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CHAPTER 6

General Discussion and Conclusions

The general aim of this thesis was to examine the impact of dyslexia on students’ performance
in Dutch higher education, based on four empirical studies. Hence, we aimed at achieving the
following three 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 Dutch (L1) and English (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 Dutch (L1) and English (L2) spelling and writing
performance between students with dyslexia and matched peers without dyslexia,
while accounting for language proficiency, phonological awareness and working memory
(Chapter 3 and 5).

In this final chapter, a concise overview of the major findings and their implications will be
discussed. Next, overall conclusions are drawn, and possible implications for research as well
as higher education are discussed. Finally, this chapter will be concluded with the limitations
of the present thesis and recommendations for future research.
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CHAPTER 6: GENERAL DISCUSSION AND CONCLUSIONS

6.1 Understanding dyslexia in higher education

The findings of this dissertation contribute to a better understanding of dyslexia in Dutch
higher education. First, an overview will be given regarding the word reading and word
spelling skills of students with dyslexia (i.e., primary characteristics of dyslexia), followed by
an overview concerning reading comprehension and writing in both Dutch and English (i.e.,
secondary challenges of dyslexia).

6.1.1 Word reading and text reading

To achieve the first research objective, a new Dutch diagnostic instrument for higher education
students with dyslexia (henceforth: students with dyslexia), named the Flamingo test, was
developed. The Flamingo test was based on the French Alouette Test, tested for adults
by Cavalli et al. (2018). The validity of the Flamingo was investigated in two different
experiments. First, we focused on studying the discriminatory power of the Flamingo test by
investigating three different measures: reading accuracy, reading speed and reading efficiency.
In a second experiment, the validity of this new diagnostic instrument was tested alongside
two existing word reading tests: the LEMs, a specific word reading test for students in higher
education (Tops et al., 2019), and de Klepel (Van den Bos et al., 1994), a non-word reading
test.

The findings of this study showed that the Flamingo test is able to discriminate between
students with dyslexia and students without dyslexia on all three measures (i.e., accuracy,
speed and reading efficiency), with large effect sizes for all three measures. Our results
are in line with the results for the Alouette test (Cavalli et al., 2018) and demonstrated
high sensitivity and specificity, especially for reading efficiency and speed. Comparisons
between the Flamingo Test, the LEMs and the Klepel showed that all three tests were
able to discriminate between students with and without dyslexia, showing high correlations
between all three tests. Moreover, the Flamingo test also brings something original as
students are asked to read aloud a text instead of just listing words. This creates a different
reading experience, because the words are presented in lines of text and form logical and
syntactically correct sentences. As such, this paradigm uses a clever way of minimizing
the top-down semantic and conceptual information, while keeping most of the bottom-up
processes, such as word reading, intact. Therefore, we argue that the Flamingo is a sensitive
diagnostic instrument and a valuable addition to the existing word reading tests, rather than
a replacement, because combining all three tests might result in the ideal reading assessment
for students with - a presumption of - dyslexia. Furthermore, combining word reading and
text reading seems even more preferable in adults as opposed to children, as children are early
phase readers that have not developed specific compensation strategies. In that case, word
reading alone could be a sufficient method for testing. Adults, however, have been reading
their whole life and have most likely integrated some compensation mechanisms (Callens et
al., 2012) and as such more tests are needed to fully capture the reading problems of adults
with dyslexia.

Our participants were also tested on silent text reading in the studies reported in Chapter
3 and 4. Participants were asked to either read a text in Dutch or English, and to raise their
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CHAPTER 6: GENERAL DISCUSSION AND CONCLUSIONS

hand when they had finished reading the text for themselves for the first time. The results
showed that the students with dyslexia read the text significantly slower than controls in
both Dutch, their native language, and English, their L2, suggesting that reading difficulties
also carry over to their L2. These results appear to be in line with the Linguistic Coding
Differences Hypothesis (LCDH) of Ganschow et al. (1991) as L2 learning and/or reading
are built upon phonological, orthographic, semantic, pragmatic, and syntactic skills that are
transferrable from L1. All in all, it can be concluded that large word and text reading deficits
continue to exist for Dutch higher education students with dyslexia, which is in line with
previous research (e.g., Callens et al., 2012; Cavalli et al., 2018; Swanson & Hsieh, 2009).

6.1.2 Word spelling

The L1 and L2 word spelling skills of our participants were reported in Chapter 5. Students
without dyslexia outperformed students with dyslexia in word dictation tests, which is in line
with previous studies of Callens et al. (2012) and Tops et al. (2014). Moreover, not only were
poorer word spelling skills reported in the dictation of isolated words, but also in the written
summaries (Chapter 3 and 5). Our participants with dyslexia made more spelling errors in
writing a short summary in Dutch or English than higher education students without dyslexia.
Although the different types of spelling errors were not examined, it can be assumed that the
type of spelling errors will differ for Dutch (L1) and English (L2). English has a much deeper
orthography compared to Dutch. Therefore phoneme-to-grapheme correspondences are much
more ambiguous (Borleffs et al., 2017; 2019). Consequently, more phonological errors may
be expected for English than for Dutch, especially for L2 learners with a transparent native
language. This is because Dutch students with dyslexia will most likely rely on the phoneme-
to-grapheme correspondences of their native language (Reis et al., 2020).

These poorer spelling skills of higher education students with dyslexia can cause
disadvantages in higher education and future vocation. For example, students with dyslexia
made more spelling errors in written texts than students without dyslexia, which most
likely caused a negative effect on the readability of the text. This potentially influences
the assessment of the text during an evaluation, as teachers will most probably give a lower
mark for this written piece. This situation is similar to when a graduate student needs to
write an application letter, as a person that writes an application with many spelling errors
is less likely to be invited for an interview or to be selected for the job. As such, poor spelling
skills can hamper their progress in higher education and their future vocation.

6.1.3 Reading comprehension

The effect of test-type

To achieve our second research objective, an overview was provided of the reading
comprehension skills of students with and without dyslexia (Chapter 3 and 4). Also, the
effect of several test types on the reading comprehension outcome was investigated. In the
study reported in Chapter 3, our participants were asked to read two short texts, one about
the sun in L1 and one about sea otters in L2. Students were tested on a true/false (TF) test
and a free-recall (FR) test (i.e., summary writing test). The TF test measured how much the
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CHAPTER 6: GENERAL DISCUSSION AND CONCLUSIONS

students were able to recognize from the text and the FR test measured how much students
were able to recall from the text without being helped by memory cues.

We observed that our students with and without dyslexia performed comparably on
answering TF questions in Dutch. Both groups of students received a score of approximately
73 %. No L2 disadvantage was reported for the control students, which is in line with the
results of Vander Beken and Brysbaert (2017). However, a L2-disadvantage is observed for the
students with dyslexia, scoring 66 % correct in English, which is significantly lower than the
73 % for L1. We can thus conclude that for students with dyslexia, answering TF questions
in the L2 is more difficult. In the L1, however, these questions were not more difficult.

For the FR test it was demonstrated that the control students outperformed students
with dyslexia in both languages on the content of the summary. It can thus be observed
that students with dyslexia experience more problems than students without dyslexia with
recalling information and formulating a short story, which is in line with existing literature
(e.g., Hatcher et al., 2002; Pedersen et al., 2016; Tops et al., 2014). Summary writing will,
however, be further discussed in subsection 6.1.4.

In Chapter 4, we also covered open questions as a test type. Our participants were asked
to read two relatively short academic texts, one in L1 and one in L2. Participants were asked
to answer open questions after reading the text. We observed that answering open questions
in L1 does not show differences between the two groups of students. However, we saw that
students with dyslexia performed significantly poorer on answering open questions in L2. It
can be argued that the level of orthographic transparency again played a substantial role
in the reported results, as the English orthography is much more opaque than the Dutch
orthography. It has been demonstrated that reading accurately and quickly is harder in more
opaque languages (Borleffs et al., 2017; Reis et al., 2020; Van Setten et al., 2017). Moreover,
as suggested by the LCDH of Ganschow et al. (1991), L2 reading builds on L1 reading,
meaning that it is most likely harder to accurately and quickly read in an opaque L2 than it
is to accurately and quickly read in a transparent L2. It can thus be assumed that students
with dyslexia have more problems in reading in the opaque L2 compared to the transparent
L1, and as such have a poorer comprehension of the text.

Altogether, it was demonstrated that students with dyslexia performed relatively poor on
answering TF and open questions in English, and on summary writing in both languages.
Comparable performance to the control students were observed for Dutch TF questions and
open questions. More specifically, students with dyslexia appear to be able to compensate
for their reading comprehension problems in L1 up until the point that they have to answer
open questions. However, for English, which appears to be more challenging for students
with dyslexia, it is more difficult to use these compensation strategies and thus reading
comprehension problems are also reported for TF and open questions.

Another test type that is also regularly used in higher education is multiple choice.
Nonetheless, using this test type fell beyond the scope of this thesis. Multiple choice questions
can be considered as a similar type of questions as the TF questions, as students are also
helped by memory cues in both the questions and the answers (Vander Beken & Brysbaert,
2017). Despite that, multiple choice questions seem more demanding than TF questions as
an average multiple choice test usually involves three or four different answer options per
question. Moreover, within these three to four answer options per question there are always
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CHAPTER 6: GENERAL DISCUSSION AND CONCLUSIONS

options that seem very likely (Vander Beken, 2018). Consequently, the text needs to be
understood quite well in order to eliminate the incorrect options. Yet, the understanding of
the text does not need to be as detailed as for open questions or summary writing, as in
these latter situations the answers need to be elaborated on and written out. It could be
argued that TF questions are indeed the easiest type of questions, because of the memory
cues, as well as the existence of 50 % chance rate of picking the correct answer. Summary
writing is likely the most difficult answering mode, as it is devoid of memory cues and the
possibility of guessing. Based on our data, TF questions, as compared to summary writing,
indeed seem easier for students with dyslexia, especially in L1. However, as stated above, this
difference was not observable in L2. As students with dyslexia were not able to compensate
for their difficulties then, this may indicate that students with dyslexia experience additional
impairments when courses or programs are taught in English. Possible implications for higher
education will be discussed below in section 6.2.

The effect of text-to-speech software

Part of the second research objective was to investigate the potential of text-to-speech software
to assist students with dyslexia in reading (comprehension). The results reported in Chapter 4
indicated no effect of software for L1, demonstrating that the use of software did not improve
the outcome on the reading comprehension test. However, the use of a potential tool was also
not a requirement for a better performance as both groups perform similarly on answering
open questions in L1. It should be noted that these results cannot be generalized to the whole
population of students with dyslexia since our sample is considered high functioning, as these
students have already successfully completed secondary education and were pursuing higher
education.

In contrast, we observed a negative effect of software for L2. We saw a difference in
performance within the group of students with dyslexia. Overall, students with dyslexia
that read the text without the use of text-to-speech software outperformed the students with
dyslexia that read the text with the software. Thus, unlike our expectations based on studies
of Chang (2009) and Conklin et al. (2020), who suggested that the use of text-to-speech
software is more beneficial for L2 learning, listening while reading may be too complex in a
language other than your L1. Although it is not clear why this difference within the group
of students with dyslexia was found, there are some potential explanations for the observed
negative L2-effect.

First, most students with dyslexia never made use of the text-to-speech software before.
This lack of experience with the software could have caused a potential disadvantage, as they
were not able to match the printed text to the spoken output. Our data showed that students
with dyslexia who used the software read the L2 text significantly faster than the group with
dyslexia who did not use the software, which could also have resulted in a mismatch between
the printed text and audio.

Second, the negative results might be a matter of language proficiency. Overall, the
students with dyslexia showed lower results on all L2 measures, suggesting that their problems
are not limited to L2 reading and writing but are more fundamental. Staels and Van
den Broeck (2018) suggested that text-to-speech software is not beneficial for children with
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dyslexia as they are not yet fully fluent in decoding and do not know all the presented words.
L2 learners with dyslexia can be compared to these so-called ‘early-phase readers’, as they
are also not fully fluent and proficient in English, their L2. As such, reading with software
may have caused a negative effect on the performance of students with dyslexia.

Predictors of reading comprehension

Many linguistic and cognitive components are involved in reading comprehension as suggested
in Chapter 1 in this thesis. An apt reading comprehension model for adult readers needs to
account for the interplay between these linguistic and cognitive components. We discussed
two different reading comprehension models, among which the model of Faggella-Luby
and Deshler (2009). Faggella-Luby and Deshler proposed that reading comprehension is
built around three different main components, word recognition, language comprehension
and executive processes. These main components include several subcomponents, such as
decoding, phonological awareness and reading fluency for word recognition, background
knowledge, vocabulary and sentence structures for language comprehension, and cognitive
strategies (e.g., working memory) for executive processes. All of these subcomponents
contribute to reading comprehension and the relation between these subcomponents and our
outcomes will be discussed below.

Word recognition
As to word recognition, we investigated the effect of decoding and reading fluency on reading
comprehension outcome (Chapter 3 and 4). Remarkably, no significant relationship between
word reading scores and reading comprehension outcome (i.e., TF questions, open questions
or summary writing) in L1 was found, suggesting that, in our sample of high-functioning
students, poorer decoding skills are not likely to have an effect on the reading comprehension
outcome in L1. For L2, however, a significant relationship was observed between word reading
and reading comprehension. This suggests that individuals with poorer decoding skills have
impaired reading comprehension skills in L2. Impaired decoding automaticity appears to be a
plausible explanation for L2 reading comprehension difficulties as also suggested by Simmons
and Singleton (2000). Consequently, students with dyslexia were not able to compensate for
their impaired decoding automaticity in L2. In L1, however, they were able to do so.

Language comprehension
As to language comprehension, we investigated the effects of verbal language proficiency
(i.e., vocabulary and the c-test in both languages) on the reading comprehension outcome
(Chapter 3 and 4). We observed a difference in performance between students with and
without dyslexia on verbal language proficiency. The participants with dyslexia performed
relatively poorly on all verbal language proficiency measures. It appears that verbal language
proficiency shows a significant relationship with reading comprehension performance, which
is in line with previous studies (Miller, Miller et al., 2006; Faggella-Luby & Deshler, 2008;
Ransby & Swanson, 2003). More specifically, we saw that language proficiency plays a
significant role in answering TF and open questions in both languages, as well as in writing
a summary in English. However, students with dyslexia did not seem hampered in answering
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TF questions and open questions in L1 and as such, the participants with dyslexia seemed
able to compensate for their language proficiency difficulties nonetheless. However, poorer L2
proficiency skills seem to cause impaired reading comprehension for students with dyslexia in
L2. This could potentially be explained by the ‘weaker-links’ hypothesis of Finkbeiner (2002).
This hypothesis assumes that representations, such as words and sentence structures, are less
detailed in L2, causing a poorer comprehension of the L2 texts.

Another potential explanation can be found in the ‘levels-of-processing’ effect by Craik
and Lockhart (1972), which proposes that deeper, conceptual processing results in better
memory performance on (in this case) summary writing. The native language benefits more
from deeper processing than the L2, because the vocabulary size is usually larger in the
L1 (Francis & Gutiérrez, 2012). Tasks that require a thorough understanding of text (e.g.,
reading comprehension tests) are far more difficult in L2, particularly if the recognition of
words in the text is poorer. Since students with dyslexia show poor performance for the L2
vocabulary test and the L2 c-test, this may help explain their poor performance on all L2
reading comprehension tests.

Executive processes
Regarding executive processes, we investigated the effect of working memory on reading
comprehension performance (Chapter 3). At first, a difference was observed for the working
memory performance between the students with and without dyslexia. We saw that students
with dyslexia perform relatively poorly on working memory. Moreover, working memory seems
to be the most important predictor in L1 summary writing performance. Information needs
to be held and controlled for a short period of time to make a representation of the text by
creating inferences and connections (Miller, Cohen et al., 2006; Li & Roshan, 2019). Students
with dyslexia seem to be impaired on building this representation of the text, and thus seem
impaired in constructing connections and inferences. This may easily have resulted in a
working memory overload for students with dyslexia (Fischer & Glanzer, 1986; Li & Roshan,
2019; Miller, Cohen et al., 2006). It should, however, be noted that summary writing depends
on two components of reading comprehension, a passive component (i.e., reading of the text)
and an active component (i.e., writing of a summary). As we were unable to disentangle the
two components in our study, it remains unclear in which of the two components a relationship
with working memory is found.

It is unclear why no relation with working memory was found for L2 summary writing,
as this was reported by Vander Beken (2012). This could potentially be explained by the
‘resource hypothesis’ of Sandoval et al. (2010), who suggest that L2 reading requires more
working memory capacity for lower-order processes, such as decoding, leaving less capacity for
the higher-order processes, such as reading comprehension. Because students with dyslexia
lack adequate basic L2 language proficiency, writing a text in a L2 and constructing the
necessary information for the summary is more difficult, resulting in a working memory
overload for L2 summary writing for students with dyslexia (Helland & Kaasa, 2005; Landerl
& Wimmer, 2008).
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6.1.4 Writing

One of our main research objectives was studying the writing performance of students with
and without dyslexia, as writing is a fundamental skill in higher education. We observed
that students with dyslexia, as compared to matched controls, received significantly lower
points on the content of the written summaries in both Dutch and English (Chapter 3 and 5).
Additionally, students with dyslexia make more spelling errors in their summaries than the
matched control group as reported above in subsection 6.1.2. An important finding was that
even though students with dyslexia received fewer points on their summary, and made more
spelling errors, they did not write shorter summaries or shorter sentences in the summaries.
Moreover, finishing the assignment also took both groups equally long.

These results seem quite contradictory, since, on the one hand, students with dyslexia
produce equally long texts in the same amount of time, whereas, on the other hand, they
produce less informative summaries than students without dyslexia. It could be that students
with dyslexia need more words to describe something that students without dyslexia can
explain in fewer words. Additionally, as argued by Pedersen et al. (2016), it could be that
students with dyslexia stay closer to the factual representation of the text (i.e., a more literal
understanding), and thus list the summary more point by point rather than making it a
story-type summary. As a consequence, the summary would be less comprehensible.

Our results appear to be in line with previous studies (Coleman, et al., 2009; Farmer
et al., 2002; Hatcher et al., 2002; MacCullagh et al., 2016; Sterling et al., 1997; Sumner &
Connelly, 2020). More specifically, Tops et al. (2014) also found that the written summaries
of Dutch students with dyslexia were of poorer quality, and contained more spelling errors,
than those of students without dyslexia. Additionally, Sumner and Connelly (2020) observed
that, despite an equal length for the summaries, written in a similar amount of time, students
with dyslexia perform poorer than students without dyslexia. Possible explanations will be
discussed in the next subsection.

Predictors of writing

Similar to reading comprehension, writing is also a skill that consists of many subskills and
processes. Writing models of Flower and Hayes (1981) and Chenoweth and Hayes (2001) were
discussed in Chapter 1, demonstrating that several linguistic components, such as planning
and translating, as well as other non-linguistic components, such as working memory, are
necessary for successful writing. As discussed above, there is a strong relation between
working memory and summary writing in L1, indicating that a poor working memory has a
negative effect on the construction of a summary (Li & Roshan, 2019; Miller, Cohen et al.,
2006). Consequently, an adequate functioning working memory helps to write a summary, as
it is easier to recall and manipulate information (Li & Roshan, 2019).

Language proficiency and print-exposure
Language proficiency (shown above) and print exposure play an important role in writing
a summary in English. Previous studies have supported the statement that print exposure
is important in the process of summary writing. Torrance et al. (2016) suggested that the
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overall lower quality of written summaries of students with dyslexia may be attributed to
poorer knowledge of written language, as a result of less reading exposure over the years.
Unexpectedly, we did not observe differences between the students with and without dyslexia
on the print exposure measures, and thus we cannot confirm the findings of Torrance et al.
(2006). A possible explanation could be that students with dyslexia invest their time in
writing in L2 in a different way, such as needing more time to write a similar piece, than
peers without dyslexia, as these students do not need this extra time. Consequently, control
students can spend more time on alternative topics. However, we do not have the data to
support these claims and as such we cannot confirm this expectation.

Spelling and other linguistic predictors
Several alternative linguistic predictors were added to investigate their relation with summary
writing (Chapter 5). Among these predictors are spelling and self-reported final grades in high
school. As expected, spelling skills were found to be a strong predictor of summary writing,
indicating that knowing the correct spelling of words is very important in writing, as the
number of spelling errors has an effect on the readability of the summary. Lastly, we found
that the grade received in their final year of high school in the course on Dutch or English was
an important predictor of the summary writing score in Dutch and English. More specifically,
it appears that how a student performs in and progresses through secondary education is of
fundamental importance for their success in higher education.

6.2 Implications for research and education

The most important contribution of this thesis is that it demonstrates how wide the impact of
dyslexia is in higher education. We have looked into the word reading and spelling skills, but
more importantly, the reading comprehension and writing skills of students with dyslexia. Not
only have the students been examined in Dutch, their L1, but also in English, their L2. This
gives us insight into how dyslexia manifests in a language other than one’s native language.

The studies in this thesis have a strong theoretical focus. However, a good scientific
understanding of dyslexia helps the understanding of dyslexia in higher education. This
thesis has demonstrated once more that dyslexia is a persistent learning disability. Therefore, a
realistic approach of dyslexia may help people with dyslexia to accept their learning disability,
and to develop adequate compensatory strategies in earlier stages of education, such as in
primary school and high school. This may also mean that people with dyslexia will continue
to need assistance in reading and writing in higher education, not only in their native language,
but also in their L2. On the basis of our results, we can also argue that students with dyslexia
benefit from extra time during exams and evaluations, as well as the use of a spelling checker
during exams. As such, the risk of failing an exam can, for example, be minimized. Luckily,
in most higher education programs in the Netherlands, students with dyslexia already have
the right to take more time for/on exams.

Dutch higher education students with dyslexia could also benefit from guidelines and
assistance in writing and reading comprehension, especially in English. Tops et al. (2018)
already took one of the first steps and translated their findings into a practical handbook for
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students with dyslexia that are entering higher education. This book provides guidelines for
students with dyslexia in higher education. Besides these guidelines, there are also books and
online and offline programs that focus on students with a learning disability. One example
is “Wijzer op Weg” (Meersschaert et al., 2016). In such programs, not only do students
with dyslexia learn how to deal with dyslexia in higher education, but also teachers and
other professionals learn how to guide and help students with dyslexia. Future programs, for
example, could also focus on specifically reading comprehension, writing and L2 learning in
higher education and how this differs from high school reading and studying. Furthermore,
these programs should be developed with the individual student in mind making sure that all
students can meet up to their full potential. These programs should be developed based on
scientific data as well as past experiences from higher education education. More scientific
research seems however therefore necessary to develop such programs.

It became clear that the use of a non-native language such as English entails extra risks
for students with dyslexia. If Dutch students with dyslexia are asked to detect true and false
statements and answer open questions, they will most likely perform poorer in English as
compared to Dutch. This can pose a risk for higher education students with dyslexia as they
are regularly tested on this type of questions, especially in bachelor programs. Consequently,
teachers need to be aware of the fact that using English as the main language during courses
and evaluations can be a problem for students with dyslexia. As such, it could be argued that
students with dyslexia need to be provided with the chance to do the test in Dutch, if feasible,
or to make sure that questions and answer options are formulated clearly and accordingly.

Lastly, it is usually the case that students are asked to write more and to write longer
pieces of text as they progress through their bachelors and masters. As such, the challenges
for students with dyslexia tend to get bigger, as they perform worse on writing larger pieces
of text in both languages. This indicates that it is very important to closely monitor students
with dyslexia during their studies to see what type of difficulties they encounter and how they
can be helped. Moreover, with evidence based studies the assistance and guidance of students
could be improved. However, there is still a lack of these kind of studies.

6.3 Limitations and future directions
Although the current thesis has provided a deeper perspective on the manifestation of dyslexia
in higher education, many questions remain unanswered. As a thesis can only add so many
pieces to the puzzle, there are limitations to the research. In the next paragraphs, some of
these limitations and suggestions for further research are discussed.

6.3.1 Limitations

The students with dyslexia in the current study are considered high-functioning adults, in
comparison to the wider population of students and adults with dyslexia. Therefore, results
cannot be generalized to this overall population. For example, Bønnerop et al. (2019) have
shown that Danish university students and students from professional programs already
perform quite differently. Both groups performed comparable on the phonological tests,
however, the university students with dyslexia outperformed the professional program students
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on all reading and spelling measures. For future studies, it would therefore be interesting
to focus on a different sub-group of Dutch students with dyslexia, such as students with
dyslexia in post-secondary vocational education or students with dyslexia that do not choose
to study at all because of their reading and spelling problems. The results of these groups of
students can be compared to the results of university students or students from professional
science programs, (i.e., higher education). This results in an overview of the abilities of several
subgroups of post-secondary education students with dyslexia, providing us with the strengths
and weaknesses of each group of students with dyslexia.

Another limitation of the study concerns the matching procedure of the participants. The
goal was to match a student with dyslexia to a control student on age, gender and field of
study. In the case of eight out of the sixty student pairs, it was however not possible to
match them perfectly to one another on either field of study or age, though we tried to do
this as closely as possible. To illustrate, in one student pair, a student from human movement
sciences could not be paired to another student from human movement sciences. As we tried
to match them as closely as possible, we decided to stay in the same group of studies, for
example, within arts or medicine. Therefore, this student from human movement sciences
was paired to a medical science student. In the case of age, a few students were slightly older
or younger than their match. As long as they were in the same year of the same study (e.g.,
second year bachelor student), we still matched them to one another. Although it is unclear
what the consequence of our matching procedure is, we do not expect large differences in the
results in the case of perfectly matched student pairs.

There are also some limitations regarding the reading comprehension materials and the
design. First, students were not tested on each of the L1 and L2 test types (e.g., both L1
TF and L1 summary writing). Instead, half of the students with dyslexia and half of the
control students were assigned to the conditions L1 TF questions and L2 summary writing,
whereas the other half was assigned to L2 TF questions and L1 summary writing. With this
design, only between-group analyses were possible. We do, however, believe that a within-
group design would have been a better fit for the overall study, but the complete protocol
for testing was already quite extensive. Although we believe that between-group analyses are
sufficient to identify the differences between students with and without dyslexia, we argue
that we have potentially missed out on some aspects of reading comprehension regarding the
use of different test types.

Secondly, students were generally tested on short reading comprehension tests, which
might not have been sufficient to find the subtle differences in reading comprehension
performance between the two groups we aimed for. Adding a longer, more complex text would
have potentially have enabled us to deepen our knowledge about the reading comprehension
performance of students with dyslexia.

Thirdly, multiple choice questions were not tested within this thesis, which could be argued
as a serious limitation, as it is one of the most important test types in Dutch higher education.
Therefore, we do not have a complete overview of the different test types that are used in
higher education and thus no overall conclusion can be provided regarding the use of different
test types, although we made an assumption in subsection 6.1.3. Moreover, in the study
reported in Chapter 4, the number of questions asked after both texts was limited, which
could have caused a potential problem in statistical power. Therefore, these results should be
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interpreted with caution, as it could be the reason why we did or did not find any differences
between the students with dyslexia.

Additionally, the method that we used for the implementation of text-to-speech software
might not have been ideal, as students were not familiar enough with text-to-speech software.
Therefore, an idea for a future study regarding text-to-speech software can be found below.

A final limitation of the current thesis is that it is difficult to pinpoint the difficulties
regarding English as an L2 for higher education students with dyslexia. It remains, for
example, unclear whether the reported difficulties in English are caused by the fact that
English is their L2 or whether it is specifically caused by the fact that English orthography is
much more opaque than Dutch orthography. Although this issue is beyond the scope of the
current study, we could have solved this problem if we had also included a more transparent
L2, such as French or German. As such, it would have been easier to find out whether
students with dyslexia have actual L2 learning problems or experience problems with opaque
orthographies in general.

6.3.2 Suggestions for future research

Although the findings from Chapter 4 indicate that students with dyslexia as a group did not
benefit from the use of software in both languages, we believe that text-to-speech software
can be a helpful tool for some students with dyslexia, if they invest time in the application
of software. As reported by Chen and Keong (2017) and Conklin et al. (2020), personal
preferences and exposure appear to play a large role in reading and reading for comprehension.
Our data seem to support this notion as a great degree of variation between the students with
dyslexia was observed. To study if text-to-speech software is indeed a helpful tool, we propose
a new experimental setup for a future study. The aim of such a study would be to closely
monitor the application, as well as the use of the software by the student. This could take the
form of first testing the students with dyslexia and control students in a pre-test, measuring
their baseline reading comprehension skills with and without the addition of text-to-speech
software. This pre-test would be followed by a training session in which they would learn how
to use the software properly and to optimize the different features of text-to-speech software,
such as the reading aloud pace in both L1 and L2. This would be followed up by a few weeks
of individual practice to apply the software at home for the purpose of their studies. A post-
test could help to identify whether the students are able to work with the software properly,
indicating whether the reading comprehension of students with dyslexia has improved by the
use of software. Controlling for the level of knowledge about the software in such a way would
ensure the proper measurement of the effect of the software on reading comprehension results.

Not using multiple choice questions as a possible test type and short reading comprehension
tests were proposed as a limitation of this thesis. In a follow-up study, both issues could be
solved. It would be valuable to test multiple choice questions alongside TF questions and
open questions. Participants with and without dyslexia could be asked to read a longer text.
Next, participants would be asked to answer one type of the questions (i.e., between groups)
or to be tested on types of questions (i.e., within groups and between groups). Hence, this
type of study would increase our knowledge on the use of different test types, as well as on
the use of longer texts.
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In relation to Chapter 5, it would also be worthwhile to study the type of spelling errors
that students with and without dyslexia make during word dictation tests and in summary
writing in Dutch and English. The type of spelling errors most commonly made in Dutch could
be compared to the spelling errors that are most commonly made in English. Additionally,
spelling errors that are made in a word dictation test by students with dyslexia could be
compared to spelling errors made on a summary writing test or in a free-writing sample, as
word dictation is fairly different from a writing sample. By doing so, we could further explore
the differences between the orthographies of Dutch, their L1, and English, their L2, as well
as the differences between L1 learning and L2 learning.

The problems that students with dyslexia encounter do persist after they receive their
higher education diploma. For future research, it would be useful to conduct a follow-
up study to research the work experiences of graduated students with dyslexia. Potential
research questions that could be answered are: What type of problems do adults with
dyslexia encounter in their working life? And: Are the problems that adults with dyslexia
encounter during their working life different from the problems they encountered during higher
education? Both the results derived from this thesis, as well as the follow-up study results
could be used for a comparison to explore whether and how the cognitive profiles of people
with dyslexia change over the course of their adult life.

Another suggestion for future research is related to the differences in the manifestation
of dyslexia in transparent versus opaque orthographies and L2 learning. Reis et al. (2020)
conducted a meta-analysis showing that orthographic transparency has a significant effect
on the manifestation of dyslexia, such that dyslexia symptoms are more marked in opaque
orthographies. In this thesis, it was shown that Dutch higher education students with dyslexia
clearly present more difficulties in English, more so than for the control group. The question
that remains is whether these problems are more visible in English because English is their L2
or whether these problems more visible because the manifestation of dyslexia is more present
in opaque orthographies. A future study could look into this matter and try to tear apart
L2 learning versus level of transparency, which could be a valuable addition to the existing
research of Reis et al. (2020) and this thesis.

The final suggestion for future research is related to the last limitation reported in section
6.3.1 regarding the difficulty to disentangle general difficulties in L2 from difficulties with
L2 reading and writing specifically. A future study could look into this matter and study
more aspects of L2 learning, such as grammar, phonology, morphology and oral language
comprehension, to investigate the differences between students with and without dyslexia
on more general language aptitude. Additionally, the use of another L2, such as French or
German (e.g., both languages with a more transparent orthography), could also be taken into
account, to study the differences within several L2s.

6.4 General conclusions

Based on the overall results of the studies that are reported in this thesis, several conclusions
can be drawn. It was shown that dyslexia is a persistent learning disability that remains
to exist in adulthood. Major word reading and word spelling problems were reported for
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Dutch higher education students with dyslexia, for both Dutch, their L1, and English, their
L2. The Flamingo Test, which is a new diagnostic instrument, was validated and added to
the diagnostic protocol, helping us to understand the primary reading problems of higher
education students with dyslexia.

It can also be concluded that the impact of dyslexia is not limited to word reading and
word spelling problems. Students with dyslexia show limited working memory and language
proficiency in L1 and L2, as well as a poorer reading comprehension and writing performance.
Well-developed reading comprehension and writing skills are of particular importance to
higher education, because many materials have to be read and studied, notes have to be
taken during lectures, and written assessments form the basis for many evaluations and exams.
Reading comprehension performance and writing were most affected in English, their L2, for
students with dyslexia. For reading comprehension in English, it was shown that students
with dyslexia perform worse than control students on all measured aspects, (i.e., answering TF
and open questions, and summary writing), while it was shown for Dutch that only summary
writing was reported as significantly different. Students without dyslexia, however, do not
show these large differences between English and Dutch, indicating that offering courses or
even complete programs to students with dyslexia could potentially hamper their progress in
higher education. One specific tool to assist students with dyslexia, namely text-to-speech
software, was also investigated. Although using text-to-speech software as a stand-alone tool
did not provide an overall positive reading effect for students with dyslexia, we argue, on the
basis of the individual differences within this group of students, that it could be a beneficial
tool for students with dyslexia if they are taught how to use it in the correct way.

6.5 References

Bonnerup, K. H., Pedersen, A. L., Weed, E., & Parrila, R. (2019). Differences in the literacy
skills of Danish dyslexic students in two types of higher education programmes. Dyslexia,
25 (2), 173- 189. https://doi.org/10.1002/dys.1617

Borleffs, E., Maassen, B.A.M., Lyytinen, H. & Zwarts, F. (2017). Measuring orthographic
transparency and morphological-syllabic complexity in alphabetic orthographies: a
narrative review. Reading and Writing 30, 1617–1638. https://doi.org/10.1007/s11145-
017-9741-5

Borleffs, E., Maassen, B. A. M., Lyytinen, H., & Zwarts, F. (2019). Cracking the
Code: The Impact of Orthographic Transparency and Morphological-Syllabic
Complexity on Reading and Developmental Dyslexia. Frontiers in Psychology, 9,
2534. https://doi.org/10.3389/fpsyg.2018.02534

Callens, M., Tops, W., & Brysbaert, M. (2012). Cognitive profile of students
who enter higher education with an indication of dyslexia. PloS ONE, 7 (6),
https://doi.org/10.1371/journal.pone.0038081

130



CHAPTER 6: GENERAL DISCUSSION AND CONCLUSIONS

Cavalli, E., Casalis, S., El Ahmadi, A., Zira, M., Poracchia- George, F., & Colé, P.
(2016). Vocabulary skills are well developed in dyslexic university students: Evidence
from multiple case studies. Research in Developmental Disabilities, 51/52, 89–102.
https://doi.org/10.1016/j.ridd.2016.01.006

Cavalli, E., Colé, P., Leloup, G., Poracchia-George, F., Sprenger-Charolles, L., & El Ahmadi,
A. (2018). “Screening for dyslexia in French-speaking university students: An evaluation
of the detection accuracy of the Alouette test.” Journal of Learning Disabilities, 51 (3),
268–282. https://doi.org/10.1177/0022219417704637

Chang, A. (2009). Gains to L2 listeners from reading while listening vs. listening only in
comprehending short stories. System, 37, 652-663. https://doi.org/10.1016/j.system.
2009.09.009.

Chen, C. J., & Keong, M. W. Y. (2017). Affording inclusive dyslexia-friendly
online text reading. Universal Access in the Information Society, 16 (4), 951-965.
https://doi.org/10.1007/s10209-016-0501-0

Chenoweth, N. A., & Hayes, J. R. (2001). Fluency in Writing: Generating Text in L1 and L2.
Written Communication, 18 (1), 80–98. https://doi.org/10.1177/0741088301018001004

Coleman, C., Gregg, N., McLain, L., & Bellair, L. W. (2009). A Comparison of Spelling
Performance Across Young Adults With and Without Dyslexia. Assessment for Effective
Intervention, 34 (2), 94–105. https://doi.org/10.1177/1534508408318808

Conklin, K., Alotaibi, S., Pellicer-Sáncez, A., & Vilkaitė-Lozdiendė, L. (2020).
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