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Reading is a central cognitive domain, but little research has been devoted to standardized tests
for adults. We, thus, examined the psychometric properties of the 1-min version of Teste de
Idade de Leitura (Reading Age Test; 1-min TIL), the Portuguese version of Lobrot L3 test, in
three experiments with college students: typical readers in Experiment 1A and B, dyslexic
readers and chronological age controls in Experiment 2. In Experiment 1A, test–retest
reliability and convergent validity were evaluated in 185 students. Reliability was >.70, and
phonological decoding underpinned 1-min TIL. In Experiment 1B, internal consistency was
assessed by presenting two 45-s versions of the test to 19 students, and performance in these
versions was significantly associated (r= .78). In Experiment 2, construct validity, criterion
validity and clinical utility of 1-min TIL were investigated. A multiple regression analysis
corroborated construct validity; both phonological decoding and listening comprehension
were reliable predictors of 1-min TIL scores. Logistic regression and receiver operating
characteristics analyses revealed the high accuracy of this test in distinguishing dyslexic from
typical readers. Therefore, the 1-min TIL, which assesses reading comprehension and potential
reading difficulties in college students, has the necessary psychometric properties to become a
useful screening instrument in neuropsychological assessment and research.Copyright©2017
JohnWiley & Sons, Ltd.
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Reading is a core domain in neuropsychological assessment. In adults, reading
abilities account for a significant proportion of variance in other cognitive domains
such as expressive vocabulary (Uttl, 2002), executive functions, attention, working
memory and verbal fluency (Johnson et al., 2006), with a stronger predictive value
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than schooling (i.e. years of education; Johnson et al., 2006), even in tests with no
obvious relation with reading like the clock drawing test (Santana et al., 2013).

Surprisingly, little research has been devoted to standardized reading tests for
adults (Lewandowski et al., 2003; Miller-Shaul, 2005; Nergård-Nilssen & Hulme,
2014; Re et al., 2011; Stevens & Price, 1999; with some exceptions, see, e.g.
Warmington et al., 2013). Indeed, at least four main reasons argue for the need
of such tests with good psychometric properties. First, developmental dyslexia, a
specific reading disorder that affects over 80% of those identified as learning dis-
abled (Shaywitz et al., 2008; Vellutino et al., 2004), is a chronic disorder expressed
by lifelong deficits in decoding (or phonological recoding, i.e. orthographic–
phonological mapping; cf. Share, 1995) and in other phonological abilities like pho-
nological awareness, verbal memory and verbal processing speed (e.g. Miller-Shaul,
2005; Nergård-Nilssen & Hulme, 2014; Pennington et al., 1990; Ramus et al., 2003;
Re et al., 2011; Reid et al., 2007). Second, generalized access to university and anti-
discriminatory policies led to an increase in the number of college students, includ-
ing those with developmental dyslexia (Lewandowski et al., 2003). Third, the rel-
evance of standardized reading tests extends beyond the clinical domain into
research. Although college students are not representative of the population of
adult dyslexic readers, research has often been conducted with them (e.g. Ramus
et al., 2003; with some exceptions, see, e.g. Nergård-Nilssen & Hulme, 2014)
because they offer a methodological advantage; dyslexic college students are
massively exposed to written material and thus if they continue to present deficits
in literacy-related abilities, these cannot be due to reduced exposure to print.
Furthermore, although the reading disorder is typically diagnosed during
childhood, current reading skills are important as well. Dyslexic adults with deficits
only in phonological decoding show differences in brain morphological structure
relative to those with deficits in phonological decoding and text comprehension
(Welcome et al., 2011). Finally, the lack of standardized tests for adults is also
related with the scarcity of cross-linguistic research on the cognitive profile of
adult dyslexic readers (for a discussion, see, e.g. Miller-Shaul, 2005; Nergård-
Nilssen & Hulme, 2014; Re et al., 2011; Simmons & Singleton, 2000).

In the present study, we aimed to provide a norm-referenced screening test of
reading problems for college students, one that allows to quickly differentiate
typical readers from those with potential reading difficulties. We examined the
psychometric properties of a brief (1min) reading comprehension test, originally
adapted by Sucena and Castro (2008) to European–Portuguese for 8- to 11-year-
old children (i.e. from the second to fifth grade), that is, the Teste de Idade de
Leitura (TIL) from the original French test L3 of Lobrot (1973).

Teste de Idade Leitura is a sentence comprehension test with a paper and pencil
format, arranged in two A5 sheets, each with 18 sentences arranged in column
(total of 36 sentences). At the end of each sentence, the last word is missing,
and five words are presented in parenthesis. The participant is asked to select
by circling which of the words correctly completes each sentence within a time
limit of 5min for as many sentences as possible (for more details, see Sucena &
Castro, 2008; Vilhena et al., 2016). For example (the correct word is underlined),
Item 1: Pega na saca e vai-me comprar…; hold the bag and go to buy… (artes,
laranjas, lâminas, lavatórios; arts, oranges, blades; sinks); Item 11: Eles trabalham o
dia inteiro e à noite…; they work all day and at night they… (olham, quebram,
penteiam, descartam, descansam; look, break, comb, discard, rest); Item 18: Durante
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a noite, espero que tenhas bons…; during the night, I hope you have good… (sonhos,
olhos, lápis, sorrisos, peixes; dreams, eyes, pencil, smiles, fishes); Item 24: Qual é o
teu jogo preferido? Ping-pong, bilhar, dominó ou…; what is your favourite game?
Ping-pong, snooker, domino, or… (camisas, cartas, malas, focas, mãos; shirts, cards,
bags, seals, hands); Item 35: O marido de uma filha é para a mãe dessa filha o…;
the husband of a daughter is to the mother of that daughter the… (gigante, agente,
genro, gesso, gente; giant, agent, son-in-law, plaster, people).

In the present version for adults, the time limit was shortened to 1min (hence
the name 1-min TIL) in order to prevent ceiling effects. Indeed, with the 5min
limit, 11-year-old fifth-grade children present a high performance of, on average,
80% sentences correctly completed (28.5 out of 36, SD=5.0; Sucena & Castro,
2008) and college students are at ceiling (Sucena et al., 2014). Thus, dyslexic
readers who are college students would likely perform at ceiling as well.
Furthermore, none of the students examined by Sucena et al. had a null perfor-
mance (of 0%) within 1min. An additional advantage is that a 1-min test can be
applied in any context, does not require much time nor financial resources and
is suited for routine use in clinical practice (Stevens & Price, 1999). Time is
probably less relevant in clinical assessment than in screening, but reading tests
are ‘often chosen for quickness at the expense of quality, due to the extensive
testing in other areas’ (Stevens & Price, 1999, p. 69).

Our selection of TIL was based on practical and theoretical criteria. At the
practical level, no norm-referenced test is available in Portugal for the adult
population.1 The TIL has good clinical validity in children (e.g. Sucena et al.,
2009), providing percentiles, average scores and standard deviation for each
school grade between second and fifth-grade based on a sample of 614 children.
TIL was recently used to examine the prevalence of dyslexia in Portuguese second
to fourth-grade children, which was found to be of 5.4% (Vale et al., 2011). Sucena
et al. (2014) have also used TIL to examine the reading performance of college
students at a top Portuguese university and found that 18% had a reading
performance similar to the best 9-year-old readers in the fourth grade. Whether
this reflects a poor reading performance is unclear as no norm-referenced test is
yet available for adults.

At the theoretical level, we selected TIL taking into account that no test offers a
pure measure of any specific cognitive ability. Indeed, reading comprehension
depends on decoding and linguistic comprehension (i.e. the ability to derive
sentence and discourse interpretations from lexical and semantic information at
the word level; Hulme & Snowling, 2014), in line with the simple view of reading
(Gough & Tunmer, 1986; Hoover & Gough, 1990). Decoding depends on letter
knowledge and phonological skills during the early stages of reading acquisition,
and in later stages, it depends on word identification and phonological decoding
(the latter usually assessed with non-word reading; Braze et al., 2015; Hulme &
Snowling, 2014). Linguistic comprehension is also a multifactorial construct; it
comprises oral language skills that are necessary to comprehend words, but
expressive vocabulary has been used as proxy in studies with adults (e.g. Braze
et al., 2015). Both types of skills (decoding and listening comprehension) can be
dissociated and are causally related to reading comprehension throughout
development (García & Cain, 2014). Both are involved in any reading comprehen-
sion test. Performance will be a product of their weighting, which, in turn, is also
affected by test format (Cutting & Scarborough, 2006; Lewandowski et al., 2003;
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Nation & Snowling, 1997; for a meta-analysis about the relative importance of
decoding to reading comprehension considering assessment characteristics,
see García & Cain, 2014). Note that we aimed for a test that would be strongly
saturated in phonological decoding for two reasons. First, a phonological deficit
is at the core of developmental dyslexia (Vellutino et al., 2004). Second, phono-
logical decoding plays a major role in reading in European–Portuguese, not only
in children (e.g. Seymour et al., 2003; Sucena et al., 2009) but also in fluent
adult readers (Lima & Castro, 2010). Typically developing European–Portuguese
children show a reading accuracy similar to that of children from deeper
orthographies (i.e. orthographies with less grapheme–phoneme consistency),
but reading is typically faster in Portuguese (Seymour et al., 2003), because it
is an orthography of intermediate depth (for details, see, e.g. Lima & Castro,
2010; Sucena et al., 2009), that is, more transparent than French or English
but deeper than Italian, Spanish or Dutch. Therefore, decoding may not be as
problematic for typically developing Portuguese readers as compared with
English-speaking readers. Based on the recent meta-analysis of García and Cain
(2014), we chose a reading comprehension test with a multiple choice format
(see also, e.g. Nation & Snowling, 1997; Wilson & Lesaux, 2001) that involved
silent reading and was time-limited because the strongest association with
phonological decoding (assessed with nonword reading) was found for tests
with this format. We also preferred a time-limited test because most dyslexic
adults who are college students have read extensively and may have compen-
sated for their reading difficulty at the expense of fluency (Elbro et al., 1994;
Miller-Shaul, 2005; Shaywitz et al., 2008). Thus, in the 1-min TIL, inefficient
word decoding would hinder the allocation of available cognitive resources to
text comprehension (Cutting & Scarborough, 2006). As TIL was originally
developed for children, it only requires basic comprehension skills, and hence,
its linguistic content would not pose difficulties to adults. Nevertheless, as
shown in the examples aforementioned, its content is not child-specific, and
hence, is suited for Portuguese adults too.

The present study comprised three experiments. Experiments 1A and 1B
composed the normative sub-study. In Experiment 1A, we examined the
performance of typically developing readers to gather norms and the correspond-
ing percentile ranks. Reliability was assessed with a test–retest procedure, because
the time-limited format prevented the adoption of a split-half procedure. To
examine convergent validity, and because no benchmark reading comprehension
test was available, we used a reading aloud test of isolated items. Experiment 1B
was a complementary experiment in which TIL’s internal consistency was examined.
Experiment 2 was the clinical sub-study, on which we investigated construct
validity, criterion validity and clinical utility of the 1-min TIL using a case-control design
(i.e. the same number of chronological age controls and dyslexic readers; Fischer
et al., 2003). Given that TIL requires basic comprehension skills and is supposed to
be strongly saturated in phonological decoding, relative to chronological age
controls, dyslexic readers were expected to present lower performance because
of their decoding deficit.

In Experiment 2, two facets of ecological validity were also considered (Spooner
& Pachana, 2006), given that neuropsychological tests should reflect cognitive
functioning in real-world situations, and psychometric data alone are no longer
sufficient for diagnosing developmental dyslexia (e.g. DSM-5; American Psychiatric
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Association, A. P. A, 2013). Verisimilitude (i.e. the similarity between the cognitive
demands of the test and those of everyday situations) was part of the selection
criteria: silent reading is an everyday task for college students and text compre-
hension is the goal of real-world reading. Veridicality (i.e. the extent to which test
scores are related to other measures predicting real-world performance) was
assessed with a self-report measure of reading (Lefly & Pennington, 2000;
Tamboer & Vorst, 2015).

EXPERIMENT 1 (1A AND 1B)

Experiment 1A and B formed the normative sub-study of the present work. In
Experiment 1A, we collected the normative 1-min TIL scores from 185 college
students; two subsamples were further tested to examine test–retest reliability
and convergent validity. The latter was examined with a reading aloud test of
isolated items given that no norm-referenced reading comprehension test is
available in Portuguese. Furthermore, prior studies have shown that poor text
comprehension by dyslexic adults is consequence and not cause of the decoding
deficit, and this deficit is also expressed by poor reading fluency, that is, the time
taken to correctly read aloud an item (e.g. in Danish: Elbro et al., 1994; in Hebrew:
Miller-Shaul, 2005; in Norwegian: Nergård-Nilssen & Hulme, 2014; in Italian: Re
et al., 2011; in Polish: Reid et al., 2007; and in English: Simmons & Singleton,
2000). We thus examined convergent validity with the Portuguese version of
the reading fluency subtest of the Differential Diagnosis Dyslexia Maastricht Battery,
3DM (Pacheco et al., 2014; Reis et al., in preparation), given that phonological
decoding should be predominant in the 1-min TIL and in a reading fluency test.

Experiment 1B was a complementary experiment conducted with another
group of participants to examine internal consistency.2 A similar procedure as in
Experiment 1A was adopted, with the exception that instead of a single session,
TIL was presented in two 45-s sessions in which participants performed the test
on half of the items: the first column in the first session and the second column
in the second session.

Method

Participants
All were college students and European–Portuguese native speakers with no his-
tory of neurological, psychiatric or developmental disorders (including dyslexia).

In Experiment 1A, 185 students (102 women, 83 men; similar proportion,
X2(1)=1.95, p= .16), who were on average 22.8 years old (SD=5.25; range: 18–
48), from Universidade do Algarve and Universidade do Porto, Portugal, partici-
pated voluntarily and completed the 1-min TIL. From these students, further test-
ing involved two subsamples: 22 (7 women, 15 men; X2(1)=2.91, p= .09) with an
average age of 21.5 years (SD=0.74) who performed the 1-min TIL again; and 50
(29 women, 21 men; X2(1)=1.28, p= .26) with an average age of 22.4 years
(SD=4.2) who performed the 3DM reading fluency test.

In Experiment 1B, 19 students (15 women, 4 men), from Universidade de
Lisboa, Portugal, on average 21.1 years old (SD=2.48; range: 18–29), volunteered
to participate.
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All experiments followed the ethical guidelines of the Declaration of Helsinki.

Materials and procedure
In Experiment 1A and B, TIL was collectively administered in a university seminar
room. Before the test, participants were presented with four practice items in a
different sheet to ensure they understood the task. For these items, there was
no time limit, and feedback was provided.

Next, in Experiment 1A, participants were presented with the A4 sheet
(organized into two A5 sheets with 18 items each) and asked to perform the
multiple choice sentence completion test as fast and accurately as possible until
the allotted time had elapsed (of 1min, not indicated to participants). They were
warned that they would not reach the end of the test and this was no cause to
worry.

The same instructions were given in Experiment 1B, but each of the 18-item
columns of TIL was printed on a separate A4 sheet (one per sheet) and was
presented to the participants one at a time, after having been informed that they
would perform the test twice. They were asked to perform the test until the
allotted time (45 s) had elapsed. After collecting the first sheet, the second was
distributed and participants were again asked to perform the test.

Performance in TIL was computed as the total number of sentences correctly
completed.

In Experiment 1A, two subgroups performed another testing session. One
subgroup (n=22) was contacted to participate in a second session ~1month
afterwards, for test–retest examination; another subgroup (n=50) was assessed
individually in the 3DM test for convergent validity examination. The 3DM test
includes three lists (high-frequency words, low-frequency words, non-words; for
details, see Pacheco et al., 2014; Reis et al., in preparation) to be read aloud. These
were presented in a fixed order, using E-Prime 1.0 (http://www.pstnet.com/
eprime). Participants were asked to read aloud as fast and accurately as possible
the stimuli presented in the computer screen (for 30 s per list). Performance
was computed as the number of items correctly read per list.

Results and Discussion

Experiment 1A
College students were able to correctly complete, on average, 15.53 sentences
(SD=3.09) of the 1-min TIL, with 95% CI [15.09, 15.98]. The median and mode
of performance was 15. Thus, in a brief time limit of 1min, college students who
are typical readers were able to select the correct word of almost half of the
sentences presented. This result indicates the appropriateness of this time limit
to avoid ceiling and floor effects: none of the students had a performance at ceiling
(the highest score observed was 25) or at floor (the lowest score was 7). As
shown in Figure 1, the distribution of 1-min TIL scores was symmetrical, with
skewness close to 0, that is, �0.028 (SE= .18), a single peak at the centre of the
distribution and kurtosis of 0.63 (SE= .35). Yet, it did not follow a normal distribu-
tion, Shapiro–Wilk test, W= .98, p= .002, precluding the computation of z-scores
(Crawford et al., 2009).

There was no difference in performance between women and men, (Mann–
Whitney U test, p= .654), in line with prior studies with college students
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(Lewandowski et al., 2003; Uttl, 2002). The scores were not associated with age,
rs= .05, nor with schooling, rs=�.03 (both ps> .45), probably because participants
were fluent readers from a homogenous sample. Indeed, they had on average
15.1 years of education (SD=1.4) and were typical readers with no complaints
on reading acquisition or current reading skills. The independence between the
1-min TIL and age and schooling was thus expected.

Percentiles were computed across sex as the percentage of scores falling below
the score of interest plus half of those at this score (Crawford et al., 2009). The
raw scores and critical percentile ranks are presented in Table 1. Note that test
scores correspond to a point estimate of a real-valued score that lies in a specific
interval. Therefore, a partial overlap between intervals of close percentile ranks is
expected, and percentile values should be interpreted accordingly. For example, as
shown in Table 1, there is a partial overlap between the interval estimates of

Table 1. Performance in the 1-min TIL (raw score, i.e. number of correct responses, out of 36) of
the normative sample (Experiment 1, N= 185): percentile ranks and 95% interval estimates

Raw
score

Percentile
rank

95% Interval percentile rank

Lower Upper

8 1 0.2 4.8
10 5 2.1 10.4
12 10 6.4 17.1
13 16 10.6 23.0
14 25 16.5 35.8
15 50 30.2 57.7
17 75 61.5 77.9
19 90 80.9 93.6
21 95 91.6 98.2
25 99 97.9 100.0

TIL, Teste de Idade de Leitura (Reading Age Test).

Figure 1. Histogram of the frequency distribution of 1-min TIL scores by college students (N= 185).
TIL, Teste de Idade de Leitura (Reading Age Test).
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Percentiles 5 and 10, signalling the limits of test precision. Therefore, it was not
possible to estimate with sufficient precision the percentile values between these
percentile ranks (e.g. Percentile 7). However, for those in Table 1, the 1-min
TIL was sufficiently accurate. A 1-min TIL score of 13 was at Percentile 15 with
a 95% CI between Percentiles 10.6 and 23.0, and hence, could be an appropriate
cut-off score to distinguish typical and dyslexic readers. The rationale of this
cut-off score is discussed in Experiment 2, where criterion validity and clinical
utility were examined.

For the subgroup that performed the 1-min TIL twice,3 performance on the
second session was significantly higher (M=17.91, SD=3.42; 95% CI [16.39,
19.43]) than on the first (M=15.36, SD=2.94; 95% CI [14.06, 16.66]), t(21)
=2.54, p< .001, probably because of practice. The correlation between perfor-
mance in the two sessions was strong, r(20)= .71, p= .002, showing the stability
of 1-min TIL scores and demonstrating good test–retest reliability.

For the subgroup that performed the two reading tests, performance in the
3DM reading fluency test4 was significantly modulated by list (high-frequency
words, low-frequency words, non-words: within-participants variable), F(2, 98)
=249.29, p< .001, ηp2= .857. As expected and already found in Portuguese chil-
dren (e.g. Moura et al., 2015; Pacheco et al., 2014; Sucena et al., 2009) and
adults (Lima & Castro, 2010), college students showed a frequency effect, with
significantly more high-frequency words read in 30 s (M=65.90, SD=7.74;
95% CI [63.70, 68.10]) than low-frequency words (M=58.94, SD=9.70; 95%
CI [56.18, 61.70]), F(1, 49)=78.50, p< .001, and a lexicality effect, with better
performance for high-frequency and low-frequency words than for non-words
(M=43.70, SD=8.81; 95% CI [44.80, 49.80]), both Fs(1, 49)>300, ps< .001.
Performance in the 1-min TIL was significantly associated with the three lists
of the 3DM test: high-frequency words, r= .48; low-frequency words, r= .58;
and non-words, r= .69, all ps< .005, demonstrating, as expected, that the two
tests share reading processes (Elbro et al., 1994; García & Cain, 2014;
Lewandowski et al., 2003; Nation & Snowling, 1997). These correlation coeffi-
cients are similar to those reported for American college students
(Lewandowski et al., 2003), for whom the association between reading compre-
hension and reading fluency was examined with the Nelson Denny Reading
Test, Comprehension and Reading Rate and the Word Attack subtest of the
Woodcock Johnson Test of Achievement-Revised. Additionally, a Principal
Component Analysis (PCA)5 demonstrated that the 1-min TIL and 3DM tests
shared phonological decoding processes, as performance was grounded by a
common factor that explained 77.84% of the total variance. Therefore, the cor-
relation matrix analysis and PCA suggest that decoding abilities are a critical
component of the 1-min TIL, arguing for the convergent validity of this test.

Experiment 1B
College students who performed TIL in 45-s periods were able to correctly com-
plete, on average, 11.95 sentences (SD=2.41) of the first column, with 95% CI
[10.78, 13.11], and 8.89 sentences (SD=2.62) of the second, with 95% CI [7.63,
10.16] (total average performance of 20.84, SD=4.75, 95% CI [18.55, 23.13]).
Importantly, these scores were significantly associated, r(17)= .78, p< .001,
demonstrating good internal consistency.
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EXPERIMENT 2

In this clinical experiment, we further investigated construct validity and criterion
validity (including clinical utility) of the 1-min TIL. Regarding construct validity, we
administered a battery of standardized and experimental measures to dyslexic and
chronological age control college students and considered the association of 1-min
TIL scores with two sets of measures: (i) with those related with linguistic
comprehension and with decoding, because these skills are components of any
reading comprehension test, even in adults (García & Cain, 2014; Gough &
Tunmer, 1986; Hoover & Gough, 1990; Hulme & Snowling, 2014), and next pho-
nological decoding and listening comprehension were examined as predictors of 1-
min TIL scores; and (ii) with measures of phonological abilities (i.e. phonological
memory, word reading fluency and rapid automatized naming, RAN), visuospatial
working memory and non-verbal intelligence. Criterion validity was examined in
logistic regression and receiver operating characteristic (ROC) analyses on 1-min
TIL scores, thus quantifying the clinical utility, specificity and sensitivity of this test.
This type of analysis has been successfully applied to determine the classification
properties of psychological tests (McFall & Treat, 1999).

We also provided an operational estimate of ecological validity, by examining
the association between 1-min TIL scores and the Adult Reading History Question-
naire, ARHQ (Lefly & Pennington, 2000; Portuguese version: R. A. Alves & Castro,
2005), given that self-reported measures seem to be strongly correlated with
performance in objective reading tests (Nergård-Nilssen & Hulme, 2014;
Tamboer & Vorst, 2015).

Method

Participants
Thirty-eight European–Portuguese college students (M=23.4 years old, SD=4.4;
range: 18–35) from Universidade do Algarve, Portugal, were paid to participate
and gave their informed consent. They had normal-range non-verbal intelligence,
with an average non-verbal IQ score of 105.5 (SD=8.8; CI 95% [102.0, 108.0])
in the Portuguese version of Wechsler Adult Intelligence Scale-Third Edition
(WAIS-III; Wechsler, 1997a; computed over the Block Design, Matrix Reasoning,
Picture Completion and Digit Symbol Coding subtests). Nineteen students (12
women, seven men) had a prior formal diagnosis of developmental dyslexia with
no other co-morbid disorder, supported by a clinical report. They also presented
significant complaints about their current reading skills in the ARHQ (Lefly &
Pennington, 2000; Portuguese version: R. A. Alves & Castro, 2005). The 19 typical
readers had no known history of neurological, psychiatric or developmental
disorders, nor reading complaints, and were matched to the dyslexic group in
age, F<1, and sex (12 women, 7 men), Fisher’s exact test, p= .63.

Materials and procedure
Participants performed the 1-min TIL and the 3DM reading fluency test as in
Experiment 1A. They also performed eight additional tests.

The ARHQ (Lefly & Pennington, 2000) is a self-report measure that examines
the risk of reading difficulties in adults based on reading history and current
reading habits. The Portuguese version (Alves & Castro, 2005) comprises 25

74 T. Fernandes et al.

Copyright © 2017 John Wiley & Sons, Ltd. DYSLEXIA 23: 66–87 (2017)



Likert-type items in a 0–4 scale (the higher the score, the stronger the complaint;
maximum score of 100).

The Vocabulary subtest of WAIS-III (Wechsler, 1997a) was used to examine
expressive lexical knowledge and as an index of general language and listening
comprehension skills (Braze et al., 2015). The Digit Span subtest (Wechsler,
1997a) examined phonological working memory. Performance in both tests was
converted to normalized standard scores.

The Corsi block test of the Wechsler Memory Scale (Wechsler, 1997b)
examined visuospatial working memory. It is a 3D analogue of the Digit Span
test; participants are asked to reproduce the sequence of tapping blocks in
the same, forward sequence (in the first list), and in backward order (in the
second list). Performance was computed as the total number of sequences
correctly performed because no norm-referenced scores are available in
Portuguese.

The two phoneme awareness tasks (Francisco & Faísca, 2012) required
phoneme manipulation and have often been used with adults (e.g. Nergård-Nilssen
& Hulme, 2014; Ramus et al., 2003; Reid et al., 2007; Vukovic et al., 2004; Wilson
& Lesaux, 2001) and children (e.g. Moura et al., 2015). In the phoneme deletion task,
participants were asked to say the target word (presented aurally) without the
initial phoneme in the first block and without the last phoneme in the second block
(total of 18 items). Performance was computed as the total of correct responses.
In the spoonerism task, participants were asked to swap the initial sound of the two
aurally presented words and to produce the resulting words (e.g. no tails would
result in toe nails). Performance was computed as the number of words correctly
produced (out of 38 words; 19×2 words).

Two RAN tasks – with letters and with digits – examined verbal processing
speed and lexical access. Participants were required to name aloud the stimuli pre-
sented in a 5×10 A4 sheet matrix, with no repetition in a row (Alves et al., 2007).
Each RAN task comprised five stimuli repeated 10 times each (total of 50 items).
Accuracy was at ceiling in both groups; performance was thus computed as the
time taken to name all items.

Results and Discussion

Average performance of the two groups in each test and their comparison are in
Table 2, as well as an estimate of the effect size for each test (i.e. the ratio of the
difference between the average performance of dyslexic and control readers and
the SD of the control group).

The two groups were adequately matched on non-verbal abilities given that
they did not differ in non-verbal IQ nor visuospatial working memory. In contrast,
dyslexic readers tended to present worse expressive vocabulary than controls,
but the difference was small and is probably a consequence of reading level
(Simmons & Singleton, 2000; Vellutino et al., 2004).

In consonance with the results of Experiment 1, the performance of the control
group in the 1-min TIL fell within the normal range (Table 2) and did not differ
from the average result of the normative sample of Experiment 1A (i.e.
M=15.53, SD=3.09), t<1, p= .38. In contrast, dyslexic readers’ performance
was significantly below that of the normative sample, t(17)=�6.12, p< .001.
Nevertheless, for both groups, errors were virtually non-existent and did not
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differentiate dyslexic from typical readers. This pattern of results agrees with the
observation of Sucena et al. (2014) that TIL only requires basic comprehension
skills. Furthermore, as shown by the effect sizes reported in Table 2, the strongest
difference between groups was found for the reading tests, including the 1-min
TIL, in line with prior evidence in languages varying in orthographic depth (e.g.
Elbro et al., 1994; Re et al., 2011; Vukovic et al., 2004; Wilson & Lesaux, 2001).
These results indicate the persistence of reading difficulties even in college
students massively exposed to print.

The construct validity of the 1-min TIL was further assessed by correlation
analyses between the 1-min TIL and the other cognitive tests. As shown in
Table 3, the performance in the 1-min TIL was not associated with non-verbal
IQ nor visuospatial working memory. In contrast, the strongest correlation was
found with the 3DM reading fluency test, across lists: r= .83, p< .001. This
result agrees with the correlation pattern found in Experiment 1A, suggesting
that the 1-min TIL is significantly saturated in decoding abilities.

As shown in Table 3, the 1-min TIL was moderately associated with vocab-
ulary. This result is in line with prior studies showing that both skills continue
to be reliable predictors of text comprehension in adults (Elbro et al., 1994;
García & Cain, 2014; Lewandowski et al., 2003) and with the simple view of
reading (Gough & Tunmer, 1986; Hoover & Gough, 1990). The 1-min TIL
was also moderately associated with phonological working memory (assessed
with Digit Span) probably due to the test format itself (García & Cain, 2014;
Simmons & Singleton, 2000): participants must hold information in memory
to be able to select the correct word that completes each sentence, but both
remain visible during response, thus reducing the contribution of phonological
memory to 1-min TIL performance.

Noteworthy, the association between the 1-min TIL and phonological
awareness was significant, with correlation coefficients of similar magnitude for
the phoneme deletion task, r= .38, p= .018, and the spoonerism task, r= .35,
p= .032 (cross-task, Table 3). This association is remarkable given that, whereas
performance in the 1-min TIL involved silent reading and a speeded component,
none was involved in the phoneme awareness tasks. Yet, the dyslexic group
presented worse phonological awareness than controls (Table 2), and hence, this
correlation was possibly inflated by merging the two into a single group. When
only typical readers were considered, the association between 1-min TIL and
phoneme awareness continued to be reliable, r(17)= .46, p= .045.

Rapid automatized naming was more associated with the 1-min TIL (across
material, r=�.77, p< .001) than phonological awareness (Table 3). Indeed, apart
from the reading tests, the strongest difference between typical and dyslexic
Portuguese adults was found for RAN, especially with letters (see also Table 2).

Next, to provide stronger evidence on construct validity, we ran a regression
analysis on 1-min TIL scores, using phonological decoding and listening compre-
hension as predictors. Given the moderate-to-strong correlation between perfor-
mance in several of the cognitive tests examined, namely, those underpinned by
phonological decoding (Table 3), to prevent multicollinearity of the predictors
and still provide reliable results with such a small sample as the one examined here
(e.g. Tabachnick & Fidell, 2007), we first conducted a PCA7 to extract the latent
factor of phonological decoding. It accounted for 73.11% of the total variance of
performance in non-word reading, RAN-with-letters, and phoneme awareness
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(the total score in the two tasks). In the regression analysis, the individual
standardized scores of phonological decoding derived from the PCA were used
as predictor, as well as expressive vocabulary as a proxy of linguistic comprehen-
sion7 (Braze et al., 2015). This model significantly predicted 1-min TIL scores, F(2,
34)=35.04, p< .001, explaining more than 65% of the variance, R2adj = .66. Impor-
tantly, both predictors significantly contributed to 1-min TIL scores: phonological
decoding, βstandardized = .69, t=6.30, p< .001; listening comprehension:
βstandardized= .22, t=2.05, p= .048. Therefore, the 1-min TIL is strongly saturated
in phonological decoding, but listening comprehension is also a reliable predictor.

To examine the clinical utility of the 1-min TIL, we used logistic regression to
determine whether these scores allowed to correctly classify college students
with a prior diagnosis of developmental dyslexia versus those without reading
difficulties. This was indeed the case, X2

(1) =23.57, p< .001, NR2= .62. The 1-min
TIL alone was able to correctly classify dyslexic readers in 84.2% of the cases
and typical readers in 89.5% of the cases. Overall, 86.8% of the participants were
correctly classified on their reading abilities by 1-min TIL scores. These results
show the high predictive validity of this screening test.

We also conducted an ROC analysis to examine sensitivity and specificity of
the 1-min TIL. Positive and negative predictive values of the test were not
calculated given that they depend on the prevalence of the disorder, but the
area under the curve (AUC), as well as sensitivity and specificity values do not,
and hence, can be examined in a case-control design as the present one (e.g.
Fischer et al., 2003). The AUC is one of the most useful indexes of the ability
of a screening test to discriminate between positive and negative results (McFall
& Treat, 1999). Here, it summarizes the discriminative ability of the 1-min TIL:
the greater the AUC and closer to 1, the better this test in distinguishing
college students with developmental dyslexia from those with no reading deficit.
As shown in Figure 2 and in line with the results of the logistic regression, the
AUC was .90 (SE= .06), p< .001, 95% CI [.79, 1.0], far above a random classi-
fication, which corresponds to a high-level classification accuracy (cf. Hosmer &
Lemeshow, 2000). In the majority of cases, 1-min TIL scores distinguished
controls from college students with dyslexia, thus demonstrating good criterion
validity.

Although the AUC summarizes the discriminability of the test across the full
range of scores (Fischer et al., 2003), we also examined the effectiveness of specific
cut-off scores (based on the results of the normative experiment; Experiment 1) in
distinguishing typical readers from those with a potential reading difficulty. To this
aim, we computed the Youden index (J), which represents the maximal sum of sen-
sitivity and specificity of the test (Youden, 1950), and which, like AUC (Fischer
et al., 2003), is independent of the relative size of groups (Youden, 1950). The op-
timal cut-off of the 1-min TIL (i.e. the maximized Youden J index: .737)
corresponded to a score of 13. With this cut-off score, the 1-min TIL has a spec-
ificity of .90 and sensitivity of .84, corroborating the high utility of this test as a
screening instrument. In the normative sample (Experiment 1 and Table 1), this
score corresponds to Percentile 16 (with 95% CI between Percentiles 10 and
23). When considering more stringent cut-off scores, the sensitivity of 1-min
TIL increased to 1 but specificity decreased substantially; for a cut-off score of
10, at Percentile 5 in the normative sample (95% CI between Percentiles 2 and
10), specificity was .42 and the Youden index was .42; for a cutoff score of 12,
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at Percentile 10 (95% CI between Percentiles 6 and 17), sensitivity was .68 and the
Youden index was .68.

Finally, regarding ecological validity, performance in the 1-min TIL and the
ARHQ was significantly associated, r=°.734, p< .001: the lower the 1-min TIL
scores, the stronger college students’ complaints about their reading skills. Indeed,
dyslexic participants expressed significantly more and stronger complaints than
controls. Self-report measures are able to differentiate dyslexic from typical
readers (Nergård-Nilssen & Hulme, 2014; Tamboer & Vorst, 2015). Yet, college
students are highly exposed to written material, and hence, they have ample
opportunity to become aware of their reading abilities. The association between
1-min TIL and AHRQ was inflated given that dyslexic and control readers were
merged into a single group. Yet, it was still significant for the dyslexic group alone,
r(17)=�.46, p= .047; for typical readers, the association was negative but no
longer reliable, r(16)=�.25, p= .32.

GENERAL DISCUSSION

The importance of reading assessment in adults is amply recognized (Elbro et al.,
1994; Johnson et al., 2006; Lewandowski et al., 2003; Miller-Shaul, 2005;
Nergård-Nilssen & Hulme, 2014; Re et al., 2011; Reid et al., 2007; Santana et al.,
2013; Shaywitz et al., 2008; Simmons & Singleton, 2000; Stevens & Price, 1999;
Warmington et al., 2013; Wilson & Lesaux, 2001). However, no norm-referenced

Figure 2. Receiver operating characteristic (ROC) curve of the 1-min TIL (n= 38, cut-off = 13,
AUC= .896). The red diagonal corresponds to a random classification; the ROC curve (in blue)
represents the correct classification by the 1-min TIL. Teste de Idade de Leitura (Reading Age Test).

This figure is available in colour online at wileyonlinelibrary.com/journal/dys
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test was hitherto available for assessing reading comprehension in Portuguese
adults. In this study, we investigated the psychometric properties of a brief
screening test, that is, the 1-min TIL, which assesses reading comprehension and
potential reading difficulties in Portuguese college students. It is a paper and pencil,
multiple-choice, sentence completion test, which involves silent reading and is
time-limited. We chose this test format because phonological decoding abilities
would be preponderant (e.g. García & Cain, 2014; Lewandowski et al., 2003;
Nation & Snowling, 1997; Wilson & Lesaux, 2001), which was indeed what we
found.

The present results have shown good psychometric properties for this screen-
ing test.

Regarding reliability, the 1-min TIL has good test–retest reliability (>.70;
Experiment 1A) and good internal consistency (.78; Experiment 1B). Convergent
validity was examined in Experiment 1 using the 3DM reading fluency test because
no criterion reading comprehension test was available and, as expected, both tests
were significantly associated and highly saturated in the same latent component,
that is, phonological decoding. Additionally, in Experiment 2, the strongest
correlation between the 1-min TIL and other cognitive tests was found for the
3DM reading test. Moderate-to-strong associations were also found for phonolog-
ical memory, phoneme awareness and RAN, which are also underpinned by
phonological decoding, albeit to a lesser extent than non-word reading (Araújo
et al., 2014; Braze et al., 2015; Hulme & Snowling, 2014; Share, 1995).

Specifically, the 1-min TIL scores were significantly associated with phoneme
awareness, showing that the association previously reported in Portuguese
children, including dyslexics (e.g. Moura et al., 2015; Sucena et al., 2009), con-
tinues to be reliable in young educated adults. The present results also converge
with those showing word length effects (a trademark of phonological decoding at
grapheme–phoneme unit-level) in Portuguese college students, who flexibly
adopt a phonological decoding strategy in specific reading conditions (at least in
lexical decision and in reading aloud mixed lists of words and non-words; Lima
& Castro, 2010). Note that the association between reading performance and
phonemic awareness cannot be explained by considering the latter a proxy of
phonological decoding skills. Although the automatic mapping of phonological
into orthographic representations facilitates performance in such metalinguistic
tasks (Hulme & Snowling, 2014), phonemic awareness is not an orthographic task
but one based on the explicit analysis of phonological representations into basic
constituents. In contrast, RAN, especially the one with letters, does involve
phonological decoding, which explains the stronger association of TIL with
RAN than with phoneme awareness found in Experiment 2. In fact, the associa-
tion between TIL and RAN presumably has several causes: both tests have a
speeded component, involve similar eye movements (both require a visual
inspection from left to right and up to down) and phonological aspects such as
the mapping of a visual (i.e. orthographic in the case of letters, and hence, letter
knowledge as well) into a phonological representation and the automatic access
to and retrieval of phonological codes (for a recent meta-analysis about RAN
and reading, see Araújo et al., 2014; for a review, see Norton & Wolf, 2012).
These components also explain, at least partially, the strong association we found
between RAN, reading fluency (of non-words and words) and reading compre-
hension. These results are in line with prior evidence on adults of other
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orthographic backgrounds (Miller-Shaul, 2005; Nergård-Nilssen & Hulme, 2014;
Reid et al., 2007; Vukovic et al., 2004) and with a recent meta-analysis on child
and adolescent readers (<18-year-olds; Araújo et al., 2014).

Furthermore, demonstrating construct validity, the regression analysis of
Experiment 2 showed that besides phonological decoding, listening comprehen-
sion (with expressive vocabulary as proxy; see, Braze et al., 2015) was a reliable
predictor of 1-min TIL scores. This result is consistent with the simple view of
reading (Gough & Tunmer, 1986; Hoover & Gough, 1990) and prior evidence
(Elbro et al., 1994; Lewandowski et al., 2003; Miller-Shaul, 2005; Nergård-Nilssen
& Hulme, 2014; Pennington et al., 1990; Re et al., 2011; Simmons & Singleton,
2000; Vukovic et al., 2004; Wilson & Lesaux, 2001). The strong association
between reading fluency and the 1-min TIL is thus explained by automaticity in
decoding facilitating reading fluency, which, in turn, frees cognitive resources for
use in comprehension (Braze et al., 2015; Cutting & Scarborough, 2006; Vellutino
et al., 2004).

Regarding criterion validity and clinical utility, the logistic regression and ROC
analyses of Experiment 2 demonstrated the good properties of 1-min TIL. Consis-
tent with prior evidence in languages varying in orthographic depth, Portuguese
adult dyslexic readers presented deficits in all reading tests, including the 1-min
TIL and in decoding and other phonological tasks (Elbro et al., 1994; Lewandowski
et al., 2003; Miller-Shaul, 2005; Pennington et al., 1990; Ramus et al., 2003; Re
et al., 2011; Vukovic et al., 2004; Wilson & Lesaux, 2001). In relation to the clinical
utility of 1-min TIL, it is important to emphasize that reading, like other cognitive
abilities, is measured in a continuum, and thus cut-off scores are relatively
arbitrary (e.g. Hulme & Snowling, 2014; Shaywitz et al., 2008), as recognized in
international classification manuals like DSM-5 (American Psychiatric Association,
A. P. A, 2013). The selection of the cut-off score should thus optimize test sensi-
tivity and specificity (Fischer et al., 2003; Youden, 1950), that is, it should minimize
the number of false positives and false negatives. Although DSM-5 suggests that a
performance at Percentile 7 in psychometric tests provides the greatest diagnostic
certainty, it also indicates that those below the Percentile 16 should be consid-
ered, which agrees with the results of Experiment 2. Indeed, a cut-off score of
13 in the 1-min TIL (corresponding to the 15th percentile with a 95% CI between
Percentiles 10.6 and 23.0) correctly classified the majority of dyslexic and control
college students on their reading skills. Of course, the 1-min TIL does not allow to
discriminate in a fine-grained manner the degree of severity of reading difficulties
for those with a potential reading deficit. Still, the results of Experiment 2
demonstrate that it can be used as a screening test with high accuracy. Given that
the 1-min TIL is highly saturated in phonological decoding and its linguistic content
required basic comprehension skills, a low 1-min TIL score will more likely be due
to a phonological deficit than to a comprehension deficit. Also, the 1-min TIL is a
screening test and not one that by itself could provide a diagnosis of developmen-
tal dyslexia.

The original version of the test for children has a 5-min time limit, but the
present results demonstrated the adequacy of the 1-min time limit for college
students: no typical reader performed at ceiling (the highest score was 25), no
dyslexic reader performed at floor (the lowest score was 6) and 1-min TIL scores
allowed to discriminate the two groups with high accuracy (AUC= .90; Youden
index, J = .74). However, not all 36 items of the test were evaluated, because the
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highest score did not reach the maximum possible. Yet, in Experiment 1B, internal
consistency of the test was .78, demonstrating that performance by the norma-
tive sample on the second half of items was highly correlated with performance
on the first half. It is unclear whether extending the time limit (e.g. for 2min)
would lead to a significant increase in psychometric quality. Future studies might
examine this possibility. Yet, the 1-min time limit is supported by the criterion
validity found here.

Regarding ecological validity, in Experiment 2, we found that 1-min TIL scores
were associated with subjective reading measures, the ARHQ scores. This result
is consistent with prior studies (Elbro et al., 1994; Nergård-Nilssen & Hulme,
2014; Tamboer & Vorst, 2015), but the strong association we found for the
dyslexic participants is probably because they had a formal diagnosis of
developmental dyslexia and were likely to be aware of the severity of their
reading difficulties. The veridicality of the 1-min TIL should thus be further exam-
ined, considering other measures than just a questionnaire of subjective reading
complaints. We were not able to examine the association between 1-min TIL
scores and the neuropsychological assessment at the time of diagnosis because
it was made at various ages (from 7 to 8years old until late adolescence) and
based in a heterogeneous set of tests. Furthermore, it was not possible to
examine the association between TIL scores and the current reading deficit
because no criterion norm-referenced test was available. Future studies should
thus examine the association between TIL scores, academic records, clinical
assessment, self-reported measures of reading and in adults with the full
spectrum of reading skills. Nevertheless, the present results demonstrate the
ecological validity of 1-min TIL.

Despite the limitations discussed so far, the present study shows that the 1-
min TIL has good psychometric properties and clinical utility. It could be
adapted to other languages and orthographies given that it assesses the core
cognitive domain affected in developmental dyslexia. Other potential uses could
be to monitor the reading abilities of young adults, to test the efficacy of read-
ing interventions in dyslexic readers (who are college students) and to ensure
the presence of reading deficits in fundamental research on developmental dys-
lexia. Furthermore, given that TIL norm-references are available for 8- to 11-
year-old Portuguese children (Sucena & Castro, 2008), and the present study
provides norms for college students (between 18 and 48years old), this test
might be used to examine reading progress in the long-term. Future studies
should thus examine whether TIL would be effective in any of these fronts.
In sum, the 1-min TIL is brief and inexpensive, it reflects real-life reading,
and, more important, it is a novel, non-redundant instrument, with good psy-
chometric properties that is appropriate to screen for potential reading difficul-
ties in Portuguese college students.

NOTES

1. In a search conducted in August 2016 in Thomson Reuters, Web of Knowledge, and in
NCBI, PubMed with the expressions ‘Portuguese adults’ and ‘reading comprehension test’,
no results were retrieved. When the expression ‘reading test’ was used, the only study
retrieved was on a Portuguese irregular word reading test aimed at estimating the
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premorbid intelligence level (Alves et al., 2012). It was conducted with 124 16- to 86-year-
old adults, but only a small group were college students or had a university 3degree.

2. We thank an anonymous reviewer for this suggestion.
3. The 1-min TIL scores of this subgroup followed a normal distribution in the first

session, W= .93, p= .12, and in the second session, W= .93, p= .14, with homogenous
variances, Levene’s test: Fs<1.

4. The variance of scores in each list of the 3DM fluency test was homogenous, Fs≤ 1.
5. We first ensured the appropriateness of the PCA: the KMO of sampling adequacy was

.78, and the Bartlett’s test showed a significant correlation between the measures
examined, X2(6) = 150.20, p< .001, justifying data reduction.

6. We ensured the appropriateness of the PCA: the KMO of sampling adequacy was .59,
and the Bartlett’s test showed a significant correlation between the measures examined,
X2(3) = 47.70, p< .001, justifying data reduction.

7. These variables were not collinear (VIF=1.26; tolerance = .79), and the residuals were
not auto-correlated (i.e. the Durbin–Watson test, D-W=1.98, p> .05).
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