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CHAPTER 1

Introduction

Literacy skills are strongly valued in our modern society, as the concept of literacy is highly
associated with general competence. While reading and writing are generally considered
subconscious and simple processes, some people inexplicably fail on reading and writing,
and as such experience a lot of problems in daily life (Callens et al., 2012). Adults who
suffer from these reading and writing problems are frequently diagnosed with the clinical
learning disability dyslexia. According to the Dutch Dyslexia Association (Stichting Dyslexie
Nederland (SDN), 2016), dyslexia is defined as:

“a specific learning disorder that is characterized by persistent problems in learning to read
fluently and accurately and/or to spell at the word level. These difficulties are not the result
of environmental factors and/or a neurological, physical or general intellectual disability”.

Dyslexia is an impairment that is observed across different languages (Peterson &
Pennington, 2012). It is difficult to give an exact number for the prevalence of dyslexia,
as it mainly depends on two different elements: (1) the criteria used for defining dyslexia and
(2) the orthography in question. With respect to the criteria, some definitions only focus
on behavior (i.e., impaired reading and spelling), while other definitions also consider the
underlying causes of dyslexia, such as phonological awareness and rapid naming difficulties
(APA, 2013; SDN, 2016).

As indicated, the level of transparency of the orthography in question also plays a
prominent role in determining the prevalence of dyslexia (Borleffs et al., 2017; Ghesquière et
al., 2011). In transparent languages, a letter is mostly pronounced the same way, regardless
of the word it appears in (Winskel & Lee, 2014), whereas in deep orthographies, such as
English, these so-called grapheme-to-phoneme correspondences are much more ambiguous.
To illustrate, the prevalence of dyslexia for the Dutch language, estimated around 3.6 %
(Blomert, 2005), is comparable to, for example, Italian (3.1 %) (Barbiero et al., 2012), which
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are both languages with a (relatively) transparent orthography. The prevalence of dyslexia is
however usually higher in deeper orthographies, such as English, with numbers are varying
from 5 % up to 10, or sometimes even 17.5 % (Habib & Giraud, 2013; Landerl & Moll,
2010). This illustrates that reading and spelling are generally more complex and harder to
learn in languages with deeper orthographies, such as English. Moreover, the difficulties in
terms of reading skills are typically determined by accuracy for deeper orthographies and
by reading speed for more transparent orthographies (Re et al., 2011), demonstrating that
learning to read accurately is easier in a transparent orthography than in a deep orthography.
An additional disadvantage can therefore be expected for second language (L2) learners with
dyslexia, especially if the L2 is more opaque than the native language, which is the case for
people in the Netherlands with English as their L2.

1.1 Dyslexia in more detail

There is still an ongoing discussion about how best to specify dyslexia (e.g., Elliott &
Grigorenko, 2014). Among numerous recent definitions of dyslexia, the definition of the
SDN cited above (2016) is most frequently used in the Netherlands for research and clinical
practice. The definition of the SDN is purely descriptive, and does not go into the details
about the underlying (cognitive) mechanisms involved in dyslexia. The same applies to
the international definition of the American Psychiatric Association (APA, 2013), defining
dyslexia as a specific learning disability, characterized by inaccurate or slow word reading
and poor decoding and spelling skills. More precisely, performance on these abilities should
be significantly poorer than may be expected for a certain age, and these difficulties should
not be attributable to hearing and/or vision problems, or a general intellectual disability
(APA, 2013). Alternatively, the definition of the International Dyslexia Organization (IDA;
Lyon et al., 2003) is more explanatory and includes details about the underlying causes:

“Dyslexia is a specific learning disability that is neurological in origin. It is characterized
by difficulties with accurate and/or fluent word recognition and by poor spelling and decoding
abilities. These difficulties typically result from a deficit in the phonological component of
language that is often unexpected in relation to other cognitive abilities and the provision
of effective classroom instruction. Secondary consequences may include problems in reading
comprehension and reduced reading experience that can impede the growth of vocabulary and
background knowledge”.

Although the etiology of dyslexia appears to be complex, it is beyond doubt that the
primary symptoms of dyslexia are problems with word decoding and/or poor reading fluency
and poor word spelling and in that perspective, people with a presumption of dyslexia are
judged based on these skills. All three definitions include these criteria, but also acknowledge
exclusion criteria, such as normal hearing and vision, and normal intelligence (APA, 2013;
IDA; Lyon et al., 2003; SDN, 2016). The term ‘normal intelligence’ is however quite debatable
as the IQ-discrepancy definition, which is the notion that there has to be a discrepancy between
someone’s general ability (i.e., IQ level), and someone’s reading and spelling skills in order
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to be diagnosed with dyslexia, has been dropped by many researchers in the last few years
(Snowling et al., 2020). It is proposed that dyslexia manifests itself independently from IQ
(i.e., both people with high average IQ scores and low average IQ scores can be diagnosed with
dyslexia), and thus is a discrepancy between IQ and reading and spelling no longer relevant,
although it can cause difficulties in some diagnostic cases.

Additionally, it is undeniable that some people with dyslexia are more affected by the
learning disability than others. While some show reading and spelling performances only
slightly below the cut-off point, for example below the 10th percentile (which is often used as
the discrepancy method in the Netherlands), others score well below this point, for example
below the 3rd percentile. This means that within the group of people with dyslexia there is
quite some variation (i.e., degree of severity). Likewise, there are individuals with dyslexia
that only experience problems with word reading, or with word spelling, and not with both
(SDN, 2016). It may, for instance, occur that someone has impaired word reading accuracy
and fluency, but is able to spell words without too many errors. Thus, when we keep in
mind that (1) the degree of severity differs from individual to individual, (2) dyslexia may
appear in reading, spelling, or both, and (3) that dyslexia is IQ independent, it becomes clear
that dyslexia can better be considered a spectrum learning disability, rather than a clear-cut
condition (Tamboer et al., 2017; Van Setten et al., 2017).

Considering the complexity of defining dyslexia, it is not surprising that there are many
different theories and hypotheses about its causes. Some traditional theories imply a single
deficit (i.e., one single cause), while other more recent theories argue for a multiple deficit
approach of dyslexia (i.e., various possible causes, e.g., Pennington, 2006). Single deficit
theories were quite popular until around 2010 (e.g., Hulme & Snowling, 2011; Ziegler &
Goswami, 2005; see Melby-Lervåg et al., 2012, for a meta-analysis). The single deficit theory
that is the most prominent and most widely accepted, is the phonological core deficit theory.
This theory links the underlying causes of dyslexia to a deficit in phonological processing (e.g.,
Hulme & Snowling, 2011; Ziegler & Goswami, 2005; see Melby-Lervåg et al., 2012, for a meta-
analysis). This results in difficulties in the connection between phonemes (i.e., phonology),
and graphemes (i.e., orthography), and thus it is difficult to build mental representations
of orthographic words, even more so in opaque languages (Borleffs et al., 2017). Although
most people with dyslexia indeed exhibit a deficit in phonological processing, it is not the
case for all of them, demonstrating that the phonological core deficit theory cannot define
the whole population of people with dyslexia (e.g., Castles & Friedmann, 2014; Ramus et al.,
2013). Moreover, also not all individuals who demonstrate a deficit in phonological processing
are diagnosed with dyslexia (Van Bergen et al., 2014). Other single deficit theories that have
been proposed are, for example, themagnocellular theory of dyslexia, claiming that individuals
with dyslexia are less sensitive to changing auditory and visual stimuli, because of a poorer
magnocellular system (e.g., Boets et al., 2013; Stein et al., 1999; Stein &Walsh, 1997), and the
cerebellar theory of dyslexia, suggesting an abnormality in the cerebellum for people diagnosed
with dyslexia, causing overall impairments in the automatization of processes, such as issues
with reading and spelling, but also other more cognitive impairments such as balance issues
and working memory and attention difficulties (e.g., Fawcett & Nicolson, 2004).

During the last twenty years, however, there has been a shift from single deficit theories
to double and multiple deficit theories, as studies have shown that not all individuals with
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dyslexia demonstrate similar (underlying) impairments, nor experience those to the same
degree (Bosse et al., 2007; Harrison & Stewart, 2019; Wolf & Bowers, 1999). According to the
double-deficit hypothesis of Wolf and Bowers (1999) there are two relatively independent
deficits that pose a risk of developing dyslexia and can therefore result in the outcome
dyslexic or not (i.e., a phonological awareness deficit and a rapid naming deficit), as also
rapid naming difficulties are also often reported in people with dyslexia (Papadopoulos et
al., 2016; Ghesquière et al., 2011). Rapid naming is the ability to quickly name for example
symbols, colours or digits. It is an important predictor in the reading skills as both rapid
naming and fluent word reading seem dependent on the same neurocognitive processes, such
as processing speed (Papadopoulos et al., 2016). It therefore seems to explain a unique share
in reading skills, besides phonological awareness (Li et al., 2009). In accordance with the
double-deficit theory, both rapid naming and phonological impairments predict the reading
ability separately, and thus a deficit in one or both of them has an effect on the severity
of dyslexia. To illustrate, a person that only has a rapid naming deficit most likely suffers
from a milder reading deficit than someone who exhibits a rapid naming and a phonological
processing deficit.

The multiple deficit theory for dyslexia was introduced by Pennington (2006). According
to Pennington, there is no specific underlying cause for dyslexia since this would imply a
one-to-one correspondence between the underlying cause and outcome. Instead, the author
identifies dyslexia as an impairment with a multifactorial etiology. Hence, there are multiple
risk factors causing a risk of developing dyslexia, such as poor phonological awareness, a
reduced sensitivity to changing visual stimuli and poorer auditory temporal processing, that
may be involved in dyslexia (Bosse et al., 2007; Pennington, 2006). Thus, dyslexia is
considered the outcome of multiple risk factors. These so-called risk factors, such as poor
phonological awareness and a reduced sensitivity to visual stimuli, increase the probability
that an individual will develop dyslexia, while other, so called protective factors, such as
extensive vocabulary knowledge, decrease this probability. The interaction of these risk and
protective factors results in the outcome whether someone has the diagnosis dyslexia or not
(Harrison & Stewart, 2019; Pennington, 2006; Tamboer et al., 2017).

Although dyslexia is primarily defined as a severe word reading and spelling problem,
it has broader consequences as well. It can affect a wide range of linguistic skills, like
reading comprehension, writing and vocabulary, but also general well-being, motivation and
concentration (Hellendoorn & Ruijsenaars, 2000; Tamboer et al., 2017). It is likely that these
’secondary consequences’ are a result of poorer reading and spelling, because problems in these
skills have an effect on the development of other linguistic skills and general well-being. This
can be problematic for people with dyslexia, as it also affects progress in school, in academic
careers and in future vocation (Callens et al., 2012). Children with dyslexia in primary school
will for instance not only experience difficulties with the acquisition of reading and spelling,
but they also appear to be more resistant to interventions (Torgesen et al., 2001). Also,
because of poorer reading and spelling, vocabulary learning and reading comprehension can
be impeded. By the time a student enters higher education, it is demonstrated that spelling
and reading impairments are persistent (Callens et al., 2012). It is thus to be expected
that secondary consequences, such as difficulties with reading comprehension and writing,
also carry over to adulthood. However, fewer studies have focused in-depth on secondary
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consequences of dyslexia in higher education, such as reading comprehension and writing,
but those skills are of fundamental importance for academic success. Therefore, the focus of
this thesis will be to study the wide-range impact of dyslexia in higher education, primarily
focusing on the secondary consequences reading comprehension and writing. In section 1.2 of
this introduction an elaborate overview will be provided about the characteristics of students
with dyslexia, followed by an overview of reading comprehension in higher education (section
1.3), and writing in higher education (section 1.4).

Additionally, it can be expected that the secondary consequences of dyslexia will even be
more prominent in L2 learning, especially when the L2 is less transparent than the L1, as
discussed above. This is the case for Dutch higher education students with dyslexia, who
have English as their L2. In Dutch higher education (i.e., applied science programs and
university), many courses and programs are taught in English, which can be unfavorable for
higher education students with dyslexia. One of the aims of this thesis is therefore to unravel
whether higher education students with dyslexia show greater learning difficulties in L2 than
in L1 and how this compares to the learning abilities of their peers without dyslexia in either
language (see section 1.5 below).

1.2 Characteristics of higher education students with dyslexia

Dyslexia is a life-long learning disability that affects one’s academic career and future vocation
(Callens, 2013; Cavalli et al., 2018; Tops, 2012). Although the majority of people with dyslexia
keep experiencing reading and spelling impairments, some individuals with dyslexia seem
able to compensate for their impairments to some extent, resulting in more normal reading
and spelling scores (e.g., Law et al., 2015). The percentage of students with dyslexia that
enters higher education seems on the rise (Callens et al., 2012; Hadjikakou & Hartas, 2008;
Pino & Mortari, 2014; Ryder & Norwich, 2018), meaning that more students with dyslexia
find their way to higher education. This does not necessarily mean that the prevalence of
dyslexia increases. It is more likely that this is due to the notion that students with dyslexia
nowadays may feel less inhibited by their learning disability, as a consequence of better overall
understanding of dyslexia and effective remediation and counseling in primary school and high
school (Callens et al., 2012; Callens & Tops, 2015).

The characteristics of higher education students with dyslexia are different from those of
children with dyslexia, for whom poor accuracy, slow reading, and phonological awareness
are presented as the main difficulties (Callens et al., 2012; Martin et al., 2010). Adults
with dyslexia, however, struggle primarily with reading quickly, and with phonological
awareness (Callens et al., 2012; Milne et al., 2003; Swanson & Hsieh, 2009). Moreover, severe
phonological awareness problems are most regularly found in the group of poorest readers, as
phonological awareness problems are generally less present in adults that have mastered the
decoding skills relatively well (De Groot et al., 2015). This appears to be the case for Dutch
higher education students with dyslexia (from now on referred to as students with dyslexia
in this chapter) who are usually able to read quite accurately, but read two to three times
slower than peers without dyslexia (Desoete et al., 2010). Students with dyslexia continue to
make word reading errors, but mostly in words that are phonologically and orthographically
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complex, such as multisyllabic words, irregular words, and loan words (Desoete et al. 2010).
The same pattern is found for spelling. Students with dyslexia make more spelling errors
than students without dyslexia, but specifically with more complex, multi-syllabic words and
words that have to be memorized, such as loan words (Tops et al., 2014).

In the 1990’s, researchers observed that dyslexia does not only affect children, but that it is
a life-long learning disability (Everatt, 1997, Pennington & Lefly, 1991; Snowling, 2000). Since
then, multiple studies have shown that higher education students with dyslexia have impaired
word reading (e.g., Deacon et al., 2012; Hatcher et al., 2002), non-word reading (e.g., Re et
al., 2011; word spelling (e.g., Kemp et al., 2009; Sumner & Connelly, 2020; Tops et al., 2014)
and phonological awareness (e.g., Hatcher et al., 2002; Parrila et al., 2007). Furthermore, in a
large meta-analysis of 52 published papers, Swanson and Hsieh (2009) concluded that students
with dyslexia indeed suffer the most during word reading, spelling and phonological processing.
However, poorer results were also demonstrated on tests for working memory and long-term
memory. Nonetheless, students with dyslexia perform similarly to students without dyslexia
on general intelligence, cognitive monitoring, problem solving, visual perception, auditory and
social skills.

A bias in adult dyslexia research is that most results originate from English speaking
countries. This means that those results cannot directly be transferred to other languages,
such as Dutch, because the appearance of dyslexia differs across languages. In order to
address this caveat for the Dutch language, two large-scale studies by Callens (2013) and
Tops (2012) were carried out in Flanders, the Dutch speaking part of Belgium, to determine
the differences between Dutch higher education students with dyslexia and matched peers.
Callens (2013) and Tops (2012) tested 100 first year bachelor students with dyslexia and 100
controls matched on age, gender and field of study from the Dutch speaking part of Belgium.
Students were tested on diverse tasks, including word reading, spelling, (advanced) writing,
memory and processing skills, and some cognitive measures, like non-verbal IQ. Callens (2013)
and Tops (2012) concluded that these higher education students with dyslexia continue to have
serious word and text reading, and spelling problems, as well as problems with phonological
processing, long-term memory retrieval, verbal working memory and processing speed, which
is in line with the results for English-speaking students from Swanson and Hsieh (2009). The
results of Callens (2013) and Tops (2012) led to the development of the Dyslexia Assessment
Protocol (DAP), in which only three tests are needed to accurately discriminate students
with dyslexia from non-dyslexic peers, namely word reading, word spelling and phonological
awareness (Tops et al., 2012). Similar results were obtained by Tamboer and Vorst (2015)
and Tamboer et al. (2017). In this study it was shown that Dutch students with dyslexia
demonstrate poorer performances on reading, spelling, phonological awareness, memory and
rapid naming. Tamboer and colleagues (2017) also proposed that, if feasible, it is valuable to
also include questionnaires as a diagnostic method besides more ‘traditional’ diagnostic tests.
If diagnostic tests and questionnaires are combined, this contributes to a clearer picture of
the impairments of a student with dyslexia.

Lastly, some new insights were provided by a recent study of Bønnerup et al. (2019),
as the authors demonstrated a difference between the abilities of university students with
dyslexia and professional program students (i.e., students from applied science programs)
with dyslexia. The authors studied Danish higher education students with dyslexia. Four
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groups of students were examined, two groups with dyslexia, including one group of university
students and one group of students from professional programs, and two control groups,
comprising one group of university students and one of professional program students. All
students were assessed on reading, spelling, phonological awareness and vocabulary. Both
control groups outperformed the students with dyslexia on most measures. The two groups
with dyslexia performed similarly on only the phonological tasks, the university students with
dyslexia outperforming the professional program students with dyslexia on all the reading and
spelling measures. As such it was concluded by Bønnerup and colleagues (2019) that university
students with dyslexia somehow compensate for the influence of the learning disorder, possibly
by relying on other literacy skills, past experiences and cognitive attributes, such as reading
experience and working memory.

Summarizing, much progress has been made in understanding the neurocognitive profile of
students with dyslexia. Studies have reported that students with dyslexia experience problems
with word reading and word spelling, as well as with phonological awareness, and working
memory. These difficulties most likely lead to problems in higher education, which could
directly influence their academic results.

1.3 Reading comprehension in higher education

Reading development takes many years and consists of several phases. By the time students
enter higher education they have easily entered the ‘expert reader phase’, in which readers
are usually very fluent and competent, and have an excellent comprehension of printed text
(Wolf, 2008). Therefore, students in higher education in general can be considered as well-
read, which is essential because literacy skills are very important in higher education.

Yet, for both students with and without a learning disability, the transition from secondary
education to higher education can be tough on multiple aspects. First of all, a transition needs
to be made from ‘secondary learning’ to ‘university learning’. Academic texts are generally
longer, more complex and can contain abstract and technical language in new fields (Pedersen
et al., 2016). Therefore, it takes a lot of time and effort to read and study all the offered
materials. Also, classes are much longer, and note taking from lectures may be a completely
new concept to the student. Without an efficient and clear approach, students may feel lost
in this new academic world. Reading effectively and independently is therefore central to the
process of learning (Onwuegbuzie & Collins, 2002; Pedersen et al., 2012).

The purpose of reading is to understand written texts. Reading comprehension is “not
one thing, but many things” according to Perfetti and Adlof (2012), and it is described as
“the integration of the reader’s understanding of text with the reader’s prior knowledge and
applying new knowledge to novel learning situations” by Faggella-Luby and Deshler (2008).
For the text to be understandable, a reader needs to make inferences in a text, meaning
that the elements of the text need to be linked with the intention to build a logical mental
representation of the text (Perfetti & Adlof, 2012). Inferences are usually activated by implicit
or even absent elements in the text and thus have to be generated to comprehend it (Perfetti
& Adlof, 2012). The ability to make text inferences, therefore, is also an excellent indicator
as to whether someone is a proficient reader or not, because making inferences is necessary
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for a full understanding of printed text (Castles et al., 2018; Perfetti & Adlof, 2012).
Early in development, reading comprehension is hampered by children’s limitations in

decoding abilities. In the Simple View of Reading, proposed by Gough and Tunmer (1986),
it is suggested that both decoding and linguistic comprehension are necessary for reading
comprehension, and neither can stand alone. One who can decode printed text, but cannot
understand its meaning, is not reading, and conversely, reading comprehension cannot be
successful without the capacity to decode (Gough & Tunmer, 1986). However, the Simple View
of Reading cannot serve as a model that can outline the process of reading comprehension,
as it does not tell how the two components (i.e., linguistic comprehension and decoding),
operate and function together. Moreover, reading comprehension cannot be defined by a
unified model, according to Castles and colleagues (2018), because it is not a process that
stands on itself. As stated by Castles et al. (2018) “reading comprehension entails different
linguistic and cognitive processes operating on text and interacting with one and other”, but
also interacting with, for example, background knowledge and metacognitive knowledge.

Reading comprehension for children cannot be compared to advanced reading
comprehension for adults (Castles et al., 2018), as adults have a larger vocabulary size, better
grammatical skills and more background knowledge. A good reading comprehension model for
adults needs to show the discussed interplay between the linguistic and cognitive processes
involved in reading comprehension, while also, for example, taking background knowledge
into account (Castles et al., 2018). The Reading Systems Framework (RSF; Perfetti &
Stafura, 2014) determines three different constructs that underly reading comprehension,
being knowledge, composed of linguistic knowledge, orthographic knowledge and general
knowledge, processes, such as decoding and meaning retrieval, and general cognitive resources,
such as working memory. The RSF implies an interplay between the three different constructs.
A similar reading comprehension model was proposed by Faggella-Luby and Deshler (2008).
According to Faggella-Luby and Deshler (2008), reading comprehension is influenced by three
different main skills, namely word recognition, language comprehension and executive processes
(see Figure 1.1 for more details). As illustrated, word recognition, language comprehension
and executive processes comprise different subskills, for example, phonological awareness and
decoding for word recognition, vocabulary and syntax knowledge for language comprehension
and cognitive strategies for executive processes. All of these subskills contribute to reading
comprehension and vice versa (Faggella-Luby & Deshler, 2008).

As demonstrated in subsection 1.2, studies have shown that students with dyslexia have
impaired word decoding and fluency, and phonological awareness (e.g., Callens et al., 2012;
Tamboer et al., 2017), all subskills that are related to reading comprehension according to
Faggella-Luby and Deshler (2008). In addition, some parts of language comprehension, such
as vocabulary and syntax, as well as some cognitive systems, like working memory, seem to
be problematic for students with dyslexia (Ghani & Gathercole, 2013; Cavalli et al., 2018;
Ransby & Swanson, 2003; Smith-Spark et al., 2016; Swanson & Hsieh, 2009).

Only a few studies have evaluated the vocabulary and syntax skills of students with
dyslexia. Ransby and Swanson (2003) and Cavalli et al. (2015) showed that the vocabulary
skills of English and French university students with dyslexia do not differ significantly from
the vocabulary skills of students without a learning disability. However, for Dutch it was
shown that higher education students with dyslexia perform poorer on the measured Dutch
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Figure 1.1: Theoretical reading comprehension model of Faggella-Luby and Deshler (2008)

vocabulary test compared to a matched control group (Tops, 2012). In addition, Tops (2012)
reported that students with dyslexia performed poorer on a morphology and syntax test than
students without a learning disability.

Likewise, working memory is known to be one of the main problems in executive processes
for students with dyslexia (Ghani & Gathercole, 2013; Ransby & Swanson, 2003; Swanson
& Hsieh, 2009). Working memory can be defined "as a cognitive system that can actively
hold and control information for a short period of time" as proposed by Cowan (2014). The
studies of Broggi et al. (2019), Ghani and Gathercole (2013), and Ransby and Swanson
(2003) demonstrated that students with dyslexia perform worse on verbal working memory
tests than peers without dyslexia. The reason why working memory is so important for
reading comprehension is that to understand a piece of text, a reader must hold information
in his or her memory while constructing the necessary relationships to get to a meaningful
and logical interpretation of a text (Fischer & Glanzer, 1986; Miller, Cohen et al., 2006). Part
of the information needs to be stored and processed at the same time in order to construct a
reasonable answer (Fischer & Glanzer, 1986). Therefore, people with a better working memory
are usually more proficient in holding (more) information and in constructing connections,
while also suppressing unrelated information. Students with dyslexia, who have a poorer
working memory, are therefore expected to be at disadvantage in reading comprehension,
especially in higher-order processes, such as making connections and inferences. Moreover, it
is also likely that the limited working memory capacities of students with dyslexia are already
occupied by bottom-up processes, such as phonological working memory for decoding capacity,
and as such cannot be attributed to reading comprehension performance (i.e., higher-order
processes, Broggi et al., 2019; Li & Roshan, 2019).
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It can thus be expected that at least some students with dyslexia also have problems
with reading comprehension. This was already confirmed by multiple studies (Bergey et al.,
2017; Coleman et al., 2009; Pedersen et al. 2016; Simmons & Singleton, 2000). Simmons
and Singleton (2000) reported that English students with dyslexia perform on a similar level
to students without dyslexia on answering literal questions, but not on inferential questions.
Thus, making text inferences is indeed more difficult for students with dyslexia. Similar results
were found by Pedersen et al. (2016) who examined the retelling skills of Danish students
with dyslexia. Students with dyslexia were able to retell the text literally, but failed to give
additional information about the text and to construct relations in the text.

In addition, students with dyslexia perform poorer on answering large open questions and
essay type questions (see for an overview of writing in higher education: section 1.4; Coleman
et al., 2009; Everatt, 1997; Farmer et al., 2002; Tops et al., 2014). It was also demonstrated by
Hebert et al. (2018) that students with dyslexia need more time to answer vocabulary, literal,
inferential and background knowledge questions in reading comprehension measures. It was
thus suggested that students with dyslexia need more time to finish reading comprehension
measures, which was not only related to their word reading problems.

Yet, not all studies have shown that students with dyslexia demonstrate problems with
reading comprehension (Bazen et al., 2020; Lesaux et al., 2006; Lindgren & Laine, 2010;
Parrila et al., 2007). Lindgren and Laine (2010) and Parrila et al. (2007) revealed that
students with dyslexia attain a similar level of reading comprehension to normal adult readers,
especially when there are no time constraints. In this case, students with dyslexia do not feel
pressured by time constraints, which gives them the opportunity to read at their own pace.
This helps them to understand the text on a similar level as students without a reading
disability.

To conclude, reading comprehension is not a single process, but a process that consists of a
number of different linguistic and non-linguistic components, such as language comprehension,
word reading and working memory. Students with dyslexia demonstrate problems in reading
comprehension, especially in making inferences in texts and in retelling stories, as well as in
some skills and processes related to reading comprehension. As such it is expected that these
students experience difficulties in higher education.

1.4 Writing in Higher Education

By the time students enroll in higher education, most of them are able to spell and write with
minimal effort. This is very important for their academic development, because written texts
form the basis of note taking, article writing and evaluations during their studies. However,
for students with dyslexia this can be quite problematic, as writing has been reported to be
difficult for students with dyslexia (e.g., Coleman et al., 2009; Tops et al., 2014; Sumner &
Connelly, 2020).

Writing can broadly be defined as the translation of your ideas into the orthographic
representation (Tops et al., 2014). The first problem for students with dyslexia already
demonstrates itself in writing the orthographic representation (i.e., spelling; Bogdanowicz
et al., 2014; Callens et al., 2012; Coleman et al., 2009; Galbraith et al., 2012; Moojen et
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Figure 1.2: Writing model of Flower and Hayes (1981)

al., 2020; Sumner & Connelly, 2020; Tops et al., 2014). It has been reported that higher
education students with dyslexia produce significantly more spelling errors than students
without dyslexia, and that their spelling is more inconsistent: something that is written
correctly one day, may be written incorrectly the day after (Angelelli et al., 2010; Coleman
et al., 2009; Tops et al., 2014). Particularly, Tops et al. (2014) demonstrated that Dutch
higher education students with dyslexia make approximately twice as many spelling errors in
word and sentence dictation in comparison to students without a learning disability. More
specifically, students with dyslexia primarily made a higher proportion of phonological errors
(e.g., *apitude instead of aptitude) than students without dyslexia. Students with dyslexia
also make more morphological errors (e.g., errors in capitalization), but this type of errors
is relatively less frequent compared to the phonological errors. Additionally, students with
dyslexia also produce more memory-based errors, which are errors in words that have to be
memorized (e.g., beautiful or camouflage), than controls in absolute numbers. Nevertheless,
this type of errors was also the most common in the control group.

Writing is not only built upon how to spell words in the correct way. Similar to reading
comprehension, writing is a much more complex process that takes many years to develop.
Because of the complexity of the writing process, it is hard to capture it in a model in which
different linguistic and cognitive processes play a prominent role. One of the first writing
models was proposed by Flower and Hayes (1980; 1981). They suggested a model to make
(1) a representation of writing and (2) to show the different components that are involved in
writing (see Figure 1.2 for more details.).
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According to Flower and Hayes (1980; 1981) writing consists of three main linguistic
components: planning, composing (i.e., translating), and reviewing. It also involves different
non-linguistic components, such as working memory and task environment. In conformity
with Flower and Hayes (1981) the process of writing starts with retrieving information from
long-term memory, such as background knowledge about the topic and information about
the audience. The next step is planning what to write, in which for example the topic and
audience are kept in mind. Planning is followed by the translation of ideas into words and
sentences into the orthographic representation, which will result in written output. This
output must be read and edited and the changes that seem necessary to improve the text
can be implemented. During this whole writing process working memory plays a fundamental
role as well, as information needs to be stored, manipulated and constructed (Cowan, 2014).
Someone with a good working memory is usually able to keep track of the information,
while also manipulating the content, and is therefore more likely to be a proficient writer.
Consequently, students with dyslexia, who generally have a poorer working memory, are
expected to have a disadvantage in writing, similar to reading comprehension (Cowan, 2014).

Chenoweth and Hayes (2001) also proposed a writing model distinguishing three different
levels: a resource level, a process level, and a control level. The resource level includes
linguistic knowledge, general knowledge and metacognitive knowledge. The resource level is
called upon by the processes at the process level, such as internal processes as translating and
revising, and external processes like dictionaries. The control level holds a task scheme that
consists of the task goal “that governs the interactions among the processes”, meaning that
the control level controls the function and operation of the different processes (Chenoweth &
Hayes, 2001, p. 84).

Not only the processes and skills suggested above are important for the writing process.
In order to be able to express yourself, sufficient language proficiency and grammatical skills
are needed as they are likely to influence the quality of the written texts (Van Gelderen et
al., 2003). Combining the models by Flower and Hayes (1981) and Chenoweth and Hayes
(2001) with the fact that both grammatical knowledge and sufficient language proficiency
are needed, it is to be expected that text writing, and not just spelling, can cause problems
for students with dyslexia (Coleman, et al., 2009; Farmer et al., 2002; Hatcher et al., 2002;
MacCullagh et al., 2016; MacKay et al., 2019; Sterling et al., 1997; Sumner & Connelly, 2020).
Studies have shown that students with dyslexia write shorter texts (Coleman et al., 2009),
have difficulties with the organization of essays (Mortimore & Crozier, 2006), need more time
to write summaries and essays (Coleman et al., 2009; Farmer et al., 2002; Sterling et al., 1997)
and show less variety in vocabulary (Sterling et al., 1997). Elaborating, it was reported by the
studies of Hatcher et al. (2002), MacKay et al. (2019) and Sumner and Connelly (2020) for
English, and by Tops et al. (2014) for Dutch, that the summaries of students with dyslexia
not only contained more spelling errors, but were also of poorer quality, were lacking a clear
structure and were less coherent as the summaries of students without dyslexia. Additionally,
Tops and colleagues (2014) showed that as a consequence, students with dyslexia received
lower marks on written assessments by their teachers.

To summarize, writing is not a single process, but a process that is founded upon different
linguistic and non-linguistic components. Students with dyslexia appear to have a problems
not only with some linguistic skills, such as spelling, but also with non-linguistic skills involved
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in writing, such as working memory. Consequently, writing difficulties have been reported for
students with dyslexia, showing that texts of students with dyslexia are usually of less quality,
lack a clear structure and contain more spelling errors, which could influence the outcomes in
higher education.

1.5 The role of English in Dutch Higher Education

There is a general assumption that we are the most proficient in our native language, assuming
that reading and writing skills are more prepared, automatized and efficient when approaching
printed text in our first language (L1) in comparison to our L2. Therefore, people are generally
more fluent in their L1, as words and grammatical structures can accessed more easily (Van
Gelderen et al., 2003). However, successful L2 learning is built upon our phonological,
orthographic, semantic, pragmatic, and syntactic skills of our L1 as proposed by the Linguistic
Coding Differences Hypothesis (LCDH) by Ganschow et al. (1991). Accordingly, being
proficient in your native language may therefore assist in L2 learning. It can also be assumed
that failure in a L2 is also founded upon difficulties in a L1, as the LCDH also states that
individuals who encounter language difficulties in their L1, will likely also face these problems
in their L2 (Ganschow et al., 1991). This suggests that because people with dyslexia already
have difficulties in reading and writing in their L1, they are likely to demonstrate these
problems - to the same extent or even worse - in their L2 (Helland & Kaasa, 2005; Landerl
& Wimmer, 2008; Seymour et al., 2003), which is a disadvantage that people without a
learning disability do not experience. Alternatively stated, problems in a L1 can hamper the
development of L2 learning.

However, due to internationalization, the ability to communicate in more than one
language becomes more and more essential. This is especially true for smaller language
communities, like the Dutch language community with ‘only’ 24 million native speakers.
English is regarded as the L2 of the Netherlands (Gerritsen et al., 2016; McArthur, 1996) and
for Dutch people it is relatively easy to learn the basics of English because of geographical
reasons, language history and language contact (Borleffs et al., 2017; Patel et al., 2004). On
the other hand, as already mentioned earlier in this chapter, the English orthography is much
deeper than the Dutch orthography, which can be problematic for L2 learners (Borleffs et al.,
2017; 2019; Reis et al., 2020). To illustrate, the spoken language of both Dutch and English
consists of approximately the same number of different phonemes. The big difference between
the two languages is however that in English these phonemes can be written in many more
different ways as compared to Dutch (Borleffs et al., 2017). Therefore, reading and writing
are more complex in English in contrast to Dutch, even more so for people with dyslexia
(Borleffs et al., 2017; 2019). The relation between sounds and phonemes is inconsistent and
therefore it takes more time to learn these letter-to-sound connections and to automatize these
connections in English.

From a young age on, children in the Netherlands are already very frequently exposed
to English through the media such as television, radio, gaming and internet. Usually, at
around the age of ten, formal instruction in English starts in primary school (Van Setten
et al., 2017). English classes are continued in secondary education, where students receive
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approximately four to six hours of formal instruction per week in English during their five
or six years of secondary education. By the time a student enters higher education, he or
she already had a lot of informal and formal exposure to English. In most higher education
programs, students are even more frequently exposed to English than in previous education,
because most literature is in English and even entire programs are taught in English. In
fact, in the academic year of 2017/2018, 23 % of all the bachelor degree programs in the
Netherlands were taught entirely in English, while for the master programs this was even
74 % (De Groot, 2019). Moreover, the number of full English programs in the Netherlands
increases every year. Hence, the amount, and usually also the level, of English increases when
a student progresses in his/her studies (De Groot, 2019). This can pose a risk for students for
whom the level of English is not proficient enough, as a lower proficiency level in English can
hamper the academic development of students, as course materials, lectures and literature
cannot be understood correctly (Ganschow et al., 1991; Van Gelderen et al., 2003).

It has been shown that higher education students with dyslexia do not only perform poorer
on reading, spelling and phonological awareness tests in L2, but also on more general language
aptitude measures (Callens et al., 2012; Hedman, 2012; Skinner & Smith, 2011). Specifically
for Dutch, Callens et al. (2012) reported that Dutch students with dyslexia indeed perform
worse on English tests compared to matched peers without a learning disability. Yet, this
difference between the students with and without dyslexia is similar to the difference in L1,
and not significantly larger, which supports the LCDH by Ganschow et al. (1991).

Even though the general assumption is that students with dyslexia perform worse on L2
tests than students without dyslexia, some students with dyslexia seem to have an unexpected
preference for reading in English (Miller-Guron & Lundberg, 2000). Miller-Guron and
Lundberg (2000) studied this phenomenon by comparing two groups of students with dyslexia,
one group with a preference for English, their L2, and one group with a preference for Swedish,
their L1. Additionally, a control group with students without a learning disability was studied.
The authors tested the students on several reading tests both in Swedish and English. Students
with dyslexia performed generally worse than the control group, but the dyslexia group with
a preference for English performed better on the English than the dyslexia group without this
preference on several tests. The authors argued that positive early experiences of English can
possibly trigger a greater readiness to approach English texts. Thus, not only learnability is
of influence on L2 learning, but also positive experiences might prevent some of the negative
effects on the L2.

To reiterate, it is assumed that higher education students with dyslexia will experience
comparable or even more problems in L2 learning as L2 learning is founded upon L1
proficiency. However, few studies have been carried out in this field to support this claim.
It has been shown that Dutch students with dyslexia perform poorer on English (L2) word
reading and word spelling as well as general language proficiency measures. It can thus be
expected that also reading comprehension and writing will be problematic in L2. It can
also be anticipated that executive functions, such as working memory, play an even more
prominent role in L2 reading comprehension and writing, since working memory is also used
for information processing, which is more challenging in a less proficient language (Wen & Li,
2019).
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1.6 The Current Dissertation
As can be derived from the subsections above, much progress has been made in the
understanding of the neurocognitive profile of students with dyslexia. Previous research
on this topic showed that higher education students with dyslexia experience difficulties
with word reading and word spelling, but also with other skills ranging from phonological
processing, working memory and long-term memory. Nonetheless, the impact of dyslexia is
wider. Students with dyslexia also demonstrate problems with reading comprehension, writing
and L2 learning, skills that are essential for success in higher education. Without adequate
reading comprehension and writing skills in Dutch (L1) and English (L2), students with
dyslexia may experience a significant impediment in higher education. However, research on
these topics is limited as fewer studies have focused on these so-called secondary consequences
of dyslexia.

This thesis offers new insights on the primary and secondary consequences of dyslexia in
higher education, and provides a comprehensive overview of the impact of dyslexia in Dutch
higher education. To this purpose, we aim to reach the following research objectives:

1. Provide a new diagnostic test that can discriminate between Dutch higher education
students with dyslexia and peers without dyslexia (Chapter 2)

2. Investigate the differences in L1 and L2 reading comprehension performance between
Dutch higher education students with dyslexia and matched peers without dyslexia.
Here, we also aim to investigate the influence of different test types on reading
comprehension, as well as the application of text-to-speech software (Chapter 3 and
4).

3. Examine the differences in L1 and L2 spelling and writing performance between
students with dyslexia and matched peers without dyslexia, while accounting language
proficiency, phonological awareness and working memory (Chapter 3 and 5).

Fulfilling these research objectives will result in new insights about the impact and
understanding of the neurocognitive profiles of students with dyslexia in higher education.
Four different experimental studies are carried out to meet these objectives. These studies
are introduced below.

1.7 Outline of the Thesis
In order to obtain a better understanding of dyslexia in Dutch higher education, the following
topics will be addressed:

In Chapter 2, the first issue that is discussed is the fact that there is need for more
short and hands-on diagnostic materials for clinical and research purposes for adults with –
a presumption of – dyslexia. Therefore, the Flamingo test is designed and it is investigated
whether this new diagnostic instrument is able to discriminate between students with dyslexia
and students without dyslexia. In this way, the predictive validity of the test is examined, as
well as the sensitivity and specificity for the different outcomes (i.e., reading accuracy, reading
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time and reading efficiency). Moreover, the Flamingo test is also tested alongside two existing
diagnostic reading tests, the LEMs, a word reading test, and De Klepel, a non-word reading
test. In such a way, it can be studied whether the Flamingo Test is as suitable as a diagnostic
instrument as the existing reading tests and if it can be a valuable addition to the diagnostic
protocol.

The goal of the study described in Chapter 3 is to obtain a better understanding of
the L1 and L2 reading comprehension performance of students with and without dyslexia,
and to evaluate how different test types influence this performance. More specifically, it is
investigated in what way students with and without dyslexia differ in reading comprehension
performance and also if language (i.e., Dutch or English) and test type (i.e., true-false
questions or summary writing) have an effect on this performance. Lastly, it is examined if
other factors such as language proficiency, working memory and fluid IQ, predict the reading
comprehension performance. For that reason, these factors are added as predictor variables.

The aim of the study in Chapter 4 is to investigate the academic reading comprehension
performance of higher education students with and without dyslexia. More specifically, it is
investigated how students perform on answering open questions after reading short academic
texts. Additionally, there are tools available to assist students with dyslexia, such as text-
to-speech software, but not much is known about the effectivity of such software for adults.
Therefore, it is studied whether the use of text-to-speech software improves the outcome of
students with dyslexia on academic reading comprehension performance. As such, it can
be studied whether this type of software can be used as a compensatory method in higher
education.

The aim of the study in Chapter 5 is to focus on the spelling and writing abilities of
students with dyslexia and without dyslexia. Therefore, it is investigated if students with
dyslexia perform worse on spelling and writing in both Dutch (L1) and English (L2). As
such, it is possible to investigate the fundamental differences between students with and
without dyslexia, but also whether similar spelling and writing deficits are found in Dutch
and English. Additionally, various other factors such as phonological awareness and working
memory, are taken into account, because these factors seem to relate to either spelling and/or
summary writing outcome. Therefore, it is studied whether phonological awareness and
working memory are predictors of adult spelling and adult summary writing in L1 and L2.

The final chapter of this thesis contains a discussion of all the studies carried out for
this thesis. Conclusions are drawn and the neurocognitive profile of Dutch higher education
students with dyslexia is discussed and differences between advanced readers with dyslexia
and a matched control group without dyslexia are explained. General limitations are discussed
and implications for both education and research are provided.
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