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Abstract
An increasing number of students with dyslexia register in higher education. As a consequence,
information on their pattern of strengths and weaknesses is essential to construct adequate
assessment and diagnostic protocols. In a sample of 100 first-year bachelor students with dyslexia
and 100 control students, a large pool of cognitive skills were tested using a variety of tests. When
we applied an exploratory factor analysis to scores, a model with 10 factors fitted the data best.
Effect sizes were used to express the processing costs of students with dyslexia. The factors related
to reading, spelling, flashed orthography, phonology, naming, math, and reading fluency resulted in
large effect sizes. A factor combining all measures for crystallized IQ had a medium effect size. The
subtests for fluid intelligence were divided in two separate constructs. Relationships between all
subtest scores are visualized and interpreted in a general theoretical and practical framework.

Keywords: Cognitive test battery, diagnostic protocol, dyslexia, higher education, exploratory factor
analysis
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Introduction
Reading and writing are necessary skills for everyday functioning. Unfortunately, a small
percentage of people do not succeed in developing these skills to an adequate level. When the
failure to automate these skills cannot be attributed to dysfunctions in intellectual, sensory or
emotional abilities, or to inadequate instruction, the presence of a specific learning disorder or
dyslexia is suspected. In Belgium, dyslexia is diagnosed when the symptoms are in accordance with
the SDN definition (Stichting Dyslexie Nederland, 2008 [Foundation Dyslexia Netherlands]). This
implies first that the level of reading and/or spelling is significantly lower (below percentile 10)
than can be expected on the basis of the individual’s educational level and age (criterion of
deficiency). Secondly, following the criterion of “response to instruction”, the low reading and
writing scores remain present despite some form of remedial teaching (criterion of resistance).
Finally, the SDN definition requires the attestation that the reading and writing impairment cannot
be attributed to external and/or individual factors such as socioeconomic status, cultural
background, or intelligence (criterion of exclusion).
There is a growing body of research on dyslexia in higher education because worldwide a larger
number of students with dyslexia are performing well enough in primary and secondary school to
go through to higher education (Hadjikakou & Hartas, 2008; Hatcher, Snowling, & Griffiths, 2002;
Madriaga et al., 2010). This creates new challenges for these institutions, as not all students have a
valid and recent assessment (Gilroy & Miles, 2001; Harrison & Nichols, 2005; Parrila, Georgiou, &
Corkett, 2007; Singleton, 1999). The main concern in the assessment of dyslexia at a later stage is
the fact that symptoms are possibly not as pronounced because of received remediation and
adapted compensatory techniques (Singleton, Horne, & Simmons, 2009; Wilson & Lesaux, 2001).
Also, the specific group of students taking the step to higher education is more likely to have
developed skills that enable them to partially overcome their reading and writing problems
(Mapou, 2008; Spinelli et al., 2005). However, only few diagnostic protocols have been validated for
3
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higher education. Compared to the tests available for primary school children, there are but a small
number of diagnostic instruments available for adolescents.
A pioneering study on dyslexia in higher education was published by Hatcher et al. (2002). These
authors ran a study with the aim to produce guidelines for the intake of students with dyslexia in
higher education. An inventory was made of a range of relevant skills such as reading and writing
but also intelligence, verbal fluency, and speed of processing. Additionally, the authors used a
discriminant analysis to find out how many tests were needed for valid diagnosis. They concluded
that a diagnosis with 95% accuracy was possible on the basis of four tests only: word spelling,
nonword reading, digit span and writing speed. Callens, Tops, & Brysbaert (2012) also ran a similar
study on a group of first-year bachelor control students (N= 100) and a group of students with
dyslexia (N= 100) in the Dutch language. A large number of cognitive functions reported in Hatcher
et al. (2002) and a meta-analysis by Swanson and Hsieh (2009) on dyslexia in adulthood were
assessed with a large variety of standardized tests and validated instruments (see below for a more
detailed list of the selected variables). Based on an original pool of 53 variables, Tops, Callens,
Lammertyn, & Brysbaert (2012) identified 27 variables that were most discriminative between
dyslexics and controls, and they investigated how many of these were needed for valid assessment.
On the basis of a classification algorithm, the authors showed that the number of tests could be
reduced to three without loss of predictive power (i.e., the power to correctly classify a new group
of participants). These tests were: word spelling, word reading, and phoneme reversal time. The
prediction accuracy –based on a 10-fold cross-validation technique- was 90.9% (95% CI [87.1,
94.8]). Sensitivity was 91% and specificity 90% (Tops et al., 2012). Adding more variables did not
increase the diagnostic power.

When the confirmation or rejection of a diagnosis is the primary goal, a test protocol with a
maximum of three to four predictors (Hatcher et al., 2002; Tops et al., 2012) is sufficient. However,
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this does not mean that students struggle only on these three tasks. It just means that adding more
tasks does not help to better discriminate students with dyslexia from others. Experience shows
that students generally seek more than a mere diagnostic label. Often they are in need of a wider
overview of their strengths and weaknesses in order to optimize their performance throughout
their academic career (Du Prez, Gilroy, & Miles, 2008). For researchers, it is also important to know
how the various skills are interrelated and affected in students with dyslexia. Therefore, in the
present study, we try to bridge the gap between the existing theoretical frameworks and everyday
practice by using an exploratory factor analysis (EFA) in combination with effect sizes.
In factor analysis, the goal is to reduce the number of variables by using the covariations between
the observed variables. These covariations, which can be defined as the way two variables change
together, are assumed to be due to the presence of an underlying, latent variable that exerts a
causal influence on the observed variables. Variables that vary together are grouped together under
a latent variable.
Factor analysis is usually applied to a homogeneous group to investigate how the variables in the
group covary. In such an analysis, the input variables and the extracted factor structure will reflect
natural variation within this homogeneous group. In our analysis, the results of two groups
(dyslexics and controls) are analyzed together. This means that there are now two sources of
variation in the input variables and in the extracted factor structure: part of the variation is due to
differences that occur within each group, whereas another part of the variation is due to differences
between the groups. The more the groups differ from each other on a variable, the more the factor
to which the variable is allocated summarizes the difference between the groups rather than the
variability within each group. Because the EFA itself does not know where the variance comes from
(within or between groups), we computed for each factor the effect size of the difference between
the two groups of participants’ estimated scores. The larger the difference between the groups, the
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more the latent variable is influenced by the between-groups variance. If there is no difference
between the two groups, the latent variable is influenced by the within-groups variance. The
question that is put forward is how many factors are needed to extract the pattern of relationships
in a wide range of variables that are important in higher education. With this new approach, the
goal is to unfold a more general profile of differences between normal reading students and
students with dyslexia, thus helping professionals to recognize a dyslexia profile (with the notion
that individual differences are possible). Also, by getting a clear view on how the different subtests
relate to each other and which latent variables are essential in a diagnostic protocol for dyslexia,
information is at hand about how to make a better and a more cost-efficient protocol for dyslexia.
In addition to the obvious differences in reading and writing performance, other cognitive skills are
known to distinguish between normal readers and readers with dyslexia in young adulthood. In the
following paragraphs, an overview is given of these constructs and the reason for including them in
this study (see also Callens et al., 2012).
The core problem of individuals with dyslexia concerns reading and/or spelling. Even in adulthood,
specific difficulties with reading and spelling can be detected using instruments that are sensitive
enough. Impaired accuracy in whole-word reading and text reading was found by Lindgren and
Laine (2011). A meta-analysis conducted by Swanson (2012) also identified single-word
recognition as the main characteristic (d=1.37) of adults with dyslexia. As a specific reading skill,
decoding is usually evaluated with the use of pseudowords. Readers with dyslexia are said to
process pseudowords less accurately and more slowly than normal readers, a finding often referred
to as an increased lexicality-effect or nonword-reading deficit. This effect states that readers with
dyslexia are generally believed to exhibit a specific problem with reading nonwords; it has been
replicated in many studies and age groups (Bekebrede, van der Leij, & Share, 2009; Gottardo, 1997;
Greenberg, Ehri, & Perin, 1997; Herrmann, Matyas, & Pratt, 2006; Pennington, Vanorden, Smith,
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Green, & Haith, 1990). Recently, the effect has been called into question by Van den Broeck &
Geudens (2012), who argued that the increased nonword reading deficit in disabled readers could
be an artifact of the methods that were used. The authors postulate that in many studies reporting
this effect, the applied methods (such as grade equivalents scores, the reading-level match design,
and interactions in a chronological age-matched design) are questionable since they fail to account
for confounding variables such as age and general slowing. Opinions also differ on the influence of
dyslexia on reading comprehension as a subskill of reading development. Some studies report
impaired reading comprehension in adult dyslexics (Everatt, 1997; Swanson, 2012) while Lindgren
and Laine (2011) found no or only minor differences in university students on a task without time
constraints.
Apart from reading-related aspects, spelling is the second core problem in adult individuals with
dyslexia. Word spelling accuracy was found to be highly discriminative for dyslexia in higher
education (Hatcher et al., 2002; Lindgren & Laine, 2011; Wilson & Lesaux, 2001). As a result,
measurements of spelling performance are usually included in assessment protocols for dyslexia in
higher education (Re, Tressoldi, Cornoldi, & Lucangeli, 2011; Tops, Callens, Van Cauwenberghe,
Adriaens, & Brysbaert, 2013; Warmington, Stothard, & Snowling, 2012).
Some aspect of phonological processing is typically included in the diagnostic process of dyslexia as
well, even in adults. The fact that individuals with dyslexia suffer from phonological problems is
generally accepted (de Jong & van der Leij, 1999; Griffiths & Snowling, 2002; Vellutino, Fletcher,
Snowling, & Scanlon, 2004; Wagner & Torgesen, 1987). Even adults with dyslexia show
phonological deficiencies in comparison to proficient readers/spellers on more demanding
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phonological tasks such as spoonerisms or reversals1 (Bruck, 1992; Wilson & Lesaux, 2001; Wolff &
Lundberg, 2003).
Although the phonological deficit theory has long been the leading theory in dyslexia, studies now
have shown that other processes also play a role in the prediction of differences between
adolescents and adults with and without dyslexia. Next to the traditional reading- and spellingrelated aspects (i.e. single-word recognition, reading comprehension, and spelling), verbal memory,
vocabulary, math, and naming speed have been identified as relevant in the distinction between the
groups (for a review, see Swanson & Hsieh, 2009) yielding medium to large effect sizes. Functions
such as general intelligence, problem solving, reasoning, and visual memory appear less impaired
with only low to moderate effect sizes (therefore with less practical relevance). In a comparative
study of the Adult Intelligence Scale (WAIS; Wechsler, 2001) and the Kaufman Adolescent and Adult
Intelligence Test (KAIT) on college students with and without dyslexia, no differences were found
in fluid or crystallized intelligence (Morgan, Sullivan, Darden, & Gregg, 1997).
In light of the importance of reading for vocabulary acquisition (Cunningham & Stanovich, 1997;
Nagy, Anderson, & Herman, 1987), the finding of Swanson and Hsieh (2009) that vocabulary is
often impaired in adolescents with dyslexia is not surprising. In their meta-analysis, an effect size of
d=0.71 was reported for the category that grouped measures related to word meaning and
semantic word knowledge (i.e., Peabody Vocabulary Test, WAIS vocabulary, and the Stanford Binet
Vocabulary Test). However, in vocabulary measurements, it is often not possible to distinguish
whether actual word knowledge or some aspect of lexical retrieval has been evaluated.
Researchers consider rapid naming (RAN) as a more specific measure of lexical retrieval. In this
task a small number of high-frequency stimuli must be named repeatedly. How a participant

In a spoonerism task the first letters of two words need to be interchanged (e.g. Harry Potter becomes Parry
Hotter). In a reversal task individuals need to determine whether two presented words or pseudowords are
exact reversals (e.g. ran-nar).
1
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performs on the RAN task is said to reflect the ability to retrieve phonological codes from long-term
memory and, therefore, the level of performance is seen as an expression of phonological
processing (besides phonological awareness and verbal short-term memory). The rapid naming
skill consistently discriminates normal from dyslexic individuals (Wolf & Bowers, 1999) and is an
independent predictor of fluency in word reading (Lervag & Hulme, 2009; Manis, Doi, & Bhadha,
2000; Powell, Stainthorp, Stuart, Garwood, & Quinlan, 2007). The slowness in RAN typically seen in
individuals with dyslexia is not only visible in children but stretches out to adulthood (Bekebrede et
al., 2009; de Jong & van der Leij, 2003; Shaywitz & Shaywitz, 2005). Studies have demonstrated that
continuous presentation versions of the RAN are more strongly related to reading fluency than
discreet versions (Bowers & Swanson, 1991). This could be because dyslexics have more difficulties
inhibiting previously activated information and processing upcoming items (i.e., lateral inhibition
or crowding) (Jones, Ashby, & Branigan, 2013). Still, there is evidence that both the discrete and the
continuous versions discriminate between groups of dyslexic readers and normal readers (Castel,
Pech-Georgel, George, & Ziegler, 2008; Jones, Branigan, & Kelly, 2009).
Another closely related cognitive function often discussed in relation to dyslexia is working
memory. Impairments in working memory have been well documented in individuals with dyslexia.
Smith-Spark and Fisk (2007) reported that these impairments were not limited to the phonological
loop but extended into the visuospatial domain. In contrast, other authors postulated that the
visuospatial working memory skills exceed the verbal-phonological ones in individuals with
dyslexia (Brosnan et al., 2002; Swanson, Howard, & Saez, 2006).
A further source of difficulties with word recognition can be found at the level of morphological
processing. Although not much research has been done on this topic, Schiff and Raveh (2007) and
Leikin and Hagit (2006) reported specific deficiencies in morphological processing in adults with
dyslexia compared to normal readers. Closely related to morphology is syntactic processing. Using
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ERP measures, Leikin (2002) observed significant differences in syntactic processing which could
reflect a general syntactic processing weakness in dyslexia.
As described above, Swanson’s (2012) meta-analysis found that math was also identified as a factor
distinguishing normal readers from disabled readers. Simmons and Singleton (2006) were among
the first to report deficient number fact retrieval in adults with dyslexia. Gobel and Snowling (2010)
further found that basic number processing is intact but that adults with dyslexia have difficulties
with arithmetic problems that rely on a verbal code. The authors found impairments in addition
and multiplication but not in subtraction. They explained this set of findings on the basis of the
triple code model of numerical cognition (Dehaene, 1992; Dehaene, Piazza, Pinel, & Cohen, 2003),
which states that numbers can be stored in three different codes (analog, Arabic, verbal), with the
verbal code particularly important for table-related arithmetical operations (multiplication and
addition). Gobel and Snowling (2010) further made sure that the arithmetic differences they
observed were not due to low-level phonological deficits. De Smedt and Boets (2010) also found
that adult dyslexics were worse at arithmetic, but this was true both for multiplication and
subtraction in their group. The authors examined their results in more detail and observed slower
executive retrieval strategies. Phonological awareness was specifically related to fact retrieval.
Finally, some studies have focused on differences in speed of processing (SOP). Romani, Tsouknida,
di Betta, and Olson (2011) used an array-matching task in which two strings of either consonants or
symbols were presented side by side and had to be judged as same or different. Here, the dyslexia
group did not perform worse on SOP. In a paper by Stenneken et al. (2011), however, a group of
high achieving young adults with dyslexia showed a striking reduction in perceptual processing
speed (by 26% compared to controls). Peter, Matsushita, and Raskind (2011) also found slower
processing in poor readers, and Hatcher et al. (2002) found students with dyslexia to be slower in
speed of processing as measured with a digit copying task.
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Research questions
In light of the exploratory character of our study, performance on several cognitive constructs said
to distinguish between groups was analyzed with an EFA inserting both the data from a group of
students with dyslexia and a control group into the analysis. In relation to learning disabilities, this
technique has been used in the past with the purpose to cluster relevant variables and to
investigate latent dimensions (Peter et al., 2011; Vloedgraven & Verhoeven, 2007). The rationale
behind the approach is that variance between groups will lead to a large effect size in the emerging
latent variables. This informs us about the interrelations of the various measures discriminating
between students with dyslexia and control students. This paper will focus on the coherence
between the cognitive skills in order to optimize the construction of valid diagnostic protocols for
dyslexia in higher education and guide professionals in the selection of subtests.

Method
Participants
We recruited 200 first-year bachelor students in higher education (Callens et al., 2012) following
either a professional bachelor program (in colleges for higher education) or an academic bachelor
program (in some colleges for higher education and at the university) in Ghent2. The group
consisted of 100 students diagnosed with dyslexia and a control group of 100 students with no
known neurological or functional deficiencies. All had normal or corrected-to-normal vision and
were native speakers of Dutch. Participation was compensated financially. In each group, 41 males
and 59 females participated; 63 students were following a professional bachelor program and 37 an
academic bachelor program. More information on the participants is available in Table 1. The study
was approved by the ethical protocol of Ghent University, meaning that students gave written

2

Ghent is one of the major cities in Flanders, the Dutch speaking half of Belgium.
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informed consent and were informed that they could stop at any time if they felt they were treated
incorrectly.
Table 1
Demographic and cognitive information on the control group and the group with dyslexia.

Gender

Control group

Dyslexia group

% male

41

41

% female

59

59

19 years 11 months

19 years 4 months

% fathers with a postsecondary degree

44

53

% mothers with a postsecondary degree

52

59

% professional

63

63

% academic

37

37

Mean age

Type of Bachelor

107

105

100.42 (10.58)

77.06 (14.11) *

Pseudoword reading (Klepel)

59.58 (12.75)

41.30 (10.41) *

Word spelling (GL&SCHR)

121.40 (12.84)

91.65 (15.69) *

Spoonerisms time (GL&SCHR)

115.44 (34.90)

176.33 (54.01)*

FIQ
Word reading (EMT)

Note: * p < .01

The group of 100 students with dyslexia was recruited with the assistance of the non-profit
organization Cursief, which is primarily responsible for the attestation and guidance of students
with learning disabilities. Every first-year bachelor student applying for special educational
measures related to dyslexia was asked to participate in our study until a total of 100 was reached.
Ninety-nine students reported having been diagnosed prior to the study by trained diagnosticians
(i.e., Centers for Student Counseling, speech and language pathologists, neurolinguists, child
psychiatrists or developmental neurologists, psychologists, or pedagogues). From one participant,
this data was unavailable. Most students reported having received individual remediation by a
speech therapist (N=88) or individual tutoring at school (N=8). One participant went to an
institution for special education, two reported having received intensive assistance from their
parents during primary school, and for one participant this information was unavailable. Individual
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remediation (by a speech therapist) typically lasted 3 years and 11 months, with a range of 6
months to 10 years and a standard deviation of 2 years and 2 months. Based on the results of the
assessment procedure as described in combination with reports from remedial teachers proving a
lack of response to intervention, it was clear that the group met the three criteria for dyslexia put
forward by the Foundation Dyslexia Netherlands (Stichting Dyslexie Nederland, 2008) (see above).
The control group matched the dyslexia group on field of study and gender. The students with
dyslexia provided us with some names of fellow classmates who were interested in participating in
the study. In case they failed to provide any, control participants were recruited by means of
electronic platforms or the guidance counselors at the institution in question. The presence of any
undetected reading/spelling disorders in the control group was ruled out by asking the students if
they had experienced any learning problems in previous education in combination with the results
on a standardized word reading test (One-Minute Test, EMT; Brus & Voeten, 1991), a pseudoword
reading test (De Klepel; van den Bos, Spelberg, Scheepsma, & de Vries, 1999) and a word dictation
task (De Pessemier & Andries, 2009). Groups differed neither in age [t(198) = -0.91; p = .36 ] nor in
Fluid IQ [t(198) = 0.92 ; p = .36].

Test materials
Several cognitive skills were assessed with three validated and widely used Dutch instruments: (1)
the Dutch version of the KAIT (Dekker et al., 2004) for measures of intelligence, (2) an established
test battery for diagnosing dyslexia in young adults called the GL&SCHR (De Pessemier & Andries,
2009), and (3) the Interactive Dyslexia Test Amsterdam-Antwerp (IDAA), a computer-based
assessment for dyslexia in higher education (Van der Leij et al., 2012). With these batteries several
cognitive functions were measured. In addition to these three test batteries, several other tests
were administered. A detailed description is given for all administered subtests categorized
according to the cognitive skill they evaluate. Information on the core batteries and the validity and
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reliability of all measures is available in Callens et al. (2012) and the Supplementary materials 1 of
the present publication.
To make comparisons with other studies easier, the following subtests were itemized according to
the cognitive function they assess rather than the test battery they come from: reading and spelling,
phonological awareness, general intelligence, vocabulary, rapid naming, memory, morphology and
syntax, math, and speed of processing. The variable names used in the analysis are mentioned in
parentheses.
Reading and spelling.
Word reading. A classic word reading test in Dutch-speaking countries is the EMT (Brus & Voeten,
1991). The list consists of 116 words of increasing difficulty printed in four columns. The
participant has to read aloud as many words as possible in one minute trying to minimize reading
errors. Raw scores are obtained for the total number of words read correctly (Word reading
correct) and the percentage of errors made (Word reading percentage error).
English word reading. Given the importance of English in higher education, an evaluation of English
reading and writing skills was included. The English version of the EMT, namely the One-Minute
Test (Kleijnen & Loerts, 2006) was used as a measure for English word reading skill (English word
reading correct, English word reading percentage error)
Text reading. In this test from the GL&SCHR, participants are asked to read aloud a Dutch text which
becomes increasingly difficult. Substantial errors (e.g. addition/substitution/omission of letters,
syllables, and/or words) and time-consuming errors (e.g. repeating a word/sentence, spelling a
word aloud) are registered as well as the total reading time (Text reading time-consuming errors,
Text reading substantive errors, Text reading time).
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Silent reading. The test that was used -“Hoe gevaarlijk is een Tekenbeet? [How Dangerous Can a
Tick Be?] ”- is part of a screening instrument published by Henneman, Kleijnen, and Smits (2004). It
provides an indication of silent reading speed and the ability to retain information. Participants are
instructed to silently read a text of 1023 words, taking into account that they will have to write a
short summary afterward without looking at the text. The time (in seconds) needed to read the text
is noted (Silent reading).
Pseudoword reading. The standard Dutch pseudoword reading test is De Klepel (van den Bos et al.,
1999). The test contains 116 pseudowords that follow the Dutch grapheme-phoneme
correspondence rules. Administration and scoring are identical to the EMT (Pseudoword reading
correct, Pseudoword reading percentage error).
Automation. This part of the GL&SCHR is administered in combination with the pseudoword
reading test, the Klepel (see above). The participant is asked to repeat the first column of the test
eight times, as fast as possible with as few errors as possible. Based on the number of seconds
needed in the first, the second, the seventh, and the eighth repetition, an automation score is
calculated. From the average of the first two repetitions, the expected values for repetition number
7 and 8 can be calculated through use of the data collected from the norm group. The difference in
percentage between the expected and real values is the raw score for automation (Automation).
High scores reflect bad automation skills.
Flash tasks. In the four subtests of the IDAA, items are presented briefly (200ms) in the center of a
computer screen. Items are immediately followed by a mask consisting of a series of randomized
symbols (e.g., #%@£$). The participants are required to react as quickly as possible. The total
number of correct answers is registered.
- Lexical decision. Participants have to decide whether a flashed item is a word or a
pseudoword. When the item is a word, “S” must be pressed, when not “L”. A total of 40 items is
15
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administered in three blocks. In each block, half of the items are words and half are nonwords. To
focus on orthographic knowledge, the pseudowords are homophones of existing words (Lexical
Decision).
- Flash typing words. In this subtest the presented items (words) have to be reproduced.
Participants have to type in the word they saw (Flash typing words).
- Flash typing pseudowords. Again, reproduction of flashed items is required. All items are
now pseudowords (Flash typing pseudowords).
- Flash typing English words. Items in this subtest are all English words that have to be
reproduced (Flash typing English words).
Text comprehension. As part of the GL&SCHR, a text is presented in printed form and at the same
time read out by the computer. Afterward, the participant has to answer questions about the text.
These questions rely on either literal comprehension or deductive knowledge. The number of
correctly answered questions is noted (Text comprehension).
Word spelling. In the Word spelling test, participants write down 30 words that are dictated at a
constant pace of one word per 3 seconds (prerecorded audio file). Afterward, they are given the
opportunity to correct their answers and listen again to the words they were unable to finish. Half
of the words follow the Dutch spelling rules; the other half are exception words (involving
inconsistent sound-letter mappings that must be memorized). Participants are also asked to rate
how certain they feel about each answer (certain, almost certain, uncertain). When a correct
answer is given and the participant is certain, the weighted item score is 5. When the word is
spelled correctly but the participant is uncertain, the score is only 2 (Word spelling).
English word spelling. A standardized English test to measure English word spelling was used: the
WRAT-III English Word Dictation (Wilkinson, 1993). The examiner says a word, uses it in a sentence
16
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context, and repeats the word. The participant writes it down. The test consists of 42 words. The
total number of words that are correct is noted (English word spelling).
Sentence dictation. Because higher education involves academic language, the administration of an
advanced spelling test (General Test for Advanced Spelling in Dutch, AT-GSN) seemed appropriate.
The test consists of 12 paragraphs with exception words and challenging spelling rules (e.g., for the
verbs). The correct use of capitals and punctuation marks is also taken into account. The score is
the total number of errors made (Sentence spelling).
Proofreading. For this subtest of the GL&SCHR, participants are given 20 sentences in which they
have to correct possible spelling mistakes. The total number of correct responses is noted
(Proofreading).
Writing speed. A measure of writing speed is included in the Word spelling test by counting the
number of words the participant was able to complete at the end of the audio file (Writing speed).
Phonological awareness.
Phonological awareness was tested with Spoonerisms and Reversals from the GL&SCHR and
Reversals from the IDAA. In the Spoonerisms test, the first letters of two orally presented words
must be switched (e.g., Harry Potter becomes Parry Hotter). Accuracy and speed (measured in
seconds with a stop-watch) are measured for 20 items (Spoonerisms accuracy, Spoonerisms time).
In the Reversals test, participants have to judge if two spoken words are reversals or not (e.g. raccar). Again, accuracy and speed (measured with a stop-watch) are measured for 20 items
(Reversals accuracy, Reversals time). The Reversals test of the IDAA was originally designed by Buis
(1996) and digitalized by Bekebrede, Van der Leij, Plakas, and Schijf (2006). The items are
presented auditory by means of headphones. Each item comprises a pseudoword pair, e.g., kel-len
or mel-lem. The number of correct answers is registered (Reversals).
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General Intelligence.
General information. Personalities from the KAIT (Kaufman & Kaufman, 1993) measures general
knowledge acquired primarily through media. In this test, pictures of 18 famous people are shown
and participants have to name the persons (e.g., Ghandi). The total score is the number of correctly
identified individuals (Personalities).
Problem solving/reasoning. Three subtests for fluid intelligence of the KAIT (Dekker et al., 2004)
were used to evaluate this cognitive skill: Symbol learning, Logical reasoning, and Secret codes. In
the Symbol learning test, the participant has to remember and reproduce series of symbols in
different sentence-like combinations (with increasing difficulties). The total score is the number of
correctly identified items in 20 combinations (Symbol learning). Symbol learning is said to reflect
new learning and relies the least of all subtests on previously acquired knowledge. As for Logical
reasoning, information is given about the relative location (e.g., in a line, on stairs) of a number of
items (people or animals). By logical reasoning the participant has to infer the location of a target
item. A total score is given on 17 (Logical reasoning). The main goal is to measure deductive and
syllogistic reasoning. In the Secret codes test, three or four items are given a unique code consisting
of different parts. Based on these codes the participant has to infer which codes new target items
should get. Eighteen codes have to be broken (Secret Codes). This subtest is developed to measure
problem solving abilities.
Auditory comprehension. This test of the KAIT comprises the presentation of six short audio
fragments about which the experimenter asks 19 content questions the participant has to answer.
The raw score is the total number of correct answers (Auditory comprehension). Performance on
this subtest reflects the ability to understand/reproduce auditory information, to interpret it
correctly, and to integrate it with acquired knowledge.
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Vocabulary.
The subtest Vocabulary from the GL&SCHR and Definitions and Double Meanings from the KAIT
were used to evaluate this language function. In Vocabulary participants are asked to give
definitions of low frequency words (e.g., the Dutch equivalents of anonymous and simultaneous).
The total number of correct answers is the raw score (Vocabulary). The participant has to find a
word based on a number of letters and a short description of the word in the subtest Definitions
(e.g., “A dark color: .r..n”). There are 25 items in total. The total number of correct answers is noted
(Definitions). Not only vocabulary is measured but also verbal conceptualization. In the Double
meanings test, the participant has to find a word that is in some way connected to two word pairs
(e.g., the connection between biology-body and jail-lock is the target word cell). The total number of
correct answers out of 28 is noted (Double meanings).
Rapid naming.
In the naming task of the GL&SCHR, discrete versions of the classic naming tasks are used, in which
participants are asked to rapidly name letters, digits, colors, or objects presented one by one on a
computer screen (four tests). The participant determines the pace by pressing the Enter button.
Speed is measured with a stopwatch (Letter naming, Digit naming, Object naming, and Color
naming) for the naming a four series of 35 items. Four separate subscores for the time (in seconds)
needed to name all items within a series are obtained.
Memory.
Verbal memory. The GL&SCHR contains a short-term memory test for syllables, the Phonological
STM task, and one for words, namely the Verbal STM test. The participant is placed in front of a
computer screen. After pressing the enter button, the participant sees a series of items presented
one at a time for 2 seconds with an interval of 0.3 seconds between items. At the end of each series,
the participant has to reproduce the items remembered. The number of items within a series
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increases steadily. In the phonological STM task, items are syllables; in the verbal STM task items
are everyday objects. The Delayed auditory comprehension test of the KAIT is a delayed memory
task in which eight questions have to be answered about a text (Auditory comprehension) that was
read out at the beginning of the administration of the KAIT (Phonological STM, Verbal STM, and
Delayed auditory comprehension).
Working memory. In this GL&SCHR subtest, randomly mixed series of digits and letters are
presented auditory and visually. Participants have to reproduce first all letters in ascending order
followed by all digits in ascending order. The number of items within a series increases steadily.
Administration is identical to the above STM tasks (Working memory).
Visuospatial memory. Visuospatial memory was tested with two subtests of the KAIT, namely Block
patterns, Delayed symbol learning, and Visual STM from the GL&SCHR. In the Block patterns test, 16
yellow-black patterns have to be reproduced with six cubes from memory. The number of correctly
reproduced patterns is the raw score (Block patterns). Not only visual memory is tested but also
visual and spatial construction. The Delayed symbol learning test is a delayed retention task of the
symbols used in the Symbol learning test containing 13 combinations (Delayed symbol learning). In
the Visual STM task, the participant is placed in front of a computer screen. After pressing the enter
button, the participant sees a series of non-verbal shapes, presented one item at a time for 2
seconds with an interval of 0.3 seconds between items. At the end of each series the participant has
to draw the items remembered (Visual STM).
Morphology and syntax.
In this subtest (GL&SCHR), 20 sentences are presented, in which the participant has to identify the
syntactical or grammatical errors. This weighted score (Morphology and syntax) also takes into
account the certainty of the participant about the answer given (see Word spelling). This test is said
to reflect morphological and syntactical knowledge and the ability to use this knowledge.
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Math.
The Tempo Test Rekenen (TTR; de Vos, 1992), a Dutch standardized test for mental calculations was
administered. It is designed to examine the rate at which participants mentally perform simple
mathematical operations (single and double digits). There are five lists, consisting of additions,
subtractions, multiplications, divisions below 100, and a random sequence of all four operations.
Participants are given one minute per list to solve as many items as possible. The score per subtest
is the number of processed items minus the number of errors made (Mental calculation addition,
subtraction, multiplication, division, and mix).
Speed of processing.
To measure the participants’ speed of processing, we used the Cijfer Doorstreep Test (CDT; Digit
Crossing Test) (Dekker, Dekker, & Mulder, 2007). This is a standardized Dutch test to detect
attention deficits and measure the speed and accuracy of processing in a task of selective attention
involving task-switching. Students have three minutes to underline as many fours and to cross out
as many threes and sevens as possible. Scores for the total number of correct items (Speed of
processing correct) and the percentage of missed/errors (Speed of processing percentage
error/missed) are obtained.

Procedure
The complete test protocol was administered in two sessions of about 3 hours each. The protocol
was divided in two counterbalanced parts. The order of tests in part one and part two was fixed and
chosen to avoid succession of similar tests. There was a break halfway each 3-h session. Students
started with part one or two according to an AB design. All tests were administered individually by
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three test administrators3 according to the manual guidelines. Testing occurred in a quiet room
with the test administrator seated in front of the student.

Statistical method
Effect sizes.
The aim of the analysis is to interpret the results as a function of the effect sizes obtained after
comparison of the dyslexic with the control group (that is for the individual variables and the factor
scores). Effect sizes of variables and factors were calculated by means of a standardized linear
regression with group as the only predictor. A standardized regression is a regression on the
standardized (z-transformed) raw scores. In the present setting (we measure the difference on a
between-subjects factor with two levels), this gives exactly the same value and has exactly the same
interpretation as Cohen’s d (Cohen, 1988). The advantage of a standardized regression score,
however, is that it is more generally applicable.
The effect sizes computed on the input variables can be seen in Figure 1 and the Supplementary
materials 2 of the present manuscript. Note that the effect sizes reported here may deviate slightly
from those reported in an earlier analysis of the data set (Callens et al., 2012). These deviations
arise from the data imputation method described below and because of the choice of the effect size
measure. In Callens et al. (2012) for some variables, the effect size was estimated based on Cohen’s
d using the pooled variance, whereas for others a nonparametric approach was used.
Factor analysis.
Factor analysis is a common term for the statistical techniques in which the observed correlations
between variables is explained in terms of underlying entities that cause these correlations. The
most suitable statistical technique to address our research questions is EFA. An EFA tries to explain
The test administrators were the two first authors and a test psychologist. To standardize the
administration each administrator read the manuals of the tests, had a practice session, and was observed by
the others during the first ten sessions.
3
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the common variance in a group of variables by relating the observed scores to a reduced number
of underlying latent factors.

The main outcome of an EFA is a factor loading matrix. This matrix shows how each variable can be
expressed as a linear combination of the common factors, plus a unique factor that contains error
variability and variability that is specific to the variable. Both the loadings and the uniqueness are
reported in the Supplementary materials 3. In an EFA, factors are extracted according to the
amount of variance explained. In the “Result” section and “Discussion” sections below, we reordered and named them according to the factor effect size because this is a better estimate of the
difference between the groups. In the Supplementary materials 3, the SS loadings demonstrate the
amount of explained variance and thus the order of extraction. Factor loadings typically vary
between -1 and 1. It is up to the researcher to determine how large a loading has to be before it is
interpreted. According to Tabachnick & Fidell (2001) a good rule of thumb for the minimum loading
of an item is 0.32, meaning that there is about 10% overlapping variance with the other variables.
Uniqueness relates to the variables and gives the proportion of variance not explained by the
underlying factor structure. It varies between 0 and 1 where lower is better; a high uniqueness
value indicates that the variable is not really related to the other variables tested. Costello &
Osborne (2005) gave some simple recommendations for the interpretation of factors. When item
communalities exceed 0.8 they are considered high, but in social sciences these commonly vary
between 0.4 and 0.7. Also, a factor is considered weak and unstable when it has fewer than three
tests loading on it; strong and solid when five or more tests strongly load on it (0.50 or higher).

Before interpreting the loadings, one typically chooses to rotate the factor solution to a simple
structure. Ideally, after rotation each variable has a high loading on one factor and a loading close to
zero on the other factors. Rotations can be orthogonal or oblique. Here the underlying factors were
not assumed to be independent of each other so an orthogonal rotation was not appropriate. The
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specific rotation method used was the promax rotation. For each of the participants, the scores on
the latent factors were computed using the weighted least squares method proposed by Bartlett
(1938). In this method, the scores that are produced have a mean of 0 and the sum of squares of the
unique factors over the range of variables is minimized. This allows one to compare the scores of
the dyslexic and control group on the latent factors. The effect sizes in table 2 are computed on the
estimated factor scores of the participants.

Finally, a correlation matrix of the latent variables is reported as well in Table 3. However, one
should keep in mind the following when interpreting these correlations in the context of the
present study. For factors with large effect sizes, the correlations reflect what is known in the
dyslexia literature because these factors are mostly due to the variance between the groups. For
small effect sizes, the interpretations have less bearing on dyslexia because these factors mainly
reflect variance within the groups. When correlations are found between factors with small and
large effect sizes, no interpretation can be made as it is unclear where the common variance comes
from. Therefore, interpretation of the factor correlation matrix must remain exploratory. A second
point about the factor correlation matrix is that the direction of the correlations must not be
interpreted, only their size: One can invert the direction of any number of factors without changing
the quality of the model. If one wants to interpret the direction of the correlation between factors,
one should look at the correlations between the participants’ estimated factor scores.

Data preprocessing.
Because of the large number of variables in the analysis, missing values and outliers were imputed
instead of removed. Missing values were replaced by the median. Outliers were replaced by the
first/third quartile minus/plus 1.5 times the interquartile range (i.e., outliers were replaced by the
most extreme value that would have been plausible according to the box plot rule). Without
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imputation, complete-case analysis would have reduced the data set by 12 participants because of
45 (0.22%) missing values and by 78 participants because of 190 (1.45%) outliers.

Results
Effect sizes of the variables
The paper does not include all means, SDs , effect sizes, t values and p values of the 53 variables, as
they overlap with those reported in a previous paper (Callens et al., 2012). However, because the
effect sizes used in this paper can deviate slightly from those reported before, as stated above, their
exact values can be found in Supplementary materials 2. In Figure 1, all the variables are ranked
according to their observed absolute effect size between groups (from largest ES [variable nr. 53] to
smallest [variable nr. 1]). The effect sizes can be interpreted according to the Cohen’s (1988)
convention. A color scale is used, going from green for the smallest effect sizes, over yellow to red
for the largest effect sizes. The figure also includes information on the p values (n.s.= nonsignificant, p < .05 and p < .01) and the effect sizes (small ES for the range 0.2 - 0.5, medium for 0.5 0.8, and large for ES above 0.8).
As expected, large effect sizes were found for nearly all measures related to reading and spelling.
The only exceptions were some error-related reading variables, Writing speed, Automation, and
Text comprehension. Large effect sizes were also found for phonological processing tasks (except
for Phonological STM and Spoonerisms accuracy) and for mental calculations (except for
subtractions). Finally, the letter and digit naming tasks revealed large effect sizes between the two
reading proficiency groups as well. A smaller number of tasks revealed medium effect sizes such as
error-related measures of the reading tasks (Pseudoword reading percentage error, Text reading
time consuming errors, English word reading percentage error) and several tasks of lexical
retrieval (Color naming, Definitions, Vocabulary). Medium effect sizes were also found for Speed of
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processing correct, Phonological STM, Mental calculation subtraction, and Spoonerism accuracy. All
other variables had small effect sizes. These mostly included the measures of general intelligence
(all measures of Fluid IQ and most of Crystallized IQ) and memory (except for Phonological STM).
Other small and nonexistent effect sizes were found for some specific reading and writing-related
tasks such as Automation, Text comprehension, and Writing speed. Finally, the variables Speed of
processing percentage errors and Object naming did not produce practically relevant differences
between the groups either.
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Fig 1 Effect sizes when comparing the dyslexic and the control group expressed as Cohen’s d. The tests are ordered
according to the absolute effect size. The effect size is reflected in both the horizontal position and in the color of the dots.
Color varies from green for no effect over yellow for a medium effect size to red for a large effect size.

Factor analysis on the variables

In an EFA, the number of latent factors is chosen by the researcher. This choice can be guided by
existing theory, interpretability, or by some statistical criteria. Here, in a first stage, a 13-factor
solution based on the Kaiser-Guttman rule (thirteen factors had an eigenvalue larger than 1) was
chosen. Before interpreting this EFA, we did some further data cleaning. Following the
recommendations of Costello & Osborne (2005) the variables that did not load on any specific
factor were eliminated, and a stage 2 EFA was performed. This resulted in a 10-factor model. The
following variables did not load significantly on any of the identified latent variables: Writing speed,
Visual STM, Speed of processing percentage errors/missed. Automation loaded on only one factor,
which is considered weak and unstable because of the small number (2) of items loading on it. As
for Phonological STM, this item formed a factor on its own, which is considered unstable.

The stage 2 EFA without the five excluded variables revealed a 10-factor model as the model with
the best fit, as can be seen in Figure 2. The same coloring scheme is applied to the factor analysis
plot (Figure 2) as in Figure 1. All variables and factors are colored according to their effect size
between groups. Table 2 shows the variables (plus the variable numbers and tentative names) that
had a factor loading above 0.32 (Tabachnick & Fidell, 2001). Factors are listed according to their
effect size going from large to small. More detailed information on all factor loadings, their
uniqueness and the explained variance can be found in the Supplementary materials 3. Together
the 10 factors explain 52.8% of variance in the variables. Compared to the stage 1 EFA, little has
changed for the large and solid factors. The intercorrelations between the 10 factors are listed in
Table 3. As stated earlier, the direction of the factor correlations is not interpretable. Inspection of
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the correlations between the estimated factor scores revealed that the scores on all factors were
positively related, as can be expected.

Fig 2 Visualization of the stage 2 EFA solution. The nodes in the outer circle represent the variables; the nodes in the
inner circle the factors. Both the variables and factors are color coded according to the effect size. Color varies from green
gree
for no effect over yellow for a medium effect to red for a large ef
effect.
fect. The connections between the factors and the
variables represent the factor loadings. Only loadings with values above 0.32 or below -0.32
.32 are shown. Transparency and
thickness are a function of the absolute loading. Positive loadings are plotted in blac
black,
k, negative loadings in red. The outer
arrows arriving at the variables represent the uniqueness of each variable
variable.
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Table 2
Stage 2 EFA Factors, their Effect Sizes and their Variables with Factor Loadings above .32 or below 0.32.
Factor °
Factor 1**

Effect size

Variable °

1.200

32

Text reading substantive errors (GL&SCHR)

0.834

28

Word reading percentage error (EMT)

0.738

24

Text reading time consuming errors (GL&SCHR)

0.622

27

Pseudoword reading percentage error (KLEPEL)

0.616

43

Text reading time (GL&SCHR)

0.586

47

Pseudoword reading correct (KLEPEL)

-0.569

38

Silent Reading (Tick bite)

0.457

40

Reversals time (GL&SCHR)

0.456

49

Flash typing pseudowords (IDAA)

-0.435

51

Flash typing English words (IDAA)

-0.434

42

Spoonerisms time (GL&SCHR)

0.382

44

English word reading correct (OMT)

-0.376

52

Word reading correct (EMT)

-0.372

46

Flash typing words (IDAA)

-0.349

30

Morphology and syntax (GL&SCHR)

0.659

53

Word spelling (GL&SCHR)

0.544

37

Proofreading (GL&SCHR)

0.534

50

Sentence spelling (AT-GSN)

-0.522

46

Flash typing words (IDAA)

0.614

51

Flash typing English words (IDAA)

0.531

48

Lexical decision (IDAA)

0.510

49

Flash typing pseudowords (IDAA)

0.376

33

Reversals accuracy (GL&SCHR)

0.771

41

Reversals (IDAA)

0.650

23

Spoonerisms accuracy (GL&SCHR)

0.561

42

Spoonerisms time (GL&SCHR)

-0.428

35

Digit naming (GL&SCHR)

0.950

36

Letter naming (GL&SCHR)

0.891

26

Color naming (GL&SCHR)

0.731

7

Object naming (GL&SCHR)

0.437

29

Mental calculation multiplication (TTR)

0.909

34

Mental calculation division (TTR)

0.892

39

Mental calculation mix (TTR)

0.879

22

Mental calculation subtraction (TTR)

0.837

31

Mental calculation addition (TTR)

0.800

19

Speed of processing correct (CDT)

0.364

52

Word reading correct (EMT)

0.652

43

Text reading time (GL&SCHR)

-0.470

25

English word reading percentage error(OMT)

0.362

38

Silent reading (Tick bite)

-0.346

21

Vocabulary (GL&SCHR)

0.857

12

Personalities (KAIT)

0.815

3

Auditory comprehension (KAIT)

0.747

13

Delayed auditory comprehension (KAIT)

0.586

15

Text comprehension (GL&SCHR)

0.470

14

Double meanings (KAIT)

0.390

44

English word reading correct (OMT)

0.460

25

English word reading percentage error (OMT)

-0.454

[Reading]

Factor 2**

1.092

Large ES

[Spelling]

Factor 3**

1.019

[Flashed presentation]

Factor 4**

1.018

[Phonology]

Factor 5**

0.941

[Rapid naming]

Factor 6**

0.930

[Math]

Factor 7**

0.917

[Reading Fluency]

Factor 8**

0.716

Medium ES

[CIQ]

Small ES

Factor 9

[FIQ]

Loading

18

Definitions (KAIT)

0.324

0.120

1

Delayed symbol learning (KAIT)

0.950

2

Symbol learning (KAIT)

0.765

0.070

6

Block patterns (KAIT)

0.610

5

Logical reasoning (KAIT)

0.594

4

Secret Codes

0.516

16

Working memory (GL&SCHR)

0.321

[Symbol learning]
Factor 10

Variable

Note. ** p< .01.
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Table 3
Correlation Matrix of the 10 Factors of the stage 2 EFA

1. Reading
2. Spelling
3. Flashed presentation

1

2

3

4

5

6

7

8

9

10

-

0.549

0.104

0.399

-0.401

-0.101

0.359

-0.499

-0.343

0.541

-

-0.197

-0.497

0.321

0.276

-0.358

0.378

0.334

-0.470

-

0.309

-0.032

-0.317

-0.052

-0.211

-0.054

0.184

-

-0.274

-0.375

0.265

-0.359

-0.338

0.464

-

0.003

-0.232

0.498

0.492

-0.276

-

-0.183

0.173

-0.034

-0.372

-

-0.389

-0.370

0.426

-

0.447

-0.470

-

-0.289

4. Phonology
5. Rapid naming
6. Math
7. Reading Fluency
8. CIQ
9. Symbol learning
10. FIQ

-

Note. Correlations higher then/ equal to .3 are printed in bold.

The factors will now be discussed in order of their factor effect size; tentative names will be
assigned on the basis of the highest loading items:
Factor 1

[Reading] is the factor with the highest effect size (ES= 1.20) and contains the
largest number of variables (N= 14), most of them reading-related (with large
individual effect sizes). Generally, the timed reading-related variables have the
highest loadings on this factor, followed by the flashed reading/typing tasks. Apart
from the specific reading-related variables, two variables (Reversals time and
Spoonerisms time) that are an expression of phonological processing also load on
this factor, although marginally.

Factor 2

[Spelling] is the factor with the second highest effect size (ES=1.09). The four
variables loading on this factor are Morphology and Syntax, Sentence spelling, Word
spelling, and Proofreading. Loadings vary from 0.659 for Morphology and
syntax to 0.522 for Sentence spelling.

Factor 3

[Flashed presentation] is the next best discriminating factor (ES=1.03). Although
they also load on factor 1, all subtests of the IDAA using brief stimulus presentation
(Flash typing task pseudowords to a lesser extent than the others) load on factor 3.
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Factor 4

[Phonology] draws on variables relating to phonological processing, namely
Reversals accuracy, Reversals and Spoonerisms accuracy and Spoonerisms time
(ES= 1.02).

Factor 5

[Rapid Naming] results in an ES of 0.94. Mainly Digit naming, Letter naming, and
Color naming load on this factor and to a lesser extent Object naming.

Factor 6

[Math] consist of the five mental calculations tasks (ES=0.93). Multiplication has the
highest loading of 0.909. The lowest loading is for addition: 0.800. The test Speed of
processing correct also loads above the cutoff border (r=.364).

Factor 7

[Reading fluency] is a weaker and more unstable factor (ES=0.92) which receives
loadings above 0.4 from Text reading time and Word reading correct and loadings
between 0.3 and 0.4 from English word reading percentage error and Silent reading.
With only two variables loading above 0.4 this is not considered a very stable factor.

Factor 8

[Crystallized IQ] has a medium effect size (ES=0.72). The nine variables loading on
this factor are verbal in nature. All four variables that measure crystallized IQ in the
KAIT load on this factor. Delayed auditory comprehension from the KAIT also loads
on this factor. Definitions, however, has only a marginal loading on this latent
variable. The four other variables in this group are Vocabulary, Text comprehension,
English word reading correct and English word reading percentage error.

Factor 9

[Symbol learning] has no discriminative power between groups (ES=0.12). Only two
variables load strongly on this factor, namely Symbol learning and Delayed symbol
learning. Although only two items load on the factor, we consider it as a solid factor
due to the very high loadings.
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Factor 10

[Fluid IQ] principally draws on variables measuring fluid intelligence and working
memory and is clearly non-verbal in nature. These variables are Block patterns,
Logical reasoning and Secret codes from the KAIT, and Working memory from the
GL&SCHR. This factor has no discriminative power between groups, as the effect
size is below 0.2 (ES=0.07).

The only two items that do not load significantly on any of the factors are the English word spelling
and Verbal STM test. The WRAT spelling test has several smaller loadings under the cutoff score
(e.g. on factor 1 and 8) and a small proportion of unexplained variance. The Verbal STM task does
not load on any factor and is mainly left unexplained by the EFA.

Discussion
In a study on dyslexia in higher education, we compared a sample of 100 first-year bachelor
students with dyslexia and a matched control group on a large number of tasks typically
administered for the assessment of dyslexia (Callens et al., 2012). In a subsequent analysis (Tops et
al., 2012) we observed that the prediction accuracy became saturated after three variables only:
word spelling (variable 53 from Table 1), word reading (variable 52), and phoneme reversal time
(variable 40). In the present study, we look at the data from a different angle and try to understand
how the various test scores are interrelated and connected to the core predictors of Tops et al.
(2012). The number of factors needed to explain the systematic variance in the dataset and the
identification of these factors can give us a picture of the latent variables that differ between
students with and without dyslexia in higher education. This would also enable us to see if the
deficit of these students with dyslexia restricts itself to one key factor or whether other factors are
affected by their impairment.
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To unearth the structure behind the 53 variables in our test battery, an exploratory factor analysis
was run. In a first stage, the EFA resulted in a model with 13 factors as the best fit. At the same time,
it became clear that some variables were unrelated to the remaining scores. When these were
excluded, as recommended in the literature (Costello & Osborne, 2005), a 10-factor model fitted the
data best. When comparing results from the two stages, we observed that most factors were
consolidated and that weak and unstable factors disappeared. As such, the final results are more
solid and reliable for interpretation. An important notion in relation to the interpretation of our
results is that the goal of the study involved a diagnostic protocol for dyslexia. For this reason, the
resulting factor matrix is heavily influenced by the performance of students with dyslexia, and the
results cannot be used straightforwardly as a framework for normal reading.
The five variables excluded from the second stage EFA require some attention too. Automation,
Phonological STM, SOP percentage missed/errors, Visual STM, and Writing speed were not related
to the solid factors and were therefore omitted in the second stage of the analysis. However, it is
still possible that these skills are interesting for the distinction between the groups, but that not
enough similar variables were included in our study to form a separate construct, or that the tests
used to measure the skills were not sensitive or specific enough to be assigned to one specific
factor.
Writing speed is a skill that is not often included in studies on dyslexia in higher education but it
does lead to significant differences between the groups. In Hatcher et al. (2002) writing speed (d=1.17) was even among the four variables selected to obtain a 95% diagnostic accuracy. However, in
their study, writing speed was measured by letting participants copy a 13-word sentence as many
times as possible in 2 minutes time. In our study, it was measured as part of a word dictation task
and resulted in an effect size of only 0.49. For diagnostic purposes, the method of Hatcher et al.
(2002) may be more effective, and it would be interesting to investigate to what extent it depends
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on the motor aspect of writing. Adequate writing speed is an essential skill in higher education (e.g.,
note taking, exams) and has not yet been evaluated thoroughly in the literature. More extensive
research on the topic could shed light on the most appropriate way of assessing writing speed and
its relation to functioning in higher education.
The evaluation of the ability to automate as presented in this study is a fairly new concept based on
the idea that automaticity is the key feature of skilled reading (van der Leij & van Daal, 1999). The
construct did not discriminate well between groups. The ES was only 0.33 and although there is
little variance left unexplained in the EFA (uniqueness = 0.236) it did not load significantly on any
factor. We would expect it to correlate with reading and writing skills if effective in assessing pure
automaticity.
As for the administered Phonological STM test, the items and administration are unlike the usual
nonwords repetition tasks that are standard for the assessment of this skill (Dietrich & Brady,
2001; Laasonen et al., 2012; Ramus et al., 2003). With its medium effect size it does discriminate
between groups but not as strongly as expected. In the paper by Ramus et al. (2003) an effect size of
1.1 was found (the other studies did not provide ES or enough data to calculate them). Also, this
subtest did not group together with other phonological skills such as spoonerisms or reversals that
formed a separate phonological factor. It could be that the specific way of assessment using
syllables was not sensitive enough for this specific subgroup of dyslexics.
The speed of processing (percentage errors/missed) variable also had little variance unexplained
by the EFA (27.3%) and did not connect to any specific factor and only gave a small effect size. It
looks like this subtest did not measure a specific skill but was a more dispersed variable loading on
several factors.
The last variable excluded from the second stage EFA was Visual STM. With its small effect size, this
subtest was not crucial in the distinction between groups, and only little variance was unexplained
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by the EFA (23.7%). So, it does not seem to measure a distinct skill that is potentially significant in
the diagnostic protocol and left unevaluated by the existing EFA. In the meta-analysis by Swanson
and Hsieh (2009) an effect for visuospatial memory of 0.39 was found in favor of the reading
disabled.
Of the two variables left unaccounted for in stage 2, the following can be said. The English word
spelling test appears to be influenced by too many latent factors to be exclusively attached to one
factor. It does have discriminative power (ES= 1.94) but for reasons stated below we would not be
inclined to insert it in a diagnostic protocol. As for the Verbal STM test, a medium effect size was
found in Swanson and Hsieh (2009). However, when reviewing the literature, a lot can be said
about the terminology and the assessment of this skill. For one, terms such as verbal short-term
memory, verbal memory, and verbal working memory are often mixed up and different stimuli
(syllables, words, or nonwords) are used to measure the construct. So, a comparison of the
performance on this construct in different studies is not straightforward. In the present study,
Verbal STM reflected the ability to memorize series of words relating to everyday objects and as
such did not appear to discriminate well between the groups. Therefore, it can be omitted from
further assessment. Further studies will have to examine whether other measures are better and
whether they form a separate factor or make part of one of the factors revealed here.
Overall, our exploratory factor analysis shows that the deficits of dyslexia in higher education are
not restricted to a single component. As many as seven factors resulted in large effect sizes:
Reading, spelling, flashed presentation, phonology, rapid naming, math, and reading fluency.
Generally speaking, a student entering higher education with dyslexia typically encounters
problems with reading and spelling, has low phonological and orthographical skills, and difficulties
with mental calculations and rapid naming. Retrieval of verbal information from long-term
memory, as reflected in crystallized IQ, is also likely to be impaired. This could for example be the
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result of reduced print exposure and/or an additional weakness in dyslexia. On the other hand,
fluid IQ and reasoning are not affected by the learning disability.
Reassuringly, reading skills (factor 1) form the core difference between students with and without
dyslexia in higher education. This latent variable combines subtests measuring word reading,
pseudoword reading, text reading, flashed reading, and phonology. A point of commonality among
the tests is that they combine speed and accuracy. A maximum number of text, words, or items
must be processed in a minimum amount of time. This indicates that the traditional paper and pen
tests remain a very reliable method for diagnostic purposes. The finding that also items measuring
phonological skills load on this reading factor reflects the close relationship between reading and
phonology. After all, many studies have shown that phonological awareness is an important
predictor of individual reading skills (for a review see, Melby-Lervag, Lyster, & Hulme, 2012). The
observation that the effect size was higher for word reading than for pseudoword reading is in line
with the concerns recently raised about the lexicality effect (Van den Broeck & Geudens, 2012). One
interpretation might be that normal readers profit more from their reading experiences for existing
words than readers with dyslexia do. As a result, the difference between both groups becomes
particularly pronounced for well-known words. Factor 1 correlates highly with spelling, FIQ and
CIQ, followed by rapid naming, phonology, and symbol learning. However, as stated before, caution
must be taken when interpreting these correlations. Factor 1 is a very large factor. So, overlap with
other factors is likely. This latent variable is represented in the predictive model of Tops et al.
(2012) by the word reading test and the reversal time test (variable 52 and 40 in Table 2), which
also loads on factor 7 (Reading fluency).
The second most differentiating factor is spelling. It forms a separate construct although closely
related to reading. This factor is largely rule-based because the Proofreading and the Word and
Sentence spelling tests require extensive knowledge of spelling rules and the ability to apply these
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at the word and sentence level. The Morphology and syntax test also requires the recognition of
errors in sentences although on a wider range of aspects such as grammar, punctuation, and syntax.
The fact that Morphology and syntax load high on this factor could be explained by the finding that
morphological awareness correlates highly with spelling (Casalis, Deacon, & Pacton, 2011) and the
fact that the design of this test closely resembles the proofreading. However, the uniqueness of this
variable is quite high, meaning that a large part of performance on this test remains unexplained.
Practical implications are that in an assessment with limited resources and time, a combination of a
proofreading task and a word spelling test provides a good reflection of spelling skills. When
directions for future remediation programs are required and time is not of the essence, a sentence
level dictation could possibly provide more detailed information on error patterns. Up until now,
proofreading is an underinvestigated skill in the context of dyslexia. This is unfortunate because in
Finnish (a very transparent language) it seems to be the most prominent difference between
readers with dyslexia and controls (Lindgren and Laine, 2011). Furnham (2010) also highlighted
the importance of this skill in settings such as higher education and employment where people are
often required to proofread their own materials and those of others. In his study, Furnham
administered an English proofreading task on a 1,000-words long text; 41 errors on grammar,
spelling, spacing, punctuation, and word substitutions had to be identified. Proofreading was
consistently found to be correlated with verbal reasoning and even more strongly with measures of
crystallized intelligence, namely general knowledge and vocabulary. Hatcher et al. (2002) also used
a text proofreading task in which errors in spelling, punctuation, and grammar had to be detected.
The spelling factor is represented in the predictive model of Tops et al. 2012) by the word dictation
task (variable 53). Correlations are highest with reading, phonology and FIQ. The relationship with
reading is very straightforward as they both involve the translation from phonology to
orthography, albeit in reverse directions. This arguably also accounts for the correlation with
phonology. FIQ has a small ES; so, this correlation is not easy to interpret.
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All the subtests of the IDAA that used flashed item presentation load on the same factor (factor 3).
This factor has a large effect size and only seems to correlate with factor 6 (math) and factor 4
(phonology). The large amount of unaddressed variance and the low correlations with the other
factors raise some questions to what is actually measured. Although the test is apparently very
effective in discriminating groups and obviously relates to the core deficit in dyslexia, it remains
unclear which skills are actually tapped. So, at present it is not clear what factor 3 stands for. It
could be that the specific nature of the test and its administration make it distinct from other tests
for reading and writing.
The phonological awareness tasks load on a dedicated factor (4) with the fourth highest effect size.
Within this factor, accuracy measures clearly load more than latency variables. Reversals time even
did not load at all. These results are in line with the findings of Vaessen, Gerretsen, & Blomert
(2009) who found two distinct factors for phonology time and accuracy measures. Factor 4 seems
to be a pure measure of phonological awareness accuracy and high correlations could be expected
with the literacy and spelling factors. However, relative to the other observed correlations they are
not that high. It could be that factor 1 is too diffuse or an assembly of several variables with
different relations to phonology to result in high correlations. This factor shows that with the
simple use of a reversal task, general phonological awareness can be evaluated. Phonological
processing continues to be a crucial factor in the diagnosis of dyslexia considering the large effect
size and the presence of this latent variable.
The third component within the classic phonological processing triad -besides phonological
awareness and verbal memory- is rapid naming. Although a discrete version of the task was used,
high effect sizes were found between the groups. In the EFA plot (Figure 3), a clear latent variable
(factor 5) is formed by the four rapid naming tasks, which is different from the phonology factor
and with a similar effect size. The double deficit theory on dyslexia postulates that impairments in
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naming speed and phonological awareness represent two independent contributions to the
disability (Torppa, Georgiou, Salmi, Eklund, & Lyytinen, 2012; Vukovic & Siegel, 2006). Our findings
seem to support this view. In several studies within the rapid naming task paradigm, a distinction
could be made between alphanumerical (e.g., digits and letters) and non-alphanumerical (e.g.,
objects and colors) naming tasks. Each contributed differently to reading (Savage & Frederickson,
2005). They are thought to reflect differences in cognitive sub-processes needed for execution. Van
den Bos, Zijlstra, & Van den Broeck (2003) reported that color and object naming formed a single
factor from the start of learning to read while letter and digit naming initially were separate
constructs, which only became a single, stable factor from the age of 10 on. In our study, the object
naming task loaded considerably less on the factor than letter and digit naming, possibly because
letters and digits can be named directly whereas picture naming requires access to the semantic
system (Humphreys, Riddoch, and Quinlan (1988); Savage and Frederickson (2005)). If one wants
to shorten the test battery, it seems that the administration of a rapid naming task can be limited to
letter naming or digit naming. Both have equal effect sizes and similar loadings on the rapid naming
factor. Object naming does not result in a significant ES, and as for Color naming, it does not seem to
have any real added value.
The next factor in line with a high effect size is factor 6, combining all the mental calculation tasks
and a task for speed of processing. Our results correspond to those of De Smedt & Boets (2010) and
the triple code model (Dehaene, 1992). The larger ESs for multiplication, addition, and division than
for subtraction can be seen as the outcome of a larger reliance on the verbal code. These findings
agree with those of Gobel & Snowling (2010) and De Smedt & Boets (2010) except for the fact that
the latter did not find a difference in performance between multiplication and subtraction, contrary
to their predictions. In our Dutch math education system, simple additions, multiplications, and
divisions rely heavily on memorization whereas subtractions are viewed as inversed additions. The
significant difference (with a medium effect size) observed in subtractions could be interpreted as
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evidence for the observation of De Smedt and Boets (2010) that adults with dyslexia also differ
from normal readers in the speed of executing procedural strategies. Indeed, performance on the
math tasks cannot be solely attributed to verbal skills, for some aspect of pure math skill is likely to
be involved given the correlation with the FIQ factor. An addition of subtests more related to the
understanding and application of mathematical concepts would provide relevant additional
information for students in higher education. In relation to the speed of processing, verbal
arithmetic differences have been related to problems in verbal working memory and speed of
processing. Bull & Johnston (1997) found that arithmetic abilities were best predicted by speed of
processing, which could explain the loading of the speed of processing variable on this factor.
Factor 7 seems to be a purer measure of timed word reading. It is a somewhat unstable factor. So,
no strong conclusions can be drawn. Also, the comparison with factor 1 is complicated by the range
of variables and outcome measures (accuracy and speed) grouped in that factor.
Interestingly, the variables from the IQ test (KAIT) fall in the last three factors, with the smallest
differences between students with and without dyslexia. All subtests relating to vocabulary and
conceptual knowledge acquired by learning, education, and cultural experience load on factor 8,
which can be defined as a measure of CIQ and which shows a medium effect size between the two
groups. The subtest Definitions loads only marginally on this latent variable probably due to the
fact that this specific subtest relies more on the integration of instructions than on pure lexical
retrieval and general knowledge. This is a confirmation of the results from a joined factor analysis
with the KAIT and the WISC-R where this subtest loaded on two factors (fluid and crystallized) with
almost equal loadings (Dekker et al., 2004). Two tasks of the GL&SCHR also load high on factor 8,
namely Vocabulary and Text comprehension. For Vocabulary, it is quite logical that it groups
together with the other tests of CIQ and as such can be viewed as an extra validation of our data set.
As for Text Comprehension, at the item level we see that some questions are pure measures of
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retention and reproduction of verbal information while others are more inferential and require an
integration of previous knowledge. The latter probably is the reason why this test loads somewhat
(although just below cutoff) on the FIQ factor. Possibly due to the combined visual and auditory
presentation of the text in this test, performance is less influenced by the reading- and spellingrelated factors. This is an interesting finding with respect to the use of text-to-speech software,
which clearly deserves further testing with a larger variety of materials. The English word reading
task also loads on factor 8 indicating that performance on this test is influenced by general verbal
skills, education and experience. A suggestion for future researchers would be to not include the
measures of English reading and writing when this language is not the mother tongue. These
measures do not load on a single latent variable and, if anything, are more related to the general
cognitive skills than to language-specific skills. As a result, they provide little additional value. The
fact that little variance is left unexplained for English reading and writing excludes the possibility
that an interesting factor was overlooked because of the limited number of variables related to the
English language in the study.
Finally, the fluid IQ subtests load on two factors and not on one as was expected based on the factor
analysis described in the KAIT manual. Symbol learning and Delayed symbol learning apparently
isolated themselves from the other measures of logical reasoning and problem solving. As said
before, Symbol learning is similar to learning to read and is least influenced by previous acquired
knowledge. As such, this provides some evidence for the fact that dyslexia is not a general learning
deficit but language-related. The Block patterns, Logical reasoning, and Secret code subtests load on
a different factor together with working memory. This factor seems to form a combined latent
variable that joins FIQ and working memory. Studies have demonstrated that working memory and
Fluid IQ are related although the exact relationship is still under debate. In Kane, Hambrick, &
Conway (2005) 50 % overlap was found between WM and FIQ while Oberauer, Schulze, Wilhelm, &
Suss (2005) even go up to 70%. Some authors go as far as stating that WM and FIQ are isomorphic.
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Our results are more in line with an overlap model reflected by the low loading of the working
memory test on this factor and the amount of unexplained variance of this test. As to the nature of
the relationship, Halford, Cowan, & Andrews (2007) declared that working memory and reasoning
share a common link in the related capacity limits quantified in the number of elements in the
working memory and the number of interrelations in reasoning that can be kept active. Remarkable
is the fact that the two memory tasks of the KAIT do not group together but are more closely related
to the initial skill they rely upon (Symbol learning and Auditory comprehension).
An important implication of the results on the IQ measures is that one should be wary when
applying an IQ-achievement discrepancy model in the diagnostic protocol of dyslexia. Although
nowadays often a more descriptive definition of dyslexia is applied, Machek & Nelson (2010) state
that the majority of US schools and school psychologists still rely on the discrepancy between
reading achievement and IQ to define dyslexia. IQ tests traditionally contain some subtests that are
more verbal in nature and some that focus on logical and deductive reasoning. In contrast with
Morgan et al. (1997) we did find significant differences in CIQ-related subtests as measured with
the KAIT and other subtests. Furthermore, a factor grouping all subtests that tap on purely verbal
skills clearly differentiates between groups. Test administrators should therefore be careful with
intelligence subtests that tap into verbal skills, as they are likely to disfavor students with dyslexia.
We suggest that only FIQ subtests or a FIQ composite score are used as a comparison measure for
the discrepancy between reading/spelling and IQ if one is tempted to use a discrepancy model.
Then the reading-IQ discrepancy seems to hold at a group level, at least when less time constrained
IQ tests are used.
Some limitations of the study should be taken into account. For one, an EFA is exploratory in nature.
The outcome of an EFA is a direct product of its input. With other initial variables, a different model
could have been obtained. However, at the start a well-considered selection of cognitive skills,
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proven to distinguish between adolescents with and without dyslexia was made based on the
available literature. Moreover, theoretical recommendations for EFA were applied and after the
deletion of some insignificant variables, the solid factors found in the first stage remained solid in
the second stage. A replication with different subtests and in different languages could provide
more information on the generalizability of the findings. A final important reflection is that by
including both samples in the factor analysis - in line with the goal of the study- no conclusions can
be drawn on how the factor structure would differ if computed separately in the dyslexia group and
the control sample.

Conclusions
An average student with dyslexia that registers for higher education experiences persistent
problems with reading and spelling, has low phonological and orthographical skills, and has
difficulties with mental calculations and rapid naming. Moreover, the retrieval of verbal
information from long-term memory is also likely to be impaired. In contrast, fluid IQ and reasoning
are not likely to be affected by the learning disability.
The results of the present study support the predictive model reported in Tops et al. (2012). This
model covers the two factors that discriminate best between students with dyslexia and students
without dyslexia. On the basis of the present factor analysis, an informed choice can be made in the
selection of additional instruments that would result in a maximum of information but meanwhile
minimizing resources and costs. For assessment of dyslexia in higher education, tests with a time
limit seem to discriminate particularly well. Based on the present study, our suggestions for a
comprehensive diagnostic test battery for dyslexia in higher education are: a measure of timed
word reading, a word dictation task complemented by a proofreading task, a measure of
phonological awareness such as a reversal task, an alphanumerical rapid naming task, a mental
calculation task, and a measure of FIQ as a control task for the exclusion criterion.
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