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Abstract

In this study, we examined the characteristics of reading disability (RD) in the seventh grade of the Greek educational system and the
corresponding diagnostic practice. We presented a clinically administered assessment battery, composed of typically employed tasks,
and a fully automated, computer-based assessment battery that evaluates some of the same constructs. In all, 261 children ages 12 to 14
were tested. The results of the traditional assessment indicated that RD concerns primarily slow reading and secondarily poor reading
and spelling accuracy. This pattern was matched in the domains most attended to in expert student evaluation. Automatic (computer-
based) screening for RD in the target age range matched expert judgment in validity and reliability in the absence of a full clinical eval-
uation. It is proposed that the educational needs of the middle and high school population in Greece will be best served by concentrat-
ing on reading and spelling performance—particularly fluency—employing widespread computer-based screening to partially make up
for expert-personnel shortage.

Individual differences in response
to school-based instruction are in-
creasingly recognized as signifi-

cant factors in the design and delivery
of educational services. Educational
policy dictates that students falling be-
hind in academic achievement should
be detected and properly supported
with appropriate interventions. How-
ever, in Greece, there is no school-
based system in general education for
delivering assessment services to chil-
dren in need of special learning ac-
commodations. State-accredited ser-
vice providers (usually child mental
health agencies or Centers for Diagno-
sis, Assessment, and Support) diag-
nose students with learning disabilities
(LD). Because child mental health
providers are trained to deal with psy-
chiatric disorders and not with aca-
demic failure, little attention has been
generally paid to the educationally
pervasive issue of LD. This state of af-
fairs is partly responsible for the
paucity of validated tools for diagnosis
and treatment of learning problems,
particularly in secondary education.

Thus, most diagnosticians use quali-
tative means of assessment based on
their personal experience.

The recent increase in societal
awareness of LD has led to an increas-
ing demand for diagnostic and reme-
dial services and, hence, to a large pop-
ulation of students seeking assessment
and receiving certification of LD sta-
tus (usually referred to as a “dyslexia
certificate”). A high proportion of
schoolchildren referred for learning as-
sessment are diagnosed with dyslexia,
despite the lack of well-defined diag-
nostic criteria and of standardized tests
and procedures. In the present study,
we begin to address part of this gap by
providing data on the types of skills in
which children from the general school
population differ from children re-
ferred for assessment (who will likely
receive an LD diagnosis).

Specific Reading Disability

The term specific learning disability gen-
erally refers to academic failure in a

specific domain, within the context of
a structured educational system, in the
absence of primary sensory, emotional,
or behavioral disorders (Beitchman &
Young, 1997). In a review of the evi-
dence supporting the constructs related
to various learning difficulties, Lyon,
Fletcher, and Barnes (2002) listed six
distinct subgroups of LD for which an
adequate empirical basis has been
gathered. Three of these subgroups are
related to reading, including word
recognition, comprehension, and flu-
ency. The first of these, which concerns
reading at the word level, is the most
frequent, accounting for up to 90% of
all LD cases. This is the subtype most
appropriately termed dyslexia—a term
often used synonymously with reading
disability (RD) and the one on which 
we focus in this study, because of its
preponderance.

Dyslexia is associated with diffi-
culties in phonological processing
(Wagner, Torgesen, & Rashotte, 1994;
Wagner et al., 1997), typically assessed
on a metalinguistic level (phonological
awareness; McBride-Chang, 1995) and
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as phonological short-term memory
(Wagner & Torgesen, 1987). The deficit
in reading performance is commonly
considered to be the expression of an
underlying deficit in the processing of
the sound units that make up language
(Shaywitz & Shaywitz, 2003; Wagner &
Torgesen, 1987). Behaviorally, the dys-
lexic profile is typically associated with
deficits in reading, spelling, and pho-
nological processing (Warnke, 1999;
Beitchman & Young, 1997; Shaywitz,
2003).

As most of the research on read-
ing and RD has been conducted in
English, a concern has arisen that find-
ings may not be applicable to other lan-
guages—especially to languages with
more consistent mappings between or-
thography and phonology—because
the extreme inconsistencies found in
English orthographies have been asso-
ciated with very substantial differ-
ences from other languages in reading
development and early reading perfor-
mance (Landerl, Wimmer, & Frith,
1997; Seymour, Aro, & Erskine, 2003).
Even moderate differences in grapho-
phonemic regularity, as between Span-
ish and Portuguese, have been asso-
ciated with differences in learning to
read (Defior, Martos, & Cary, 2002).
However, the importance of phonolog-
ical processes in reading develop-
ment—and their deficiencies in RD at
various ages—have now been con-
firmed, by and large, in a number of
languages with greater orthographic
regularity than English, such as Czech
(Caravolas & Volín, 2001), German
(Mayringer & Wimmer, 2000), and
Spanish (Jiménez González & Hernán-
dez Valle, 2000), among others. Thus, a
cross-linguistic consensus is emerging
that RD is an expression of a single
dimension (Anthony & Lonigan, 2004;
Schatschneider, Carlson, Francis, Foor-
man, & Fletcher, 2002) of poor phono-
logical skills (Ramus, 2001; Ramus 
et al., 2003) across languages (Ziegler,
Perry, Ma-Wyatt, Ladner, & Schulte-
Körne, 2003).

An important issue that has
emerged in the cross-linguistic concep-
tualization of dyslexia is the role of

processing speed in the development
and maintenance of reading auto-
maticity. In languages with consistent
orthography, such as Finnish (Holo-
painen, Ahonen, & Lyytinen, 2001),
German (Landerl, 2001), Greek (Porpo-
das, 1999), Italian (Tressoldi, Stella, &
Faggella, 2001; Zoccolotti, de Luca, Ju-
dica, Orlandi, & Spinelli, 1999), and
Spanish (Jiménez González & Hernán-
dez Valle, 2000), it is the speed rather
than the accuracy of reading (and of
phonological component processes, in-
cluding nonword decoding) that seems
best to capture the essence of reading
impairment. Reading fluency, defined
as the speed of accurate oral reading of
text, is taken to represent the auto-
maticity of sublexical processes (van
der Leij & van Daal, 1999; Wolf, Bow-
ers, & Biddle, 2000) and, as such, is a
crucial component of successful read-
ing performance—in fact, an excellent
index of overall reading competence
(Fuchs, Fuchs, Hosp, & Jenkins, 2001;
Sabatini, 2002). Remediation studies
have indicated that improvements in
phonological awareness and decoding
accuracy do not generally transfer to
fluent reading of novel materials (Tor-
gesen et al., 2001; Wolf & Katzir-Cohen,
2001; cf. Tressoldi et al., 2001). Thus, it
remains an important question whether
speed is a distinct dimension of per-
formance related to reading and RD,
and whether it is a dimension more
critical to reading assessment than ac-
curacy of reading or of tasks tapping
component phonological skills.

Reading and Spelling 
Greek

Greek is considered relatively trans-
parent (shallow) orthographically, oc-
cupying the second position in the
classification of Seymour et al. (2003),
after Finnish. There is, however, an
asymmetry in orthographic trans-
parency between spelling and reading:
It is possible to read the majority of
words correctly based on straightfor-
ward decoding, but it is impossible to
spell correctly based on the words’ pro-
nunciation alone.

In particular, the phonology-to-
orthography conversion is not at all
predictable for three of the five vowels
(Mavrommati & Miles, 2002), because
they can be spelled in several ways,
with one or two letters (e.g., /e/ is
spelled as ε or αι). The correct spelling
depends on the morphology and ety-
mology of the word (Chliounaki &
Bryant, 2002; Porpodas, 1999). Conso-
nant spelling is regular, but not always
simple. For example, voiced stops and
all palatals are spelled with combina-
tions of two or more letters (e.g., /ç/
can be spelled χι, χει, χοι, etc.).

In contrast to spelling, reading is
very regular, because the orthography-
to-phonology conversion is systematic,
if not entirely simple. There are many
letter combinations with special pho-
netic value (e.g., /u/ is spelled ου) and
special conditions (e.g., υ is pro-
nounced /v/ when it follows an un-
stressed α or ε), but they are regular,
and their combined effect on pronun-
ciation is predictable. One significant
exception to reading regularity con-
cerns consonant palatalization. Spe-
cifically, when one of the six /i/
graphemes follows a consonant and
precedes a vowel, it may indicate 
(a) palatalization of the preceding con-
sonant (µα′ γ ια→/ıma a/); (b) pronun-
ciation of /i/ (αι′τια→/ıetia/); (c) both
of the above (α′ γ ια→/ıa ia/); or 
(d) pronunciation of a palatal conso-
nant (σπι′τια→/ıspitça/). The correct
reading is lexically determined.

In sum, Greek spelling is irregular
and complex, primarily for vowels,
owing to morphological categories and
historical origins of the words. Lexical
and morphological knowledge is thus
necessary for correct spelling. In con-
trast, Greek reading is mostly regular
and, with a few exceptions, can be mas-
tered entirely on the basis of grapho-
phonemic conversion rules (though
some of the rules can be complicated).
Therefore, if the RD profile were pri-
marily a reflection of language-specific
mapping consistency, Greek children
with RD would be expected to have
primarily problems with spelling ac-
curacy, whereas their reading skills
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should present little difficulties. How-
ever, taking into account the findings
from other languages with consistent
orthography, and without discounting
the importance of phonological aware-
ness and accurate decoding, it is the
speed of processing that should emerge
as a critical dimension for assessment,
and this would be expected to affect
reading performance despite the high
graphophonemic regularity.

Assessment Measures

As a diagnostic starting point, isolated
word reading and text reading accu-
racy and speed must be included in
any testing battery as “surface” indices
of RD (Jenkins, Fuchs, van den Broek,
Espin, & Deno, 2003). Inaccurate read-
ing is a defining sign of RD, particu-
larly in orthographically opaque lan-
guages such as English (Landerl et al.,
1997; Ziegler et al., 2003), but may lose
discriminating power with age (Bruck,
1992; Ellis et al., 2004). In contrast, as
previously mentioned, speed mea-
sures seem to adequately capture the
magnitude of difficulties, particularly
in orthographically transparent lan-
guages, but also increasingly in En-
glish (see Fuchs et al., 2001; Wolf &
Bowers, 1999).

Spelling ability is rarely spared in
the presence of reading problems (Por-
podas, 1999; Wimmer & Mayringer,
2002). In Greek, most spelling prob-
lems partly stem from inflection rule
violations (resulting in “morphologi-
cal” errors) and partly from deficits in
awareness of the etymology of the
word and the ability to relate it seman-
tically to already known words (result-
ing in “historical” errors). Phonologi-
cally inaccurate spellings are rare past
the first or second grade, though not
entirely absent even in orthographi-
cally transparent languages, such as
Czech (see Caravolas & Volín, 2001).
Text spelling can tap syntactical and se-
mantic information for disambigua-
tion, whereas for isolated words one
must rely on a combination of lexical
and derivational knowledge.

With respect to phonological
awareness, we chose phoneme dele-
tion because it is one of the most diffi-
cult tasks, in an effort to uncover pos-
sible discriminating variables at an age
where phonological processing difficul-
ties may have subsided (see McBride-
Chang, 1995). The importance of as-
sessing phonological awareness past
the age of primary education is unclear
(Shaywitz, 2003). In some languages
with more consistent orthography, such
as German (Landerl & Wimmer, 2000)
and Italian (Cossu, Shankweiler, Liber-
man, Katz, & Tola, 1988; Zoccolotti et
al., 1999), most children with RD dis-
play phonological problems early on,
but then seem to attain high absolute
levels of phonological awareness even
though their reading performance re-
mains significantly below that of good
readers (the situation for Finnish re-
mains unclear; see Holopainen et al.,
2001; Muller & Brady, 2001).

Pseudoword reading has been
one of the most widely used indicators
of RD (Rack, Snowling, & Olson, 1992),
as it samples a child’s ability to phono-
logically decode a word without the
help of orthographic knowledge, both
in English (Siegel, 1989; Stanovich,
1988) and in languages with more con-
sistent orthographies (Lehtola & Lehto,
2000; Jiménez González & Hernández
Valle, 2000; Tressoldi et al., 2001).

To examine phonological mem-
ory, we used digit span, a frequently
employed marker of LD (Torgesen &
Houck, 1980; Wagner et al., 1997), and
pseudoword repetition, a marker of
language-based disabilities (Gather-
cole, Willis, Baddeley, & Emslie, 1994;
Bishop, North, & Donlan, 1996). Be-
sides digit span, general intelligence
measures continue to figure promi-
nently in testing practice, despite long-
standing criticisms of their validity in
LD diagnosis (Fletcher et al., 2002;
Lyon et al., 2002; Siegel, 2003). Hence,
in the particular case of Greek, it is im-
portant to examine the potential role of
such measures in the context of an ex-
tensive assessment battery.

Auditory speech discrimination
ability, often found to be deficient in

children and adults with RD (Adlard &
Hazan, 1998; De Weirdt, 1988; Got-
tardo, Siegel, & Stanovich, 1997), was
assessed in a task requiring same–
different discrimination of pseudo-
word pairs (see Schulte-Körne, Deimel,
Bartling, & Remschmidt, 1999; Serni-
claes, Sprenger-Charolles, Carre, & De-
monet, 2001). Finally, in the computer-
based assessment, it was also possible
to include nonverbal auditory percep-
tion measures (which require precise
adaptive control of stimulus parame-
ters and, thus, cannot be administered
by a human), because such skills have
been associated with language devel-
opment and with language-based LD
in children and adults (Ahissar, Pro-
topapas, Reid, & Merzenich, 2000; De
Weirdt, 1988; Reed, 1980; Tallal, 1976,
1980).

Goals of Assessment

One important distinction must be
made between the goals of a “tradi-
tional” clinical assessment, adminis-
tered with paper and pencil in a 
one-on-one interview, and those of a
computer-based assessment, adminis-
tered and scored automatically with-
out the need for human supervision or
intervention. Clinical assessment tasks
are administered and scored by expert
personnel in the course of a com-
prehensive evaluation aiming to de-
termine the appropriate diagnosis or
educational intervention for the child
being tested. Such comprehensive eval-
uation will typically not be restricted 
to cognitive and achievement mea-
sures, but may encompass additional
parameters, such as motivation (Side-
ridis, Morgan, Botsas, Padeliadu, &
Fuchs, 2006). The human expert (typi-
cally an educational psychologist or
special education teacher) uses the
quantitative information provided by
the assessment scales, in conjunction
with other observations, measures,
and history, and arrives at a clinical di-
agnostic judgment. The aim of a “tra-
ditional” assessment battery in this
context, then, is to provide the special-
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ist with reliable and valid diagnostic
information.

In contrast, automated computer-
based assessment cannot lead to an au-
tomatic diagnosis or similar judgment,
because it lacks many elements that are
essential to the diagnosis (history, emo-
tional and behavioral evaluation, etc.),
and also because of the lack of total
control over the process of data col-
lection. As a simplistic example, it is
possible that a child is very distracted
when carrying out the computer-based
tasks, leading to poor performance.
This cannot be ascertained with any
confidence in the automated proce-
dure, but would hardly escape the no-
tice of a competent clinician. Therefore,
the aim of a computer-based assess-
ment can be to serve only as a type of
screening procedure, on the basis of
which children with certain perfor-
mance profiles (typically, but not nec-
essarily, poor performance on critical
tasks) are referred for comprehensive
evaluation by specialist professionals.

Thus, although the word assess-
ment is used here to refer both to the
battery of clinically administered tests
and to the computer-based tests, there
should be no confusion about the
sharp distinction in the role and pur-
pose of each type of assessment (i.e.,
diagnosis vs. screening). Our purpose
is not to compare the two types of as-
sessment, but rather to examine their
usefulness in their separate roles using
a common approach.

Study Objectives

In the study reported here, we attempt
to answer the following questions:

1. What are the characteristics of the RD
population in Greece? A very large
proportion of children seeking as-
sessment due to difficulties at
school end up with a diagnosis of
RD. Therefore, the comparison of
the general population with a self-
selected clinical sample seeking
services can provide important

clues to the main features of RD in
Greece. This method offers a non-
circular and unbiased perspective
on what the features of RD are,
given the current practice and
educational situation.

2. What are the main relevant dimen-
sions on which children actually dif-
fer? Given a battery of largely in-
tercorrelated assessment tests, it is
important to determine the inde-
pendent contribution of distinct
types of skills to overall profiles.
This has both diagnostic and theo-
retical consequences, as it restricts
and directs the number and type of
constructs that need to be assessed,
as well as the type of tasks to as-
sess them with.

3. What is the empirical basis for expert
judgment on RD diagnosis? That is,
what aspects of a comprehensive
assessment do professionals most
attend to when deciding to diag-
nose a child with RD? Given a
comprehensive assessment battery
and two or more independent
judgments regarding RD diagnosis
from experienced professionals, it
is possible to identify the patterns
in assessment data that are most
strongly associated with the expert
judgment.

4. Is computer-based screening psycho-
metrically adequate? Once the rele-
vant dimensions and tasks are
known, it is possible to devise au-
tomated data collection procedures
for skill assessment, aiming to pro-
vide first-pass screening services to
the school population. Strict psy-
chometric evaluation of the screen-
ing procedure is a necessary (but
not sufficient) condition before its
widespread adoption can be rec-
ommended.

These questions are addressed
with two sets of measures on a
medium-size school sample from the
seventh grade. Because of the diversity
of research questions, age was kept
constant to reduce variance not associ-
ated with the variables of interest. The

age of 12 to 13 years was chosen for ed-
ucational and practical reasons. Specif-
ically, the Greek educational system
provides for special treatment (i.e., oral
instead of written final examinations)
no earlier than seventh grade, which is
also the time of transition from a more
lenient and less competitive to a more
impersonal and demanding environ-
ment, which accentuates already exist-
ing literacy-related difficulties. There-
fore, the majority of children seeking
LD assessment are from the seventh
grade, when the outcome of the evalu-
ation becomes highly relevant, result-
ing in an increased need for empiri-
cally supported assessment at this age.

Method

Participants

In total, 261 seventh-grade children
contributed data to the analyses re-
ported here, after removing cases with
missing data points and taking into
account additional considerations, as
described in detail in the data prepara-
tion section. Of these, 185 were re-
cruited in eight public schools, selected
to cover a wide range of socioeconomic
status (SES), in the province of Attiki
(which includes the general Athens
metropolitan area) and one other large
city (Patra). This first subgroup (hence-
forth school sample) constituted our
general population sample, and com-
pleted all assessment tasks. The second
subgroup, consisting of 28 children 
(clinical sample) were recruited at the
Medical-Pedagogical Center of the Chil-
dren’s Psychiatric Hospital, to which
they were referred for the assessment
of learning difficulties as a result of
poor academic performance. This group
completed all assessment tasks after
being examined by a child psychiatrist
and a psychologist to rule out other
medical or psychiatric conditions, pri-
mary behavioral or emotional prob-
lems, or low intelligence. The third
subgroup (retest sample), including 48
children, were recruited at a private
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school, to participate only in the test–
retest reliability assessment of the soft-
ware, and completed only the computer-
based tests. These children did not
provide data for any of the other
analyses.

Table 1 shows, for each group, the
number of children of each gender,
their age, and an estimate of nonverbal
intelligence (for the school and clinical
samples). There was no difference be-
tween the school sample and the clini-
cal sample in either age or nonverbal
intelligence, both F(1, 211) < 1; there
was also no significant difference in
gender proportions between these two
groups, χ2(1, N = 213) = 3.0, exact p >
.1, two-tailed.

Testing Materials

Traditional Assessment. Tradi-
tional assessment included some pre-
existing tests and some new tests with
materials constructed for this purpose.
The preparation of the test battery
aimed to achieve the effects of a typical
assessment, as practiced in Greece,
with up-to-date, properly controlled
and justified content where no stan-
dardized materials exist. The complete
battery was named KLIMA, from the
Greek words for “learning assess-
ment scale” (κλι′µακα µαθησιακη′ ς 
αξιολο′γησης). It included the follow-
ing measures:

Pseudoword reading. Twenty pseu-
dowords of two to five syllables long
(Maridaki-Kassotaki, 1998) were pre-
sented on a sheet of paper for the child
to read aloud. The total reading time
and number of incorrectly read items
were noted.

Pseudoword repetition. The remain-
ing 20 pseudowords from Maridaki-
Kassotaki (1998) that were not used in
the reading task were pronounced by
the experimenter one by one for the
child to repeat. The number of incor-
rectly repeated items was noted.

Word reading. Children read aloud
a list of 84 words, one to seven sylla-
bles in length, presented in three
columns on a sheet of paper. The total

reading time and number of incor-
rectly read items were noted. Words
were chosen according to the following
criteria:

1. Grammatical category. Most items
were content words, and the ratio
of verbs to nouns was about 1:3.

2. Length. 44% three-syllable words,
21% two-syllable, 15% each one-
and four-syllable, and a few longer
items were included.

3. Printed frequency, based on the
Hellenic National Corpus (HNC;
Hatzigeorgiu et al., 2000). Medium-
frequency items, with 12 to 99 ap-
pearances in 32 million, made up
the majority, whereas high- and
low-frequency items were also
included.

Care was taken to include a vari-
ety of representative declension and con-
jugation types expressed in the words’
suffixes, because Greek relies on inflec-
tions to carry meaning, affecting read-
ers’ allocation of attentional resources
(Chitiri & Willows, 1994).

Text reading and comprehension.
Three passages of increasing difficulty,
72, 90, and 78 words long, were read
aloud by the students, and their total
reading time and total number of read-
ing errors were noted. Following each
passage, comprehension questions were
asked, and points were given for
correct responses (partial points were
given for approximations). For the sec-

ond and third passage, 1-minute silent
study was provided after reading
aloud and before the questions.

Passages were composed accord-
ing to the following criteria:

1. Genre. By the Stein (1984) classifi-
cation, the three passages were of
the reaction-sequence type I, goal-
directed with obstacle, and goal-
directed with no obstacle, respec-
tively.

2. Vocabulary. Longer and less fre-
quent words were used increas-
ingly from the first to the third
passage.

3. Syntactic complexity. Longer sen-
tences and subordination were
used increasingly in the second
and third passages.

The comprehension questions
probed (a) information memorization,
putting more weight on essential pieces
of information; (b) information inte-
gration from disparate points in the
passage; and (c) reasoning on the basis
of information (Hannon & Daneman,
2001).

Word spelling. A list of 21 words
was dictated at a child-determined
rate, and the total number of spelling
errors was noted (more than one error
per word was possible). Words were
chosen to be frequent and to provide
opportunities for a variety of spelling
errors, primarily morphological (i.e.,
on the inflectional suffix) but also his-

TABLE 1
Age, Gender, and Nonverbal Intelligence by Student Group, 

Including All Children with Full Data Sets

Gender Age (months) RSPM (raw)

Sample Boys Girls M SD M SD

School 93 92 150.5 5.1 37.1 9.7

Clinical 19 9 149.6 4.0 37.4 7.4

Retest 26 22 152.3 3.8 — —

Note. N = 261, after exclusion of participants with invalid or missing data. RSPM = Raven’s Standard Pro-
gressive Matrices (Raven, 1976).
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torical (i.e., on the root, related to the
word’s etymology).

Text spelling. A 49-word passage
from Zahos and Zahos (1998) was dic-
tated at a child-determined rate, and
the total number of spelling errors was
noted. The passage contained well-
known words, and its meaning was
easy for the target age; however, the
words provided many opportunities
for errors, primarily morphological but
also historical.

Raven’s Standard Progressive Matri-
ces. The full 60-item version of the
Raven’s Standard Progressive Matrices
test (RSPM; Raven, 1976) was used.
The number of correct choices (raw
score) and the time to complete the test
were noted.

Digit span. The Digit Span sub-
scale from the Greek standardized ver-
sion of the Wechsler Intelligence Scale for
Children, third edition (WISC-III; Geor-
gas, Paraskevopoulos, Bezevegis, &
Giannitsas, 1997), was used, including
forward and backward span, following
standard administration procedure
and termination criterion. The total
number of sequences reproduced cor-
rectly (raw score) was noted.

Arithmetic. The Arithmetic sub-
scale from the Greek standardized ver-
sion of the WISC-III (Georgas et al.,
1997) was used, following the standard
instructions (for the target age, admin-
istration begins with Item 6) and ter-
mination criterion. The number of cor-
rect responses (plus 5) was noted (raw
score).

Phoneme deletion. A set of 22 two-
syllable and three-syllable pseudo-
words were constructed following
Greek phonotactic structure, including
a high proportion of consonant clus-
ters. For each pseudoword, one
phoneme was the designated deletion
target, varying greatly in phoneme
type, word position, and syllabic posi-
tion. Each pseudoword was presented
orally and, once repeated correctly,
was presented again along with the
phoneme to be deleted. The total num-
ber of incorrect responses was noted.

Speech sound discrimination. This
is a subscale from the AthenaTest for

LD (Paraskevopoulos, Kalantzi-Azizi,
& Giannitsas, 1999). It includes 32
pseudoword pairs, 8 of which are iden-
tical repetitions. The remaining 24 item
pairs differ by a single phoneme mod-
ification, insertion, or translation. Each
pair was presented orally to the stu-
dent to be judged as same or different.
The total number of incorrect re-
sponses was noted.

Computer-Based Assessment.
The computer-based assessment was
designed to achieve automated screen-
ing—that is, referral of schoolchildren
for full assessment by expert person-
nel. Thus, it included a number of tasks
known to correlate with the presence
of LD, particularly with specific read-
ing disabilities.

Text reading. Ten passages were
constructed, 30 to 61 words long, of in-
creasing difficulty owing to sentence
length, subordination, passive voice,
and connections between individual
passages. The time to read each pas-
sage was noted, based on the mouse
clicks that initiated and terminated its
presentation. Comprehension was as-
sessed by presenting, after each pas-
sage, four images (line drawings). One
of the drawings depicted the situation
described in the passage, whereas the
other three contained increasingly less
important inaccuracies. Thus, the over-
all difficulty resulted from the com-
bination of passage complexity and
salience of information represented in
the image differences. The total com-
prehension score was the number of
correct image selections.

Text spell-checking. Nine passages,
28 to 46 words long, were constructed
with a total number of 27 spelling er-
rors (14 morphological and 13 histori-
cal), distributed heterogeneously (1–9
errors per passage). Each passage was
presented on the screen for the child to
detect the errors (by clicking on them)
and correct them (by clicking on the
appropriate letters in an on-screen key-
board display). The total number of er-
rors in the resulting passages was
noted, as well as the total time spent on
the task.

Frequency discrimination. An adap-
tive psychophysical procedure based
on Treutwein (1995) was used to deter-
mine the minimum frequency differ-
ence needed to judge that two 250-ms
long pure tones 500 ms apart were dif-
ferent. Tone frequencies were centered
on 1 kHz and differed by up to 600 Hz.
Stimulus parameters were based on
Ahissar et al. (2000).

Tone sequencing. The same adap-
tive psychophysical procedure was
used to determine the minimum tem-
poral separation between two succes-
sively presented 20-ms pure tones
needed to correctly reconstruct their
sequence. The frequency of each tone
was either 800 or 1200 Hz, and the in-
terval between them started at 500 ms.
In a second phase, three-tone se-
quences were used. Stimulus parame-
ters were based on Ahissar et al. (2000),
and the general design can be traced
back to the original Tallal repetition
test (Tallal, 1976).

Pseudoword dictation. A total of 23
pseudoword stimuli were made up 
of 6 CV (consonant-vowel) syllables, 6
CVCV bisyllables, 3 CVCVCV three-
syllable items, and 4 two-syllable and
4 three-syllable complex pseudowords
containing one to three consonant clus-
ters. The 15 simple items were con-
structed using only /p/, /t/, /k/, and
/a/, whereas a great variety of pho-
nemes was used for the 8 complex
items. Each item was presented audi-
torily, and the appropriate response
was a phonologically correct spelling
(in some cases, more than one was pos-
sible). The number of correct responses
was noted.

Word–picture matching. Thirty sets
of 4 items each were constructed, one
of the 4 items in each set being a cor-
rectly spelled word, for which a corre-
sponding line drawing was made. The
other 3 items of each set were either
phonologically similar words or pho-
nologically identical misspellings of the
correct word. In each trial, the 4 items
and the corresponding sketch were
presented visually for the child to se-
lect the correct word. The number of
correct responses was noted.
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Letter span. This task was mod-
eled after the standard digit span task,
but used letters instead of numbers. A
random set of Greek uppercase conso-
nants made up the sequence of the de-
sired length for each trial, presented
visually at the rate of one letter per sec-
ond. The child had to reproduce the
correct sequence by clicking on the let-
ters with the mouse. Two sequences of
each length were presented, starting at
length 2 and increasing by 1 if at least
one of the two was responded to cor-
rectly. The total number of correctly re-
produced sequences was noted.

A cartoon character, “Professor
Vidas,” bearing a remote resemblance
to Albert Einstein, provided the situa-
tions in which the child was asked to
offer help (with labeling pictures, cor-
recting writings, catching mice, mating
birds, etc.). Before each task, instruc-
tions were spoken through the head-
phones while at the same time the in-
tended actions were demonstrated
visually on the screen. Instructions
were recorded by a professional at an
age-appropriate tone. During each
task, the child was only given options
compatible with the intended action,
activating buttons and screen regions
only when relevant. Guiding visual
cues were provided to attract attention
to the next expected action (e.g., to ini-
tiate the next trial). There was no feed-
back on user performance except for
the adaptive psychophysical tasks, in
which feedback was necessary for sta-
ble convergence to the threshold.

The software was named eMaDys,
from the Greek words for “detection 
of learning difficulties” (εντοπισµο′ ς
µαθησιακω′ ν δυσκολιω′ ν). The design
of the software was based on the prin-
ciples of simplicity and automation.
Simplicity refers to the presence of only
functional elements in the tasks. Both
graphic design and interaction mini-
mized distraction, allowing the user to
focus on the task. Navigation was
strictly linear, without any options or
choices to be made other than for re-
sponding to the assessment items. All
user input was based on the computer

mouse. When typing letters was neces-
sary, a virtual keyboard appeared on
the screen, and the letters were selected
using the mouse.

Automation means that no human
intervention is necessary at any stage
of the assessment, either to administer
or to score the tests. Software installa-
tion requires no selections of the user
and is completed in a short series of
clicking on Next. Test administration
requires no supervision: A child sits in
front of the computer, puts on the
headphones, enters a numerical ID
given by the teacher (so that no name
or other personal information is asso-
ciated with the results file), and follows
the spoken instructions through the
tasks, which advance automatically
once completed. Responses are scored
by the software, and referrals can be
generated automatically as soon as the
testing process is completed. The re-
quirement for automation precludes
spoken or handwritten responses, which
would necessitate the presence of a
human rater. Because such presence 
is not guaranteed, and, in fact, a
computer-based screening solution is
most needed where such presence is
not available, full automation was con-
sidered critical for the viability of the
project. Thus, many potentially useful
tasks, such as standard phonological
awareness tasks, could not be included
in the screening software.

The combined result of simplicity
and automation is ease of use: Any
teacher can install the software, and
any child (of the intended age) can
complete the assessment tasks, regard-
less of any prior knowledge related to
computers.

Procedure

Each child was assessed on the two
batteries (traditional and computer-
based) on separate days. The order of
administration of the two batteries was
determined primarily by the need to
accommodate scheduling without dis-
rupting school activities (e.g., avail-
ability of computer laboratory) while
keeping the total time to a minimum.

Typically, some children would com-
plete the computer-based battery first,
while others completed the traditional
battery; the next day each child would
complete the other battery. Thus, there
was no overall systematic order, al-
though no attempt was made to coun-
terbalance or randomize the order of
administration. Administration of each
battery took 60 to 80 min, spanning
two class periods, depending on indi-
vidual speed and performance. Tradi-
tional assessment was tape-recorded,
except for Raven’s SPM and the two
spelling tasks.

For the school sample, the tradi-
tional assessment was administered by
a trained university student (senior or
graduate) in a quiet room at the school.
A break was offered halfway through
testing or if the child became obviously
fatigued or restless (although this was
uncommon). Traditional assessment
was always administered individually.
Computer-based assessment took place
at the school computer laboratory, at
times when no class was scheduled in
it, administered simultaneously to as
many children as could use the avail-
able computers in the laboratory (usu-
ally 4–8; up to 12 in one school). Care
was taken to prevent viewing of adja-
cent screens when multiple children
used the screening software at the same
time. Children wore closed-type head-
phones while using the software. Breaks
were offered between tasks but were
rarely taken by the children, who pre-
ferred to continue “playing” at the
computer. For the children taking part
in the reliability study, computer-based
assessment was administered twice, in
exactly the same way, with 3 to 5 weeks
between the two administrations. For
the clinical sample, all testing took
place in the tester’s office at the hospi-
tal, as part of the children’s compre-
hensive assessment procedure.

Results

Data Preparation

The following procedure was per-
formed on the data set from the two
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main participant groups, including the
school sample and the clinical sample.
Of the 270 children originally re-
cruited, age was not available for 9
children and was above 168 months for
9 more children (likely repeating the
class). Nine children spoke a native
language other than Greek (immi-
grants), 2 children (from the clinical
sample) were identified as having mar-
ginal intelligence, and 1 child was miss-
ing several measures (incomplete ad-
ministration) on both batteries. These
30 children were removed from the
sample.

Traditional (15 variables) and
computer-based assessment data (10
variables) were then temporarily sepa-
rated. Individual missing value analy-
sis indicated 0.64% missing values for
the traditional assessment (23 data
points total, proportions ranging be-
tween 0.0% and 2.1% per variable) and
0.37% missing values for the software
(8 data points total, up to 1.4% per vari-
able). These missing values were re-
placed using the Expectation Maxi-
mization method, and then the two
datasets were recombined.

Due to scheduling difficulties, 23
children had not completed both bat-
teries: 22 children with no data from
the computer-based assessment, and 
1 child lacking traditional assessment
data were removed from further analy-
sis, leaving 217 participants.

Inspection of descriptive statis-
tics, histograms, and Q-Q plots indi-
cated significant to severe deviations
from normality in most measures.
Variables were transformed with the
usual functions (inverse, log, and
square root, with linear shifting when
necessary to avoid negative argu-
ments) to bring their skewness and
kurtosis statistics within one corre-
sponding standard error, taking into
account the visual inspection of the
histogram in selecting transforma-
tions. All variables were thus trans-
formed, and all subsequent analyses
refer to the transformed variables.

Four multivariate outliers were
identified based on the Mahalanobis
distance statistic and were verified on

scatterplots. The corresponding 4 par-
ticipants were removed from the sam-
ple. No combination of variables met
the multicollinearity criteria for rejec-
tion; therefore, no further modifica-
tions to the data set were made. Thus,
the final combined school and clinical
samples, as shown in Table 1, included
213 children in total, providing data
points to 25 variables.

Regarding the retest sample, out
of 51 children originally participating,
3 participants were removed: 2 for miss-
ing the second administration due to
scheduling difficulties, and 1 for miss-
ing three data points due to software
failure. Thus, 48 children formed the
final retest sample used in the analysis,
as shown in Table 1. All data from these
children were transformed using the
same functions used for the school 
and clinical sample, without further
modification.

In a preliminary MANCOVA of
the 25 measures, including data from
the 213 children in the school and clin-
ical samples, with sample and gender
as two-level factors and age as a co-
variate, there was no significant effect
of age (as expected, due to the re-
stricted age range) and no significant
effect of gender except for the spelling
measures, with boys making (or ac-
cepting) more mistakes than girls:
word spelling errors, F(1, 208) = 5.77, 
p = .017; text spell-checking, F(1, 208) =
6.49, p = .012; word–picture matching,
F(1, 208) = 5.94, p = .016; none of which
interacted significantly with sample 
(p > .3; see Note 1). Therefore, age and
gender were not taken into account in
any of the following analyses.

Comparison of School and 
Clinical Samples

To determine the measures that best
distinguish children with RD from the
general population, we should ideally
compare a pure RD sample to a non-
RD sample, so that the corresponding
means and variances would approach
true estimates of the RD and non-RD
population statistics (contingent on
sampling adequacy). The effect sizes

would then constitute good estimates
of the discriminant usefulness of each
measure. In our case, the school sam-
ple included a small number of chil-
dren with a profile of RD, and the clin-
ical sample included a few children
who were not diagnosed with RD after
comprehensive assessment. Therefore,
the comparison of these two groups
does not correspond to a perfect sepa-
ration of samples with and without
RD. However, as stated previously,
there is no standardized tool to diag-
nose RD independently of the mea-
sures administered in this study. Iden-
tification of RD children hinged, in
part, on the measures described earlier.
Thus, it would be circular to compare
children with and without RD on the
same measures. On the other hand, the
expected proportions of children with
RD in the two samples are very differ-
ent: Experience suggests that up to
10% of the school sample and perhaps
80% or more of the clinical sample
have LD. Therefore, by comparing
these two samples on the various mea-
sures, we can statistically identify the
measures that best separate the in-
tended populations of children with
and without RD. The effect sizes will
approximately indicate the ranking of
measures in identifying children with
RD, even though they will not consti-
tute accurate estimates of the hypothe-
sized pure group differences.

Table 2 shows the results of one-
way ANOVAs between the school and
clinical sample for each transformed
variable. Because many differences are
highly statistically significant, the ef-
fect size (partial η2 and Cohen’s d ) is
reported as a more appropriate index
of the relevance of each measure to the
identification of RD (Ives, 2003; On-
wuegbuzie, Levin, & Leech, 2003). In
the traditional assessment, it is clear
that the school sample and the clinical
sample differed primarily in reading
speed, secondarily in reading and
spelling accuracy, and little if at all in
more general cognitive measures or in
phonetic and phonological measures.
Similar computer-based measures could
also distinguish the two samples, pri-
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marily the two spelling tasks, followed
by reading speed.

Structure of Assessment 
Batteries

The fact that our RD-rich clinical sam-
ple differs from the general population
on a set of measures does not neces-
sarily indicate clearly that there are
commonalities among the types of
skills underlying RD status, because of
the high correlations among the mea-
sures. Therefore, exploratory factor
analyses were performed to examine
the underlying structure of the assess-
ments, in order to (a) identify potential

latent variables indexing relevant abil-
ities, and (b) determine the extent to
which traditional and computer-based
assessments measure similar constructs.
Because no relevant empirical basis ex-
ists for Greek—especially for children
of this age—on which to construct spe-
cific hypotheses to be tested (e.g., with
confirmatory factor analyses), it was
judged necessary to begin with ex-
ploratory analyses in this study.

The intercorrelations among the
15 traditional assessment variables are
shown in Table A1 in the Appendix.
For these variables, principal axis fac-
toring with Varimax rotation revealed
three factors with initial eigenvalues

greater than 1.0, together accounting
for 54% of the total variance. Extraction
communalities ranged between .21 (for
pseudoword repetition) and .86 (for
word reading time), but only for RSPM
and digit span raw scores did they fall
below .4 (along with pseudoword
reading time).

Inspection of the rotated factor
matrix (see Table 3), with only load-
ings above .4 interpreted, suggests that 
the traditional assessment roughly ad-
dresses (a) reading and spelling accu-
racy; (b) reading fluency, a construct
that refers to the speed of accurate
reading (see Note 2); and (c) general
mental ability (“intelligence”). It is no-

TABLE 2
Percentile Values of Untransformed Variables for All Traditional and Computer-Based Assessment Measures and 

One-Way ANOVA of the Corresponding Differences in Transformed Variables

School samplea Clinical sampleb Effect size

Variable 10 50 90 10 50 90 F (1, 211) p Partial η2 Cohen’s d

Traditional Assessment

Pseudoword reading errors 1 4 10 4 7 13 20.46 < .0005 .09 .92
Pseudoword reading time(s) 28 41 64 44 59 128 37.69 < .0005 .15 1.25
Pseudoword repetition errors 1 4 8 1 4 9 .01 .922 .00 .02
Word reading errors 0 1 8 2 7 21 44.63 < .0005 .17 1.36
Word reading time(s) 68 89 132 101 132 212 42.33 < .0005 .17 1.32
Text reading errors 0 4 12 1 9 16 13.56 < .0005 .06 .75
Text reading time(s) 83 102 151 138 171 277 83.49 < .0005 .28 1.85
Text comprehension score 7 10 16 6 9 12 7.09 .008 .03 .54
Word spelling errors 0 1 6 1 6 12 26.67 < .0005 .11 1.05
Text spelling errors 0 3 15 4 13 26 32.25 < .0005 .13 1.15
RSPM (raw score) 23 39 48 27 38 48 .01 .940 .00 .02
WISC-III Digit Span (raw score) 10 13 18 9 12 15 5.28 .023 .02 .47
WISC-III Arithmetic (raw score) 14 17 21 14 16 19 4.08 .045 .02 .41
Phoneme deletion errors 2 5 11 2 7 13 3.95 .048 .02 .40
Speech discrimination errors 2 5 10 2 5 11 .36 .548 .00 .12

Computer-Based Assessment

Text comprehension score 5 8 9 6 7 9 1.73 .190 .01 .27
Text reading time(s) 11 19 33 19 26 50 27.05 < .0005 .11 1.05
Text spell-checking errors 8 17 28 17 27 33 30.18 < .0005 .13 1.12
Text spell-checking time(s) 43 61 91 49 79 149 20.06 < .0005 .09 .91
Frequency discrimination (Hz) 28 62 213 31 50 274 .04 .841 .00 .04
Two-tone sequencing (ms) 0 78 451 0 91 405 .02 .875 .00 .03
Three-tone sequencing (ms) 51 176 563 56 207 447 .02 .891 .00 .03
Pseudoword dictation score 16 20 22 13 18 21 5.91 .016 .03 .49
Word–picture matching score 20 25 28 13 20 25 28.20 < .0005 .12 1.08
Letter span score 4 6 8 3 4 7 12.62 < .0005 .06 .72

Note. N = 213. Untransformed variables derived from the 15 clinical assessment measures and 10 computer-based assessment measures are expressed in per-
centile values at the 10th, median (50th), and 90th percentile. Effect sizes are absolute values. RSPM = Raven’s Standard Progressive Matrices (Raven, 1976);
WISC-III = Wechsler Intelligence Scale for Children, 3rd ed., Greek version (Georgas et al., 1997).
an = 185. bn = 28.
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table that the two somewhat “audi-
tory” tasks (i.e., speech discrimination
and pseudoword repetition) group
with the more clearly “intelligence”
measures in the third factor.

For the 10 computer-based assess-
ment variables, the analysis again re-
vealed three factors with initial eigen-
values greater than 1.0, together
accounting for 49% of the total vari-
ance. Extraction communalities ranged
between .21 (for text reading compre-
hension) and .78 (for word–picture
matching). Inspection of the rotated
factor matrix (see Table 4) suggests that
the computer-based assessment roughly
addresses (a) auditory skills, (b) read-
ing and spelling accuracy, and (c) text
processing speed. It is notable that the
two spell-checking accuracy tasks also
group with processing speed in the
third factor.

Table 5 shows the correlations be-
tween the regressed factor scores from
the two analyses (traditional vs. com-
puter-based). The highest correlations
are observed among the factors thought
to assess similar constructs, although
the separation between accuracy and
fluency is not perfect. Notably, the au-
ditory factor from the computer-based
assessment is significantly correlated
with the intelligence factor from the
traditional assessment. To confirm the
relation between the factors derived
from each set of measures, the 25 vari-
ables were analyzed together, resulting
in five factors, together accounting for
53% of the total variance. A four-factor
solution would leave several variables
not loading on any factor, whereas a
six-factor solution could not achieve
convergence. The rotated factor matrix
(not shown) had variables from the ac-
curacy and speed factors of the two as-
sessments grouped together, whereas
the variables from the auditory and
general cognitive factors remained
separated.

In sum, it appears that both bat-
teries assessed a similar pair of con-
structs related to reading and spelling
fluency (primarily speed) and accu-
racy. However, the software battery
also derived an auditory factor that

TABLE 3
Rotated Factor Loadings of the Transformed Variables from the Traditional 

Assessment for School and Clinical Samples

Factor

Variable 1 2 3

Word reading errors .70 −.40 .19

Word spelling errors .66 −.33 .32

Pseudoword reading errors .66 −.25 .22

Text spelling errors .64 −.46 .28

Text reading errors .61 −.40 .16

Phoneme deletion errors .51 −.17 .40

Word reading time −.34 .85 −.16

Text reading time −.37 .81 −.26

Pseudoword reading time −.29 .78 —

Speech discrimination errors .25 — .59

WISC-III Arithmetic raw score −.28 — −.59

Text comprehension score −.15 .16 −.56

RSPM raw score .28 .14 .52

WISC-III digit span raw score −.18 .28 −.50

Pseudoword repetition errors — — .45

Score covariance .75 .88 .71

Sum of squared loadings (% var) 20.1 19.0 15.2

Note. N = 213. Loadings 0.4 and higher are shown in bold. Values of less than 0.1 are not shown at all.

TABLE 4
Rotated Factor Loadings of the Transformed Variables from the 
Computer-Based Assessment for School and Clinical Samples

Factor

Variable 1 2 3

Three-tone sequencing .85 −.14                      —

Two-tone sequencing .83 −.14                      —

Frequency discrimination .55 —                      —

Word–picture matching score     — .77 .42

Text spell-checking errors −.11 .65 .48

Letter span score −.30 .49 .25

Text comprehension score — .43 −.13

Pseudoword dictation score −.33 .36 .15

Text reading time — .20 .69

Text spell-checking — — .56

Score covariance .85 .73 .63

Sum of squared loadings (% var) 19.5 16.5 13.0

Note. N = 213. Loadings 0.4 and higher are shown in bold. Values of less than 0.1 are not shown at all.
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was not very strongly related to any of
the traditional measures. Taking into
account the comparison between
school and clinical samples (see Ta-
ble 2), this auditory factor is probably
not relevant to the identification of
children with RD. Similarly, the tradi-
tional battery derived a mental ability
factor, which is also apparently not
important for this type of classifi-
cation. Perhaps the measures loading
primarily on these factors are useful
for different classifications or clinical
evaluations.

Basis of Expert Judgment

How do skilled professionals evaluate
measures such as those in the tradi-
tional assessment to reach a diagnosis
of RD? Although all measures used are
internationally considered standard
components of an RD testing battery, it
is not known (a) which variables are
most relevant to diagnosis in the con-
text of the Greek language and educa-
tional system or (b) to what extent all
of the measures are actually taken to-
gether into consideration for the com-
prehensive evaluation.

Criterion for Discriminant Analy-
sis. The following analysis was per-
formed on a subsample including 134
children (64 girls) from the school sam-
ple only. No children from the clinical
sample were included because much
additional information was already
known about them, and this would
likely interfere with the experts’ judg-
ment. Two experienced professionals
in the diagnosis and remediation of RD
(including one of the authors) exam-
ined each individual assessment sheet,
with the results of all the aforemen-
tioned traditional assessment tasks,
and determined whether, on the basis
of these data, the child should be re-
ferred for comprehensive RD assess-
ment or not. None of the children 
had been administered the assessment
tasks by these experts; thus, the only
available basis for this judgment was
the written record of the traditional as-

sessment battery. The two experts
worked independently.

One hundred five (105) children
were identified by both experts as not
likely to have reading difficulties (no
disabilities; ND group), and for 9 chil-
dren (2 girls), both experts indicated
with confidence that they should be re-
ferred for full evaluation (RD group).
The remaining 20 children (9 girls)
were identified for referral by only one
of the two experts. Thus, the overall in-
terrater agreement among the two ex-
perts was 85% (concordance rate κ =
.40; when relevant, concordance rates
are henceforth reported using Cohen’s
κ statistic). The 20 ambiguously identi-
fied children were subsequently classi-
fied as either ND (n = 6) or RD (n = 14)
at a second stage, after discussion and
agreement among the two experts. The
two classifications (with 9 unambigu-
ous RD and 20 after discussion and re-
consideration) were taken as the refer-
ence criteria for the following analyses.

Relevance of Traditional Assess-
ment Measures for RD Classification.
Taking into account only the unam-
biguous classification (105 + 9 chil-
dren), stepwise discriminant analysis
of the 15 traditional assessment mea-
sures (with group classification prob-
abilities derived from the sample)
resulted in a function correctly classi-
fying 100% of the children (99.1% in
“leave-one-out” cross-validation, with
one RD child misclassified as ND; κ =
.94). Only 3 variables were used: word

reading errors, text reading time, and
word spelling errors.

Thus, it seems clear that the un-
ambiguous classifications of the ex-
perts are determined on the basis of
reading and spelling performance only,
taking into account speed as well as ac-
curacy. No other measures seem to in-
fluence expert judgment significantly,
consistent with the results of the com-
parison between school and clinical
samples (see Table 2).

Note that, because the discrimi-
nant analysis was conducted on the
same measures used by the experts for
their judgment, it is somewhat trivial
that high classification rates are ob-
tained. It must be stressed that the
point of this analysis was not to exam-
ine the classification rates but, rather,
to determine which measures influ-
enced expert judgment most, how reli-
ably we can predict expert judgment
from a specific set of measures, and,
most important, whether the measures
apparently taken into account by the
experts were the ones that best distin-
guished the populations (by reference
to the analysis of group differences be-
tween the school and clinical sample).
This is also why we used stepwise
analysis, in which a statistical crite-
rion—rather than researchers’ judg-
ment—determines which variables
enter the discriminant function. The re-
sults indicate that—in this case at
least—expert judgment for unambigu-
ous cases is quite systematic and reli-
able with respect to the observed data

TABLE 5
Correlations (r ) Between Regressed Factor Scores for Traditional 
Assessment (Rows) and Computer-Based Assessment (Columns) 

for the Combined School and Clinical Sample

Computer-based assessment

Factor 1 Factor 2 Factor 3
Traditional assessment (Auditory) (Accuracy) (Text processing)

Factor 1 (Accuracy) −.119 .565 .373

Factor 2 (Fluency) −.088 −.281 −.614

Factor 3 (Intelligence) −.345 .378 .198

Note. N = 213. Correlations significant to p < .0005 are shown in bold.



JOURNAL OF LEARNING DISABILITIES26

patterns. As one might expect, for the
cases of initial disagreement, the re-
liance on the assessment measures ap-
pears less systematic, and the corre-
sponding classification performance is
not as high (κ range = .70–.77).

Psychometric Adequacy of
Computer-Based Assessment

Having established a dichotomous ref-
erence criterion based on expert judg-
ment, which is itself valid with respect
to the measures found to distinguish
the RD-rich sample from the general
population, we can calculate the accu-
racy of matching this criterion with
measures from the computer-based as-
sessment. That is, we can examine the
validity of computer-based screening
in predicting expert judgment regard-
ing the referral of a child for full clini-
cal assessment.

Criterion-Referenced Validity of
Screening. Using the 10 variables of
the computer-based assessment, with
expert judgment serving as the classi-
fication standard, stepwise discrimi-
nant analysis resulted in a function
correctly classifying 97% of the 114 un-
ambiguously classified children (also
in cross-validation), with 1 RD group
child misclassified as ND and 2 ND
group children misclassified as RD (κ =
.83). Only 4 variables were used: text
reading time, text spelling correction

time, pseudoword dictation score, and
word–picture matching score.

Further discriminant analyses
were conducted with data from all 134
children, using the agreed-upon classi-
fication (23 RD total), which resulted in
85% of cases correctly classified (84%
cross-validated: 16 RD misclassified as
ND, and 5 ND misclassified as RD; κ =
.32) on the basis of only two measures:
text reading time and text spelling cor-
rection errors. Note that this is a very
difficult test for computer-based as-
sessment, because the criteria for ex-
pert judgment are not perfectly sys-
tematic in the case of disagreement
between the two experts. Nevertheless,
the “performance” of the automated
screening procedure was comparable
to the interrater reliability. Because ex-
pert judgment was the reference crite-
rion, it cannot possibly be expected
that a higher rate of correct classifica-
tion be obtained from the software.

A final analysis was conducted
with a manually selected subset of the
variables, taking into account (a) the
correlations between the measures, 
(b) their power in discriminating the
school sample from the clinical sample,
and (c) the time needed for the children
to complete each task. Specifically, the
two measures from the lengthy spell-
checking task were forced out of the
analysis, because the much briefer
word–picture matching task appar-
ently provided about the same infor-
mation. Text comprehension score was

also kept out of the analysis, along
with the three auditory measures, none
of which contributed to the discrimi-
nation of the samples. The remain-
ing four variables were all entered to-
gether into a new discriminant analy-
sis, and the resulting function achieved
97% correct classification (96% cross-
validated; κ = .76) of the unambiguous
cases. As there was no reduction in
classification accuracy over the previ-
ous functions, the outcome of this dis-
criminant analysis was retained in fur-
ther analyses and will henceforth be
considered the discriminant function
for the automatic classification of chil-
dren as RD or ND in the computer-
based assessment. The statistical eval-
uation for this function indicated an
eigenvalue of .48, canonical correlation
.57, and Wilks’ λ = .675, χ2(4) = 43.2, 
p < .0005. Function values at group
centroids were −0.20 for ND and 2.35
for RD. Table 6 lists the parameters in-
dicating the relative importance and
significance of each variable used in
the resulting function (all significant to
p < .0005).

In conclusion, it is possible to ob-
tain highly valid classifications of the
children based on only half of the com-
puter-based assessment, which are
comparable in validity (bottom-line
classification performance) with the in-
terrater reliability of the experts (see
Note 3). The measures that were most
useful for the classification were the
ones that were earlier found to differ
most between the school and the clini-
cal samples. This is an important veri-
fication of their significance, because
the discriminant analysis included
only children from the school sample,
referenced to expert judgment on the
basis of their traditional assessment.

Test–Retest Reliability of Com-
puter-Based Screening. Once the cri-
terion validity of the computer-based
assessment is established in detecting
the children most likely to have RD, it
is important to also determine the reli-
ability of this detection. The reliability
of computer-based screening can be as-
sessed using the standard test–retest

TABLE 6
Statistical Parameters and Relative Importance of Computer-Based 

Assessment Variables Selected for the Discriminant Function to 
Classify Children as Having RD or ND

Variable Wilks’ λ Coefficient Loading

Text reading time .829 .565 .716

Pseudoword dictation .886 .389 .654

Word–picture matching .802 .568 .516

Letter span .930 .059 .396

Note. Wilks’ lambda, standardized canonical discriminant function coefficients, and discriminant loadings
(pooled within-group correlations between discriminant variables and the standardized canonical discrimi-
nant function). RD = reading disabilities; ND = no disabilities.
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procedure, which evaluates the stabil-
ity of outcomes for each child. The
retest sample (including 48 children
who did not contribute data to any
other analyses), instead of receiving
both types of assessments, completed
the computer-based assessment twice.

The correlations between the first
and second score obtained on each of
the variables for the retest sample are
shown in Table 7. Most of the measures
appear to be moderately to highly reli-
able, with spell-checking time being
the least reliable and spell-checking er-
rors (number of remaining errors after
corrections) being the most reliable.
The reliability of these measures is ap-
parently unrelated to their validity for
discriminating between the school and
clinical sample or for classifying chil-
dren into RD and ND groups with re-
spect to expert judgment. Auditory
measures, in particular, are quite reli-
able in retest, yet they are useless in the
discriminations relevant to RD for this
population.

The test–retest reliability of the
discriminant function, computed as
the Pearson product-moment correla-
tion among the function values de-
rived from the first and second admin-
istration of the computer-based
assessment, was r = .57, p < .0005. The
reliability of classification itself can be
determined by cross-tabulating the
RD/ND outcomes from each adminis-
tration of the computer-based assess-
ment. Table 8 shows that more than
half of the children classified as having
RD in the first administration were re-
classified as having RD in the second
administration. The percentage of over-
all consistent classification in this case
is 83% (κ = .49). This performance is
comparable to the interrater reliability,
against which the discriminant func-
tion was computed, and about as much
as one would expect from the criterion
validity of the screening as computed
on the full sample (including ambigu-
ous cases, which can be expected to
occur in the retest sample as well).

However, the important question
concerns the children identified as
having RD only once: Were they inap-

propriately missed the other time? Or
did they not have RD and only showed
up once because of the moderately low
specificity of the screening? In other
words, if the screening procedure sys-
tematically detects unambiguous RD
cases with high validity, but also incor-
rectly detects ND cases less consis-
tently, the actual clinical significance of
the screening may be even higher than
83%—that is, more reliable than the
human experts’ judgment based on the
measures of the traditional assessment.
To examine this question, more de-
tailed validity analyses are needed.

Validity Confirmation of Com-
puter-Based Screening. For the 79
children (37 girls) whose data were not

used in the expert classification and
the derivation of discriminant func-
tions, it is possible to examine the va-
lidity of computer-based screening by
comparing the classification derived
from the software measures to that de-
rived by traditional assessment. Be-
cause a small subset of the traditional
assessment measures was found to
predict expert judgment almost 100%
for unambiguous cases, it was not con-
sidered necessary to examine the re-
maining individual assessment sheets
and manually classify the children as
having RD or ND. Applying the dis-
criminant function derived from the
traditional assessment analysis of only
unambiguous cases classified 35 chil-
dren as RD (11 from the school sample)

TABLE 7
Correlations Between Individual Transformed Measures from First and 

Second Administration of Computer-Based Assessment 
in Retest Sample

Measure r p

Text comprehension score .33 .027

Text reading time .24 .11

Text spell-checking errors .80 < .0005

Text spell-checking time .15 .32

Frequency discrimination .49 < .0005

Two-tone sequencing .78 < .0005

Three-tone sequencing .52 < .0005

Pseudoword dictation score .65 < .0005

Word-picture matching score .50 < .0005

Letter span score .31 .035

Note. Retest sample, n = 48.

TABLE 8
Classification of Retest Sample as RD or ND Based on First and 

Second Administration of the Computer-Based Assessment

Classification from 2nd assessment

Classification from 1st assessment ND RD

ND 34 4

RD 4 6

Note. RD = reading disabilities; ND = no disabilities.
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and 44 as ND (40 from the school sam-
ple). Based on the results of the crite-
rion validity analyses, we expect this
classification to agree about 90% with
expert judgment (because ambiguous
cases are likely to occur in this group of
children as well).

Table 9 shows the number of chil-
dren classified as having RD by the
software measures for each category.
Results are shown separately for the
full sample and the school sample only,
because the latter is expected to match,
in correct classification probability, the
sample on which the discriminant
functions were derived. The concor-
dance rates for these classifications are
κ = .59 (all) and κ = .48 (school only). In
both cases, “correct” classification is
about 80%, as would be expected from
the preceding validity analyses given
the imperfect reference criterion.

Any differences arising from ad-
justing the discrimination threshold
will affect the balance between sensi-
tivity (the percentage of RD children
correctly classified by the software)
and positive predictive value (PPV; the
percentage of children classified as RD
by the software that are correctly clas-
sified) of the computer-based screen-
ing. By altering the critical cutoff value
of the discriminant function, it is thus

possible to bias the selection toward
maximal sensitivity (i.e., to detect as
many RD as possible), in which case
PPV may drop to 50% or lower.

If the computer-based screening
is successful in detecting the children
who are most likely to be diagnosed
with RD, then the discrimination crite-
rion (cutoff threshold on the discrimi-
nant function) should allow adjust-
ment of certainty (with which each
child is referred) against coverage (suc-
cessful detection of most RD children).
A useful discriminant function would
identify the children with the most se-
vere RD (and only children with RD) at
the most stringent criterion. As the cri-
terion is set to lower threshold values,
the detection of a higher proportion of
children with RD will be necessarily
accompanied by an increasing number
of ND children misidentified as having
RD. Therefore, the derived discrimi-
nant function will be clinically useful
to the extent that its positive predic-
tive value increases as its sensitivity is
decreased.

Figure 1 shows the sensitivity and
positive predictive value of computer-
based screening as the number of de-
tected children increases (expressed as
a ratio over the number of target chil-
dren with RD, to allow comparisons

across different groups of children,
some including the clinical sample). It
is evident that the relation between
sensitivity and PPV is strongly inverse,
as expected. Moreover, the balance be-
tween sensitivity and PPV is not af-
fected very much by changes in the
proportion of children with RD in the
population or in the strictness of RD
classification criteria. Consistent with
the findings from the discriminant
analysis sample, the classification as
(possibly) having RD of twice the num-
ber of children actually expected to
have RD results in the detection of
about 90% of the children with RD in
the population.

Therefore, the bottom-line total
correct classification by the software is
comparable to the human interrater re-
liability in the traditional assessment
and remains in agreement with the cor-
responding result of the initial dis-
criminant analysis when considering
all children, including those whose
classification was initially in disagree-
ment by the experts. The uncertainty in
the classification of the 20 children in
the initially ambiguous group is seen
clearly in the failure of the discrimi-
nant function based on the traditional
assessment measures to match the ex-
perts’ agreement for 12 of them, classi-
fying as having RD only 6 of the 14
children indicated by the two experts
after discussion. Considering that the
same function accounted for 100% of
the unambiguous cases, and that inter-
rater reliability was 85%, it seems more
likely that the difficulty lies with the
profiles of the children and with the
lack of common standards and defi-
nitions in the Greek system than 
with any inadequacy of the statistical
analyses.

Computer-Based Detection of
Slow and Inaccurate Readers. Be-
cause dyslexia is typically understood
as a deficit that primarily affects word-
level reading accuracy and fluency, it is
of interest to examine the ability of
computer-based measures to separate
groups formed on the basis of single-

TABLE 9
Classification of Children from the School and Clinical Samples as 

RD or ND Based on the Traditional Versus the 
Computer-Based Assessment

Classification from 
computer-based assessment

Classification from traditional assessment ND RD

Combined groupa

ND 34 10
RD 6 29

School sample onlyb

ND 31 9
RD 2 9

Note. RD = reading disabilities; ND = no disabilities.
aIncludes all 79 children from the school and clinical samples not included in the calculation of the discrimi-
nant functions. bIncludes only the 51 children from the school sample not included in the calculation of the
discriminant functions.
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word reading speed and accuracy.
High- and low-performing groups on
these two measures from the tradi-
tional assessment were formed as fol-
lows: For word reading time, scores up
to the 20th percentile (44 children) de-
fined one group, and scores from the
39th percentile up (130 children) de-
fined the second group (henceforth
speed grouping). For word reading er-
rors, scores up to the 21st percentile (46
children) defined one group, and
scores from the 39th percentile up (131
children) defined the second group
(henceforth accuracy grouping).

Table 10 shows that the computer-
based measures, with the exception of
text comprehension and the auditory
tasks, differed significantly between
the high- and low-performing groups
for both the speed and the accuracy
grouping. After excluding the vari-
ables not differing significantly, linear
discriminant function analyses were
conducted separately for each com-
puter-based measure alone and for all

six measures together (see Table 11).
Text reading speed was the best pre-
dictor of the speed grouping, followed
by spell-checking time, whereas spell-
checking errors was the best predictor
of the accuracy grouping, followed by
word–picture matching. Thus, consis-
tent with the dimensions found in the
factor analyses, two speed measures
best predicted word reading speed,
and two spelling measures best pre-
dicted reading accuracy. Naturally, the
inclusion of all computer-based vari-
ables in the discriminant function in-
creases the detection performance, be-
cause of the intercorrelations and of the
imperfect reliability of the measures.

This analysis should not be taken
to imply that a classification of RD can
be made on the basis of a single mea-
sure. A single measure cannot capture
all the relevant skill variance associ-
ated with a target dimension (e.g., ac-
curacy). Moreover, imperfect reliabil-
ity and the lack of educational and
clinical context dictate that such

groupings can only be indicative. Still,
it is of interest that these theoretically
fundamental single-variable group-
ings can be significantly approximated
with the automated computer-based
measures, at a level of concordance
comparable to the validity of screen-
ing.

Discussion

The purpose of this study was to ex-
amine the characteristics of the RD
population in Greece and draw con-
clusions for further study related to RD
assessment practice, both traditional
and computer based. Age was held
constant in our sample to ensure the re-
liability of comparisons among mea-
sures and to avoid complexities related
to development or amount of instruc-
tion. However, the lack of age variabil-
ity also means that any conclusions
drawn from this sample will be of
questionable generalizability to other

FIGURE 1. Computer-based detection sensitivity and positive predictive value as a function of the proportion of children identi-
fied as having RD (that is, the ratio of children falling in the “RD” range of the discriminant function value over the number of
children assumed to have RD by the reference criterion). For example, if 10% of the sample is “known” to have RD, and 20%
of the children are classified as having RD by the software, this would correspond to a value of 2.0 on the horizontal axis. The
proportion of the “true” 10% that are classified as having RD is shown in the left panel and the proportion of the classified 20%
that are “true” RD is shown on the right panel. (The calculation was meant to allow comparisons across populations with differ-
ent proportions of RD children). The proportion of children identified as having RD is adjusted by altering the critical cutoff
value of the discriminant function that distinguishes RD from ND classification. For these graphs, cutoff values range between
0.0 and 2.0. Circles = all children; Squares = school sample only; Outline markers = liberal classification from traditional as-
sessment (cutoff = 2.0); Filled markers = Conservative classification from traditional assessment (cutoff = 2.5).
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ages. Therefore, the following discus-
sion applies only to seventh-grade
children.

Assessment Structure and the
Characteristics of RD in Greek

The analyses showed that the clinical
sample—a population with a very

large proportion of children with RD—
is distinguished from the general pop-
ulation primarily on the basis of slow
reading, consistent with reports from
other languages with regular orthogra-
phy (reviewed in the introduction) and
also from much younger children
learning to read Greek (Porpodas,
1999). Reading and spelling accuracy
problems are also of substantial im-

portance. These findings are important
and reliable because they emerged in-
dependently in the self-selected clini-
cal sample, in the experts’ judgment of
the school sample only, and in the fac-
tor structure of the assessment battery.

The traditional assessment seemed
to address mainly three dimensions of
relevant skills: accuracy, fluency, and
intelligence. None of these factors sep-

TABLE 10
Analysis of Variance of Computer-Based Assessment Measures for Speed and Accuracy Groupings of 

Children Based on Traditional Assessment

Accuracy groupinga Speed groupingb

Computer-based measure F(1, 175) p η2 d F(1, 175) p η2 d

Text comprehension score 1.625 .204 .009 .219 3.178 .076 .018 .311

Text reading time 36.505 < .0005 .173 1.034 80.825 < .0005 .320 1.567

Text spell-checking errors 61.811 < .0005 .261 1.348 68.666 < .0005 .285 1.446

Text spell-checking time 13.216 < .0005 .070 .623 44.822 < .0005 .207 1.167

Frequency discrimination 0.804 .371 .005 −.154 2.429 .121 .014 −.272

Two-tone sequencing 0.924 .338 .005 −.165 0.150 .699 .001 .067

Three-tone sequencing 5.576 .019 .031 −.405 1.254 .264 .007 −.195

Pseudoword dictation score 31.853 < .0005 .154 .967 14.959 < .0005 .080 .674

Word–picture matching score 62.534 < .0005 .263 1.356 64.062 < .0005 .271 1.396

Letter span score 20.475 < .0005 .105 .776 33.971 < .0005 .165 1.017

Note. d = Cohen’s measure of normalized distance among group means.
aScores up to the 20th percentile versus 39th percentile and higher on word reading errors. bScores up to the 21st percentile versus 39th percentile and higher on
word reading time.

TABLE 11
Linear Discriminant Function Analysis Using Individual Computer-Based Assessment Measures as 

Predictors of Speed and Accuracy Groupings of Children Based on Traditional Assessment

Accuracy groupinga Speed groupingb

Computer-based measure % Corr Sens PPV κ % Corr Sens PPV κ

Text reading time 70.1 .717 .452 .346 78.2 .750 .550 .484

Text spell-checking errors 78.5 .783 .563 .505 73.6 .773 .486 .415

Text spell-checking time 63.8 .609 .378 .215 75.9 .773 .515 .452

Pseudoword dictation score 68.9 .739 .442 .337 66.1 .659 .397 .263

Word–picture matching score 71.8 .783 .474 .394 72.4 .773 .472 .397

Letter span score 63.3 .739 .391 .260 70.7 .818 .456 .386

All six entered together 79.1 .739 .576 .502 83.9 .773 .654 .598

Note. % Corr = percentage correctly classified; Sens = sensitivity; PPV = positive predictive value; κ = Cohen’s measure of concordance among groupings.
aScores up to the 20th percentile versus 39th percentile and higher on word reading errors. bScores up to the 21st percentile versus 39th percentile and higher on
word reading time.
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arates reading from spelling ability, in-
dicating that orthographic precision
and efficiency affect the expressive and
receptive aspects of written commu-
nication equally. In contrast, the data
suggest a distinction between accuracy
and fluency, even though several mea-
sures contribute to both dimensions.
Critically, timing measures (including
color naming) contributed only to 
the fluency dimension, whereas pho-
neme deletion—our only phonological
awareness measure—contributed only
to the accuracy dimension, and not to
fluency. These results are consistent
with a two-factor model for reading
and spelling skills, in agreement with
the double-deficit hypothesis (Wolf &
Bowers, 1999; Wolf et al., 2002) and
with corresponding data from German
(Wimmer, Mayringer, & Landerl, 2000).
The relatively small effect size for pho-
neme deletion indicates that by this
age, core phonological difficulties have
to a large extent been resolved and are
thus not strong indicators of RD.

Our findings may be taken as dis-
similar to the German findings of
Wimmer and Mayringer (2002), who
found dissociations between reading
and spelling difficulties, possibly re-
flecting a sample difference, because
the children in that German study
were much younger (Grades 3 and 4).
However, there may actually be no dis-
crepancy, as the dissociation in Ger-
man between reading fluency and
spelling parallels the dissociation in
Greek between accuracy and fluency.
Wimmer and Mayringer did not report
reading error analyses because of per-
formance “close to ceiling” (p. 273);
they found a dissociation between
spelling accuracy, related to phonolog-
ical awareness, and reading fluency, re-
lated to naming speed. Word reading
accuracy was also very high in our
sample: The median for the school
sample was one error, and the median
for the clinical sample was 10% errors,
equal to the 90th percentile of the
school sample. Moreover, our phono-
logical awareness measure loaded on
the accuracy factor, along with word
reading and spelling accuracy, whereas

speed measures loaded on the fluency
factor. Thus, if the few errors made by
the German children were analyzed
and found to be strongly related to
spelling accuracy, then our findings
would replicate those of Wimmer and
Mayringer.

The emergence of three factors in
the analysis of the assessment battery
does not necessarily mean that these
factors are the only relevant dimen-
sions or even that these dimensions are
all related to RD. Because the sample is
composed primarily of children with
no RD, the observed factor structure
may reflect the “typical” state of affairs
as far as skill domains are concerned. If
we were to examine only children with
RD, it is conceivable that due to the
RD, the intercorrelations among the
measures might be lower (or differ-
ently patterned) and, therefore, that a
different structure might emerge. Un-
fortunately, the available sample of
children with RD was not large enough
to permit independent analyses.

The relevance of the three factors
for RD assessment can be examined by
ANOVA comparing the school and the
clinical samples on regressed factor
scores. Significant differences were
found for Factor 1 (accuracy), F(1, 211) =
15.75, p < .0005, η2 = .07; and Factor 2
(fluency), F(1, 211) = 53.69, p < .0005, 
η2 = .20; but not for Factor 3 (intelli-
gence), F(1, 211) < 1. Therefore, even
though some of the measures loading
on Factor 3 did differ significantly be-
tween the two samples, it appears that
their common variance expressed in
the intelligence dimension is not rele-
vant for the distinction between chil-
dren with and without RD. This is con-
sistent with the current trend away
from intelligence measures in RD as-
sessment. The larger effect size for Fac-
tor 2 is also consistent with the greater
importance placed on fluency than on
accuracy, especially for orthographi-
cally regular languages.

Because word-level difficulties,
and not text comprehension, are con-
sidered to be the defining feature of
dyslexia, the finding that the RD-rich
clinical sample does not differ very

much from the general population on
the reading comprehension measures
is in agreement with current under-
standing of RD, in that reading com-
prehension is not in itself a typical
problem for Greek children with RD.
In saying that, we must not draw the
conclusion that difficulty with compre-
hension is not frequently a sign of LD.
In our study, the reading comprehen-
sion subtest consisted of three pas-
sages, the two most demanding of
which were read silently for 1 minute
after the initial oral reading. This may
have diminished differences in com-
prehension, insofar as poor readers
had sufficient time to compensate for
any working memory or text process-
ing deficits, by expressing a tradeoff
between the time taken to read (mea-
sured as fluency) and text processing
time (primarily affecting comprehen-
sion; see Weaver, 2000). It remains pos-
sible that a subgroup of children with
LD present with primary difficulties in
text comprehension. Such children
should not be diagnosed with dyslexia,
and, on the basis of the aforementioned
findings, it might be expected that
their performance on the intelligence
measures would be on the low side of
average (Oakhill & Garnham, 1988).

The Case for Computer-Based
Screening

Because of the lack of a school-based
service system for assessing and help-
ing children with LD in Greece, chil-
dren with learning problems manage
to reach secondary school unable to
deal with the demands of academic
work. Few professionals are ade-
quately trained to deal with assess-
ment and intervention in an educa-
tionally constructive manner, and so
far no standardized screening battery
is available in the Greek language for
the age group studied here. In this con-
text, computer-based assessment may
prove instrumental in the quest for
well-researched psychometric tools.
Current diagnostic practice is based
primarily on personal experience, rely-



ing more on overall impression than on
specific measurement, and thus less
likely to identify the pattern of diffi-
culties that each student faces and less
likely to devise the proper intervention
addressing the domains of greatest
need. Clinical instinct may be one
important factor, but it must be
complemented with psychometrically
validated tools. After all, clinical judg-
ments are known to be inferior to actu-
arial classifications, especially when
based on unstructured observations
and not on standardized measures
(Grove, Zald, Lebow, Snitz, & Nelson,
2000).

If computer-based assessment is
to be employed as a screening tool, it
must be held to the usual psychomet-
ric standards of traditional measures
(cf. Naglieri, 2004, for Internet-based
testing). As other recent attempts have
indicated, this is a feasible aim (e.g.,
Lancaster & Mellard, 2005). Normative
data and high validity and reliability
are necessary, as well as clear
implications for application in educa-
tional practice. The battery presented
here has only passed the first stage of
psychometric adequacy, in a relatively
small sample of the general school
population. Large-scale application
and normative data are needed before
its widespread adoption.

Computer-based assessment can
never supplant evaluation by an expert
professional, primarily because it can-
not provide the comprehensive evalu-
ation needed to secure proper diag-
nosis. Current recommendations for
assessments dictate “a hierarchical ap-
proach . . . in which the relationship of
academic deficits, cognitive skills, and
psychosocial factors is carefully eval-
uated for each child [to allow] an
interdisciplinary team to develop an in-
tervention plan” (Fletcher et al., 2002,
p. 57). This feat is—and will likely
remain—outside the reach of computer-
based assessment. However, if the
specific measures generated by com-
puter-based assessment are reliable,
valid, and useful, why not import the
technology into standard practice as a
supporting tool?

Financial and social considera-
tions are also relevant: If there are
insufficient personnel to address the
needs of an educational system, this
means that many children who need
extra attention will simply not receive
it. Upon this null baseline, any method
that can offer reliable (even if imper-
fect) services to these children at an ac-
ceptable cost should be taken seriously.
As all schools now have some com-
puter equipment, a computer-based
screening test comes at negligible cost
(and with none of the stigma associ-
ated with visits to special services). In-
sofar as this test can identify a sub-
group of children who are most likely
to need extra attention and refer them
for evaluation, the cost–benefit advan-
tages of this approach are obvious.

Conclusion

Turning to the research questions
stated in the introduction, the follow-
ing tentative answers may be provided
on the basis of our findings:

1. The population of schoolchildren
in Greece who seek assessment for
LD and are likely to receive a diag-
nosis of dyslexia according to cur-
rent practice differ from the gen-
eral school population primarily in
reading speed, and also in reading
and spelling accuracy.

2. The factor structure of the assess-
ment battery includes three main
dimensions, related to accuracy,
fluency, and intelligence. Of these,
only the first two are relevant for
the RD diagnosis.

3. Expert judgment for RD diagnosis,
at least for the two professionals
who contributed to this study,
seems to be based primarily on
reading and spelling accuracy and
on reading speed (i.e., on the same
measures that distinguish the rele-
vant population). On the other
hand, discrepant judgments were
also noted, which are not ac-
counted for statistically in a con-
sistent manner and thus remain in
need of further investigation.

4. Computer-based screening is psy-
chometrically adequate in detect-
ing children who are likely to be
diagnosed with RD if evaluated by
competent professionals. A valid
and reliable discriminant function
can be derived from measures
taken without supervision in a 
30-min interaction in the form of
“computer games” in the school
computer laboratory. The test–
retest reliability and the criterion-
referenced validity of the detection
are comparable to the interrater re-
liability among independent ex-
perts. The sensitivity and predic-
tive value of detection can be
balanced against each other to
achieve optimal cost–benefit re-
sults for a specified proportion of
children with RD in the general
population.

Future research should address in
detail the characteristics of children
with RD using a more comprehensive
battery and a larger RD population, to
determine whether the subtypes re-
ported for English are also relevant for
Greek, with the ultimate objective of
prescribing intervention practices tai-
lored to the individual needs of chil-
dren with RD according to their per-
formance patterns.
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NOTES

1. There was also a gender difference in fre-
quency discrimination, F(1, 208) = 10.03, 
p = .002, interacting with sample, F(1, 208) =
5.22, p = .023, so that it was significant only
in the clinical sample, with boys performing
better than girls, F(1, 25) = 23.99, p < .0005.
Because this measure was not found to be
relevant to the RD classification, the differ-
ence was not pursued further.

2. This second factor is also the one on which a
naming measure would load most. A rapid
color naming measure was included in the
traditional assessment battery, but it was re-
moved from the analysis because it was not
part of the original protocol and data for only
162 children of the 213 were available. For
these 162 children, Pearson’s correlation co-
efficients (r) between time to name 60 col-
ored “XXXXX” items and the three factors

were −.12, .49, and −.26. Of these, only the
correlation with Factor 2 (fluency) was sig-
nificant to p < .0005.

3. To verify that the small size of the RD group
was not the cause of the highly successful
discrimination, additional analyses were
conducted including the clinical sample. The
new ND group thus formed included the 105
children from the school sample plus 2 chil-
dren from the clinical sample who were not
diagnosed with RD, and the new RD group
included the 9 children from the school sam-
ple who were unambiguously judged to have
RD by both experts plus 26 children from the
clinical sample who were diagnosed with RD
after comprehensive clinical evaluation. The
resulting discriminant functions were prac-
tically identical with those derived using
only the 9 RD children from the school sam-
ple: Correlation coefficients among discrim-
inant scores from the two analyses were r =
.99 for the traditional assessment and r = .98
for the computer-based assessment.
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APPENDIX
Traditional Assessment Intercorrelations

TABLE A1
Correlations Among Measures from the Traditional Assessment

Measure PRDT PREP WRDE WRDT TRDE TRDT TCOMP TSPE WSPE PHDL SPDIS RAV DIGSP ARITH

PRDE −.41 .12 .64 −.46 .55 −.47 −.22 .58 .53 .50 .34 .24 −.31 −.37

PRDT .02 −.48 .78 −.48 .72 .10 −.52 −.38 −.26 −.07 .04 .25 .13

PREP .12 −.12 .12 −.15 −.25 .14 .15 .10 .37 .18 −.22 −.25

WRDE −.60 .64 −.65 −.31 .66 .66 .47 .31 .22 −.34 −.31

WRDT −.60 .83 .27 −.64 −.56 −.39 −.22 −.07 .38 .27

TRDE −.57 −.22 .57 .58 .47 .25 .20 −.31 −.31

TRDT .37 −.71 −.62 −.40 −.26 −.09 .43 .32

TCOMP −.33 −.34 −.31 −.37 −.35 .30 .38

TSPE .78 .47 .34 .27 −.34 −.39

WSPE .49 .38 .30 −.32 −.41

PHDL .39 .36 −.42 −.39

SPDIS .35 −.34 −.36

RAV −.25 −.41

DIGSP .45

Note. Pearson product–moment correlation coefficients (r ) of transformed measures from the traditional assessment, for the school and clinical samples combined
(N = 213). Correlations significant to p < .0005 are shown in bold. PRDE = pseudoword reading errors; PRDT = pseudoword reading time; PREP = pseudoword
repetition errors; WRDE = word reading errors; WRDT = word reading time; TRDE = text reading errors; TRDT = text reading time; TCOMP = text comprehension
score; TSPE = text spelling errors; WSPE = word spelling errors; PHDL = phoneme deletion errors; SPDIS = speech discrimination errors; RAV = Raven’s Stan-
dard Progressive Matrices (Raven, 1976) raw score; DIGSP = Wechsler Intelligence Scale for Children, 3rd ed., Greek version (WISC-III; Georgas et al., 1997)
Digit Span raw score; ARITH = WISC-III Arithmetic raw score. 

TABLE A2
Correlations Between Measures from the Traditional Assessment (Rows) and Computer-Based Assessment (Columns)

Traditional measure TCS TRT TSE TST FD 2TS 3TS PD WPM LS

Pseudoword reading errors .09 .27 .52 .17 −.09 −.17 −.21 .26 .48 .26

Pseudoword reading time −.13 −.48 −.40 −.33 .02 −.05 .02 −.13 −.42 −.25

Pseudoword repetition errors .11 .08 .16 .14 −.22 −.21 −.19 .19 .15 .22

Word reading errors .16 .44 .62 .28 −.07 −.12 −.15 .35 .58 .39

Word reading time −.11 −.58 −.55 −.40 .10 .03 .09 −.21 −.55 −.38

Text reading errors .12 .42 .59 .28 −.10 −.19 −.23 .24 .50 .37

Text reading time −.14 −.63 −.58 −.44 .08 .04 .10 −.31 −.59 −.42

Text comprehension score −.29 −.26 −.40 −.20 .12 .19 .22 −.23 −.41 −.29

Word spelling errors .15 .45 .67 .25 −.11 −.10 −.20 .31 .66 .41

Text spelling errors .13 .49 .69 .33 −.11 −.06 −.15 .32 .70 .43

RSPM raw score .35 .08 .19 −.02 −.18 −.26 −.33 .29 .28 .29

WISC-III digit span raw score −.08 −.29 −.28 −.16 .15 .18 .24 −.27 −.34 −.34

WISC-III arithmetic raw score −.23 −.27 −.38 −.16 .14 .16 .26 −.16 −.40 −.34

Phoneme deletion errors .06 .20 .38 .10 −.16 −.22 −.26 .31 .39 .39

Speech discrimination errors .14 .22 .32 .08 −.32 −.24 −.32 .36 .31 .21

Note. RSPM = Raven’s Standard Progressive Matrices (Raven, 1976); WISC-III = Wechsler Intelligence Scale for Children, 3rd ed., Greek version (WISC-III; Geor-
gas et al., 1997). Computer-based assessment measures: TCS = text comprehension score; TRT = text reading time; TSE = text spell-checking errors; TST = text
spell-checking time; FD = frequency discrimination; 2TS = two-tone sequencing; 3TS = three-tone sequencing; PD = pseudoword dictation; WPM = word–picture
matching; LS = letter span.




