syllables per second in the tests where the time depends on the ability of
the reader. For variables measuring the number of words or syllables read in a
second in a procedure where the time is fixed, the skew is positive during the first
school years and becomes negative during the last school years. The negative
skewness and the presence of outliers smaller than x0.25� 1.5(x0.75� x0.25)
indicate that these variables have a more discriminative power in the last school
years of primary school, when the students read more fluently.

Table 6. Correlations between factors and variables

Factor X1 X2 X3 X4 X5 X6 Y1 Y2 Y3

F1 �0.89 0.93 �0.65 �0.88 0.90 �0.75 0.93 0.94 �0.13
F2 �0.09 0.15 0.54 �0.13 0.15 0.42 0.17 0.17 0.83

The factors are extracted with the principal component method and are unrotated.
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• Variables measuring the number of errors have always a positive skew. This is a
desirable property, because the direction of pathology in these variables is
positive (impaired readers are students with high values in these variables).
Whereas the average number of errors in a test where the time depends on
the ability of the students decreases from first to fifth grade, the number of
errors in a procedure where the time is fixed has a roughly constant pattern.
This means that in a screening with fixed time, if one student increases the
performance from one class to the subsequent class, he/she increases the
velocity of reading without penalizing the reading accuracy.

• Because of the nonnormality of the distribution, the skewness and the presence
of outliers, the threshold values that discriminate between impaired readers and
not impaired readers must be estimated in terms of the percentiles, rather than
with the mean and the variances. Indeed, the percentiles are more robust to
outliers. In our study, the estimates of the means and the variances have been
shown to be significantly different from the means and the variances estimated
in a previous work, whereas the percentile x0.95 has been shown to remain
similar. Moreover, the values x � 2S or x þ 2S have been shown to discriminate
a percentage of students far from 2%.

• Reading speed and accuracy are two orthogonal latent factors of dyslexia. An
explorative factor analysis (performed with different methods of extraction) has
highlighted two main orthogonal factors: the first one correlated with the variables
measuring speed and the second one correlatedwith the variables counting errors.

• The set of all variables measuring speed and the set of all variables measuring
accuracy have both high internal consistencies. This gives evidence that the
number of words and the number of syllables per second read in the screening
procedure are a measure of the same feature measured by the variables
regarding reading speed in the diagnostic tests. In addition, the counts of errors
in the screening procedure are a measure of the same feature measured by the
counts of errors on the list of words and pseudo-words.

A limitation of this study is that children with a certified learning disability are not
included in the sample. Further studies should include these children in the sample in
order to better analyse the discriminating power of the SPILLO screening procedure
and of the benchmark tests. Some statistical procedures, such as discriminant analysis
and artificial neural networks, aimed at determining the set of variables that best
separate between groups (in our case, between impaired and not impaired readers),
require the knowledge of the group membership of observations in the sample.
Administering the screening procedure and the word and pseudo-words reading
tests to children with a certified learning disability may also allow estimating the
probability of a correct diagnosis and the probability of false positive.

CONCLUSIONS

The aim of this study was to develop a new screening tool to identify children at risk
of reading difficulties in primary school. Results and analysis confirm that SPILLO is a
good instrument to be used as a screening test, as it is able to discriminate impaired
readers among normal readers: the reliability of this procedure, as measured by the
percentage of variance explained by the first two factors, is 99%.
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Screening is a methodology used to indicate, with a good level of precision,
whether the subjects tested are at risk in a certain skill. However, a screening
result is not comparable with the result of an accurate diagnostic assessment.
The aim of a screening is not to formulate diagnoses but to identify a population
at risk, who should then participate in a more specific assessment, which has a
good correlation in finding people who need a diagnosis and excluding people
who do not need any further assessment (Wood, Flowers, Meyers & Hill, 2002;
Choi, 1982; 1992; 1996). In order to meet the previously mentioned criteria,
(sensitivity and specificity), the text used for our screening task was selected on
the basis of the average reading skills of primary school students. In order to set
up a sensitive task, the readability of the text was chosen at a difficult level (score
71), but it contains a high percentage (95.57%) of words found in the VdB. The
same text was used for all grades, and this choice has some advantages: (i) it allows
a measure of reading skill improvement across ages and grades; (ii) it reduces
methodological errors in screening made by examiners; and (iii) Italian studies
(Tressoldi, 2008) demonstrated that, although reading speed and accuracy are
influenced by semantic and orthographic features, these effects are stable across
ages. Statistical analysis indicated that a 1-min reading test is suitable to identify,
with a good degree of precision and certainty, subjects who are at risk of
developing reading difficulties.

Moreover, our findings are consistent with previous studies in transparent
orthographies reporting that reading disorder is more evident in terms of speed
rather than of accuracy (Wimmer, 1993). Sometimes the reading can be accurate
but is typically slow and stunted. In our sample, the percentage of variance
explained by the speed factor is 66.7%, whereas the percentage of variance
explained by the accuracy factor is 14.3%

Zoccolotti, De Luca, Di Pace, Judica,Orlandi and Spinelli (1999), Zoccolotti, De Luca,
Judica and Spinelli (2007) and Zoccolotti and Burani (2010) showed that children
with a reading disorder can make a different number of mistakes but proceed in
the written text with tiredness and difficulties. In addition, studies on the develop-
ment of reading in Italian dyslexics (Campanini, Battafarano & Iozzino, 2010;
Re, Tressoldi, Cornoldi & Lucangeli, 2011; Tressoldi, 1996; Tressoldi, Stella &
Faggella, 2001; Tressoldi, Vio & Iozzino, 2007; Tressoldi, Lorusso, Brenbati & Donini,
2008) confirm that the evolution of the disorder is faster for accuracy rather than for
speed, which evolves more slowly. Speed seems to be the most reliable prognostic
indicator for predicting the subsequent development of reading skills.

Finally, some general remarks on social relevance, as a recent Italian act of
parliament on learning disorder assigned this new duty to schools and
recommended primary school children should be screened for reading difficulties
by their teachers under the supervision of professionals in the field. These proce-
dures must foster students’ development of skills involved in school learning (AID,
2009). The use of SPILLO, a computer-based test, gives advantages to examiner
in recording and scoring and makes this instrument an effective screening tool,
which can also be used to test large populations without any specific training.
The use of software that accesses the electronic database allows a more objective
evaluation, as well as the possibility to rapidly obtain a large amount of data on
reading skills at different scholastic levels. Finally, teachers could decide to use this
test to check the average reading skills of their class or to determine the level of
some of their students with the aim of adopting teaching strategies based on their
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students’ abilities. Given its feasibility, the test can be periodically used to monitor
each student’s progress and to indicate the necessity for students who are at risk
to be given extra help. Through the administration of this test after a given period,
it is possible to verify whether a child continues to read at a level that requires
specific intervention (and therefore he/she is likely to have learning disorders),
or whether the child has overcome the difficulty.
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