
 

 

 University of Groningen

The impact of dyslexia in higher education
Rouweler, Liset

DOI:
10.33612/diss.190485392

IMPORTANT NOTE: You are advised to consult the publisher's version (publisher's PDF) if you wish to cite from
it. Please check the document version below.

Document Version
Publisher's PDF, also known as Version of record

Publication date:
2021

Link to publication in University of Groningen/UMCG research database

Citation for published version (APA):
Rouweler, L. (2021). The impact of dyslexia in higher education. [Thesis fully internal (DIV), University of
Groningen]. University of Groningen. https://doi.org/10.33612/diss.190485392

Copyright
Other than for strictly personal use, it is not permitted to download or to forward/distribute the text or part of it without the consent of the
author(s) and/or copyright holder(s), unless the work is under an open content license (like Creative Commons).

The publication may also be distributed here under the terms of Article 25fa of the Dutch Copyright Act, indicated by the “Taverne” license.
More information can be found on the University of Groningen website: https://www.rug.nl/library/open-access/self-archiving-pure/taverne-
amendment.

Take-down policy
If you believe that this document breaches copyright please contact us providing details, and we will remove access to the work immediately
and investigate your claim.

Downloaded from the University of Groningen/UMCG research database (Pure): http://www.rug.nl/research/portal. For technical reasons the
number of authors shown on this cover page is limited to 10 maximum.

Download date: 24-05-2023

https://doi.org/10.33612/diss.190485392
https://research.rug.nl/en/publications/bf8d16d1-12cf-46b7-b2b6-1b00874523b0
https://doi.org/10.33612/diss.190485392


CHAPTER 4

Determining factors in academic reading comprehension performance for
higher education students with and without dyslexia

Abstract
Students with dyslexia have difficulties with word reading fluency, which directly affects
reading comprehension, one of the most important skills for students in higher education. In
this study, we investigate the L1 (Dutch) and L2 (English) academic reading comprehension
performance of higher education students with dyslexia and compared this performance to
that of a matched control group. The use of text-to-speech software, a tool to read aloud
digital text materials, was integrated in our design to study the effectiveness of this type of
software for students with dyslexia. Participants were presented with two short academic
texts, and were asked to answer open questions afterwards. Additionally, we assessed word
reading, L1 and L2 language proficiency, and L1 and L2 print exposure. In L1, both groups of
student groups performed equally well on reading comprehension. The use of text-to-speech
software was of no influence. As for reading comprehension in the L2, students with dyslexia
performed significantly worse than the matched control group. Surprisingly, the use of
text-to-speech software had a slightly negative effect on the reading comprehension scores of
students with dyslexia in comparison to their non-dyslexic peers. However, the results based
upon the use of text-to-speech software show large individual differences. Notwithstanding
our formal results, we believe that some students with dyslexia may still benefit from this
software provided if they learn how to use it in the correct way and gain enough experience
using it.

Keywords: Dyslexia, Reading, Reading Comprehension, Higher Education, Language
proficiency, Text-to-speech Software
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CHAPTER 4: DETERMINING FACTORS IN READING COMPREHENSION

4.1 Introduction

Reading comprehension is one of the most important skills in higher education (Onwuegbuzie
& Collins, 2002). It is well known that high quality reading skills are required for higher
education programs, because academic texts can be long, syntactically and semantically
complex, and usually contain abstract or technical language and new terminology (Pedersen
et al., 2016). It is therefore not surprising that reading comprehension seems a significant
predictor of first-year undergraduate grades, as was shown by Felton et al. (1990).

Reading comprehension can be defined as ““integrating the reader’s understanding of text
with the reader’s prior knowledge and applying new knowledge to novel learning situations”,
or in this case higher education (Faggella-Luby & Deshler, 2008, p. 234). It is a complex
skill in which different linguistic subskills, such as word reading and phonological awareness,
and non-linguistic subskills, such as working memory, play a central role (Faggella-Luby &
Deshler, 2009; Meixner et al., 2019).

4.1.1 Reading comprehension and dyslexia

In order to be successful in text comprehension you need to be able to adequately and
fluently decode words and texts. A group of students that is known for having poor word
reading accuracy and fluency are students with dyslexia (Stichting Dyslexie Nederland (SDN),
2016). The main problem for higher education students with dyslexia that also experience
reading comprehension problems seems that they necessarily focus on decoding the words
and texts, and consequently miss out on (parts of) the meaning (Simmons & Singleton,
2000). Therefore, reading comprehension difficulties are named as an important secondary
consequence of dyslexia (SDN, 2016). However, not all higher education students with dyslexia
encounter reading comprehension problems or to the same extent, because dyslexia is quite a
heterogeneous disorder (Van Setten et al., 2017). Moreover, word reading is not the only skill
related to reading comprehension performance. General knowledge, listening comprehension,
vocabulary and working memory, to name a few, are also reported to be influential factors for
successful reading comprehension (Miller, Miller et al., 2006; Ransby & Swanson, 2003). In
fact, both Miller et al. (2006) and Ransby and Swanson (2003) argue that the combination of
different processes is the best predictor of reading comprehension outcome. As such, it was
suggested that no single cognitive process dominates other processes in reading comprehension
(Miller, Cohen et al., 2006; Ransby & Swanson, 2003).

Simmons and Singleton (2000) studied the reading comprehension performance of
university students with dyslexia and that of a control group. Students were instructed to
read a 665 words text followed by some literal and inferential questions. The students with
dyslexia performed worse on answering these inferential questions, but not on answering literal
questions, indicating problems in making text inferences rather than in reading accuracy. A
similar study was carried out by Pedersen et al. (2016) in which students were asked to retell
a story after reading. The authors showed that students with dyslexia have more difficulties
in retelling stories and making inferences, rephrasing, and giving additional information about
a text than peers without dyslexia. Both studies thus provide evidence that students with
dyslexia have issues with at least some aspects of reading comprehension, such as making
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inferences and retelling stories. These problems with inference making could most likely be
traced back to an impaired working memory and poor language proficiency skills (Bizama et
al., 2019; Elbro et al., 2011).

What also can cause additional difficulties in reading comprehension in higher education
is the fact that students often have to read texts in other languages than their native language
(L1). It is generally accepted that people have more exposure and better language proficiency
skills in their first language (L1) than in their second language (L2). This may cause difficulties
in L2 reading comprehension, because if not all words in the text are understood, the reader
can miss out on parts of the meaning at sentence, or global text level. Alternatively, in case
of word decoding problems, L2 adds an extra layer of difficulty as unknown words are read
slower, and/or incorrectly. Consequently, L2 reading comprehension can be expected to be
even more demanding than L1 reading comprehension for students with dyslexia compared
to students without dyslexia (see e.g., Droop & Verhoeven, 2003; Elbro et al., 2011; Hedman,
2012; Miller-Guron & Lundberg, 2000).

Few studies have however examined dyslexia in a L2. The study of Miller-Guron and
Lundberg (2000) was a notable exception and showed that most students with dyslexia are
less proficient in L2 language and L2 reading comprehension. Contrary to the former notion
of added L2 difficulties, Miller-Guron and Lundberg (2000) also showed that some students
with dyslexia obtained similar scores in L1 and L2 for both language proficiency and reading
comprehension. According to the authors these students had a preference to read in their L2
(English) and thus it was suggested that enough exposure and positive early experiences with
L2 can in fact negate some of the negative effects of dyslexia in this language.

Summarizing, it was shown that higher education students with dyslexia are dealing
with primary consequences of dyslexia, such as word reading difficulties, and also secondary
consequences, such as reading comprehension difficulties, which could affect their academic
career. However, given the inconclusive results in the literature, as well as the fact that
students with dyslexia are quite regularly confronted with L2 in higher education, there is
need for more evidence concerning the reading comprehension skills of Dutch higher education
students with dyslexia. Therefore, the first goal of the present study is to see if there are
differences between students with and without dyslexia on Dutch (L1) and English (L2)
reading comprehension performance.

4.1.2 Text-to-speech software

As a second goal, the present study aims to evaluate a tool, named text-to-speech software,
that has the potential to support higher education students. Text-to-speech software is a
frequently used tool that reads aloud digital text materials (MacArthur, 2009; MacArthur &
Cavalier, 2004; Wood et al., 2017). This type of software is therefore used to help students to
optimize their word reading skills, their reading comprehension skills (Wood et al., 2017) and
even their writing skills (MacArthur & Cavalier, 2004). For example, when students can listen
to their self-written texts, they can often identify writing or spelling errors that would not
have been identified by reviewing whilst reading. The purpose of this reading software is thus
to transfer written texts into spoken texts, thereby offering the facility to read and listen at
the same time (Staels & Van den Broeck, 2014). Without this kind of support students with
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dyslexia need more attention to stay focused on decoding the text. Hence, less attention can
go to the comprehension of the text (MacArthur, 2009; Simmons & Singleton, 2000; Wood et
al., 2017). Presenting a text orally during reading removes the need to decode the text fully
(Claroread, 2016; Staels & Van den Broeck, 2014) and thus assists students with dyslexia in
the reading comprehension process. Different parameters of this software can be adapted by
the user, for example voice type, speaking rate and high-lightening of the text during reading,
to make it more made-to-measure (Claroread, 2016).

Studies showing the effectiveness of this type of text-to-speech software or other audio
support are still rather scarce and do not provide consistent findings (Chen & Keong, 2017;
Strangmann & Dalton, 2006; Staels & Van den Broeck, 2014; Stetter & Hughes, 2010; Wood
et al., 2017). Chen and Keong (2017), for example, reported both positive and negative
reactions to the use of audio support by adolescents with and without dyslexia (age range
14 to 18 years old), with an overall tendency to positive. The authors give as an advice to
give students with dyslexia the option to use text-to-speech software as a compensatory tool.
In addition, Wood et al. (2017) conducted a meta-analysis on the effects of text-to-speech
software on reading comprehension in students with reading difficulties. According to their
study, audio support positively influences reading comprehension but the average weighted
effect sizes is small (d = .35). This indicates that audio support only slightly assists students
in their reading comprehension or is only beneficial for a small subgroup of students with
dyslexia. Staels and Van den Broeck (2014) argued that text-to-speech software even has a
clear negative effect on young children who are still in their early phase of learning to read,
because these young learners have not yet automatized decoding skills and as a consequence
only tend to listen to the text instead of also actively reading it. In a way, these early phase
readers have some similarities with L2 readers with dyslexia in a sense that they are not fully
proficient and fluent in L2 reading.

Some studies have however shown that listening whilst reading is especially helpful in L2
learning. Chang (2009), for example, demonstrated a better understanding of the text for L2
learners after reading-while-listening rather than reading-only. Similar results were found in
a recent study by Conklin et al. (2020). Conklin and colleagues (2020) demonstrated that
reading is usually a bit behind audio, which could therefore assist in the process of reading
comprehension.

4.1.3 Present study

Studies have demonstrated that higher education students with dyslexia perform poorer on
some aspects of reading comprehension, such as answering large open questions and inferential
questions, in both L1 and L2. Text-to-speech software could potentially assist students
with dyslexia in reading pace and reading comprehension, but the results to date are still
inconclusive. For this reason, we set up a new study combining reading comprehension
performance of higher education students with dyslexia in L1 and L2 and the use of text-
to-speech software, resulting in the following two research questions:

1. Do diagnosis and language (L1 versus L2) influence the outcome on academic reading
comprehension of students with dyslexia, while controlling for word decoding, language
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proficiency and print exposure?

2. Does text-to-speech software significantly relate to the outcome of students with dyslexia
on academic reading comprehension in L1 and L2 (English)?

By studying a group of higher education students with dyslexia, and comparing them to a
group of control students matched on age, gender and field of study, we are able to test their
performances on reading comprehension in both L1 and L2. Previous research reported that
students with dyslexia at least show difficulties with some aspects of reading comprehension
such as inference making, retelling stories and writing summaries (Pedersen et al., 2016;
Simmons & Singleton, 2000). Moreover, reading comprehension difficulties were found to be
more prominent in L2 than in L1, especially when L2’s orthography is less transparent than
L1’s (Miller-Guron & Lundberg, 2000).

For the first research question it is hypothesized that both diagnosis (i.e., being dyslexic
or not), and language (i.e., L1 or L2), influence the outcome on reading comprehension
performance of students with dyslexia. It is expected that students with dyslexia will perform
worse on reading comprehension in both L1 and L2, especially on inferential questions. At the
same time, it is expected that all participants will perform worse on L2 reading comprehension
compared to L1 reading comprehension. We also predict an interaction between diagnosis and
language. Additionally, decoding, language proficiency and print exposure are expected to
influence the outcome on reading comprehension. As for the second research question, it is
hypothesized that text-to-speech software will slightly positively assist students with dyslexia
in reading for comprehension in both L1 and L2, therefore an interaction is expected between
software and diagnosis (Chen & Keong, 2017; Wood et al., 2017).

4.2 Methods

4.2.1 Participants

The same 60 students with dyslexia (38 female; mean age 21;5 years old; age range 18-29
years old) and 60 controls (38 female; mean age 21;4 years old; age range 18-27 years old)
matched on age, gender and field of study (see for a complete demographic overview of the
participants, Table 3.1 in Chapter 3), as in the previous chapter participated in this study.
The students with dyslexia were required to present a certificate of a dyslexia diagnosis. To
validate their diagnosis, students with dyslexia should have (sub)clinical scores (< pc 10) on
a word reading test (LEMs; Tops et al., 2019) and/or a pseudoword reading test (Klepel; Van
den Bos et al., 1994.) and/or a word spelling test of the GL&SCHR (Depessemier & Andries,
2009). After this validation procedure, one student with dyslexia together with his matched
control were excluded from the study.

Students were recruited from bachelor and master programs from both university and
applied science programs in the Netherlands, mostly from the northern parts of the
Netherlands. None of the students reported neurobiological deficiencies and all students had
normal or corrected-to-normal vision. Moreover, all students were native speakers of Dutch
with English as their L2. This study was approved by the Faculty of Arts of the University
of Groningen.
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4.2.2 Reading and reading comprehension materials

Klepel

The Klepel (Van den Bos et al., 1994) is a Dutch pseudo-word reading test consisting of 116
pseudo-words. To avoid ceiling effects, the test was administered in one minute instead of
two minutes. Participants were instructed to read as many pseudo-words as accurately and
as quickly as possible within one minute.

Academic texts

Academic reading comprehension was tested with a L1 and L2 text (see Appendix C for the L1
and L2 texts). Both texts covered a topic in the field of psychology and were of similar length
allowing for a comparison. Dutch academic reading comprehension was covered using a text
calledMythes over onbewuste processen (Myth busting: is unconscious processing dangerous?).
The text was selected from a Dutch psychology book (Brysbaert, 2014; Vander Beken et
al., 2020). The topic of the text is subconscious processing and discusses experiments with
subliminal messages. The text is 537 words long and was presented on a computer screen in
Times New Roman 12 with line spacing at 1.5 and Word screen settings set at a level of 100
%.

English academic reading comprehension was covered with a text called The experiments of
Zajonc and colleagues. The text was also selected from an English psychology book (Brysbaert
& Rastle, 2009; Van der Beken et al., 2020). The text discusses several experiments about
semantic priming and is 488 words long. Settings were the same as for the Dutch text.

Participants were also instructed to raise their hand when they completed reading the text
for the first time, using this measure to calculate the words read per minute.

Answering mode

Three open questions (see Appendix C. for the questions and scoring forms) were formulated
based on each academic text and the maximum rewarded score was 5 points per text (Vander
Beken et al., 2020). Each test contained one reproductive question (e.g., “What is semantic
priming?”) with a maximum score of 1, and two inferential questions that required more
applied reasoning (e.g., “Do you expect that the same results will be found in a group
of participants that are forced to participate in the study you just read about”?) with a
maximum score of 2 points per question.

The total score for RC was measured per participant and per language as well as the RC
score per question. Lastly, the total time it took participants to read the text and to answer
the open questions were also calculated.

Text-to-speech software

Text-to-speech software was added to both texts as a compensatory aid (Claroread, 2016).
Claroread software can read aloud any text on a computer and can also be used to correct
written texts. It is furthermore developed for users of all ages and the usage of the program is
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easy to learn. Lastly, it works on Windows and Mac and it includes several language options
among which Dutch and English.

Prior to the task, participants were allowed to adapt reading speed, varying from really
slow to really fast. Also, participants could set speaker’s voice, involving two options per
language, to their own preference. They were given a few minutes to try this out on a short
example text; most students, with or without dyslexia, needed 1 to 2 minutes.

Half of the participants with dyslexia received the audio support for the L1 text, whereas
the other half of the participants with dyslexia read the L2 text with the support. Matched
controls received the same version as their peer with dyslexia allowing for an easy comparison.

Procedure

Participants were given seven minutes to read and study each text. Participants were asked to
raise their hand when they completed reading the text for the first time. After this point, they
were allowed to read (parts of) the text again until the seven minutes were over. Those who
read the text with Claroread software were asked to keep using this software whilst re-reading
parts.

4.2.3 Assessment of language proficiency and print exposure

Print exposure

Prior to the assessment, participants were asked to fill in a background questionnaire with
questions about print exposure for Dutch and English (e.g., “How many Dutch/English books
did you read the last few months?”; “Do you have problems with subtitles when watching
a movie?”). Participants were provided with a multiple-choice format and were given five
answer options per question varying per question. Total maximum points was 20 for L1 and
25 for L2.

Vocabulary

Dutch vocabulary was measured using a 75-item Dutch vocabulary test for higher education
students (Vander Beken et al., 2017). Participants were provided with a multiple-choice
format with four answer options per item. The test was filled in by the participant on a test
computer and took approximately 15 minutes to complete. The number of correct responses
was presented at the end of the test and correct items were rewarded with 1 point and
maximum total score was 75.

English vocabulary was measured with the English LexTALE (Lemhöfer & Broersma,
2012), which is a lexical decision test. The test contains 40 English words of various difficulty
levels and 20 non-words, based on the phoneme-grapheme rules of English. Participants were
asked to judge whether a presented word was an existing word or not. Correct items were
rewarded with 1 point and the total maximum score was 60.
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C-test

The c-test (Keijzer, 2013) is a variant of the traditional cloze test, which is a text with gaps
that have to be filled in by the participant. Cloze tests are believed to tap into overall language
proficiency, such as grammar and vocabulary knowledge.

Participants were given three short texts for both L1 and L2 with 20 gaps each. In every
text, the first sentence of the text remained intact to give an introduction to the topic of the
text. Participants were given a time limit of 5 minutes per text.

The maximum score for each text is 20. The total maximum score is 60. Spelling errors
were tolerated and alternatives, such as ‘obese’ for ‘obesity’, were also marked as correct and
were rewarded with 1 point.

4.2.4 Statistical analyses

Data were analyzed using R (R Core Team, 2013). To characterize the groups, Diagnosis
was taken as the independent variable for all tests. Word reading, language proficiency and
print exposure were assessed as control variables. These scores were evaluated with a One-
way ANOVA with Diagnosis as the independent variable and word reading OR language
proficiency OR print exposure score as the dependent variable.

For reading comprehension (RC), Diagnosis and Text-to-Speech software were added as
independent variables. RC score OR Reading time OR Answering Time were added step-wise
as dependent variables and also per language, L1 or L2. The outcomes were controlled for
word reading, language proficiency and print exposure. A Two-way ANCOVA was conducted
to compare the RC scores of both groups and the effectiveness of text-to-speech software for
students with and without dyslexia. Preliminary checks were conducted to ensure that there
was no severe violation of the assumptions of normality, linearity, homogeneity of variances,
and reliable measurement of the covariate.

In addition, we tested the interactions between Diagnosis and Language with a Two-way
ANOVA, to see if students with dyslexia perform worse on L1 or L2. Lastly, we presented
correlations between the control variables and RC outcomes of both groups of students.

4.3 Results

4.3.1 Control variables: word reading, language proficiency and print
exposure

Since we are controlling for word reading, language proficiency and print exposure in L1
and L2 RC, mean scores, standard deviations, p-values and effect sizes of these variables are
reported in Table 4.1. Scores were evaluated with a One-way ANOVA.
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Table 4.1: Word reading, language proficiency and questionnaire results

(Dys n = 59) (NonDys n = 59)
M SD M SD p d

Word reading
Klepel 39.8 7.2 50.0 4.7 <.001* 2.9

Language proficiency
L1 Vocabulary 54.0 9.4 62.4 10.6 <.001* 0.84
L2 Vocabulary 68.8 10.3 75.8 12.7 <.001* 0.61

L1 C-test 43.2 5.7 50.2 4.7 <.001* 1.34
L2 C-test 30.5 7.7 39.1 7.8 <.001* 1.11

Print Exposure
L1 Print Exposure 11.6 4.0 11.1 3.0 .437 -.14
L2 Print Exposure 12.3 3.6 12.4 3.7 .823 .03

Note. L1/L2 Vocabulary = score on vocabulary test [Max. = 100], L1/L2 C-test =
score on c-test [Max. = 60]; L1 Print Exposure = total score on L1 print exposure
[Max = 20]; L2 Print Exposure = total score on L2 print exposure [Max. = 25]; *p <
.001; Dys = dyslexia group; NonDys = control group; d = Cohen’s d.

Students with dyslexia performed significantly worse on word reading, F(1, 118) = 15.400,
p < .001. For language proficiency it was shown that students with dyslexia performed
significantly worse on L1 vocabulary, F(1, 118) = 17.032, p < .001, and on the L1 c-test,
F(1, 118) = 42.843, p < .001. The same holds for L2 language proficiency: students with
dyslexia performed significantly worse on L2 vocabulary, F(1, 118) = 11.012, p = .001, and
the L2 c-test, F(1, 117) = 27.805, p < .001. Print exposure however did not show a significant
difference for neither L1, F(1, 118) = 0.635, p = .427, nor L2, F(1, 118) = 0.212, p = .646.

4.3.2 L1 Reading comprehension

Mean scores, standard deviations and p-values for within-group differences (i.e., differences
within the group of students with dyslexia or within the group of matched controls with regard
to software), can be found in Table 4.2 for L1 RC. Within group results were evaluated with a
One-way ANOVA. Next, a Two-way ANCOVA was conducted, controlling for word decoding,
language proficiency and print exposure, to compare the RC scores of both groups and the
effectiveness of text-to-speech software for students with dyslexia and non-dyslexic students.
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Table 4.2: Reading comprehension descriptive statistics L1

Dys NonDys
Support No support Effect of

support
Support No Support Effect of

Support
M SD M SD p M SD M SD p

L1 RC
Words per minute 156 17.7 157 35.8 .869 160 37.9 219 59.2 .004*

RC score 3.5 1.0 3.4 1.0 .814 3.9 0.9 3.8 0.7 .875
Question 1 (inf) 1.6 0.6 1.5 0.6 .877 1.6 0.7 1.8 0.4 .729
Question 2 (inf) 1.6 0.6 1.6 0.6 .997 1.7 0.5 1.8 0.5 .931
Question 3 (lit) 0.2 0.4 0.3 0.4 .969 0.6 0.5 0.2 0.4 .011*

Answ. time 210 79 240 69 .480 238 84 232 74 .998
Note. * p < .05 (within groups with regard to the use of software); words per minute = number of words
read per minute; RC score = reading comprehension score [Max. = 5]; question 1 (Inf) = inferential
question, question 2 (Inf) = second inferential question, question 3 (lit) = literal question, answ. time
= answering time in seconds.

Controlling for L1 language proficiency, L1 print exposure and word reading, no main
effects on the total RC score in L1 were found for Diagnosis, F(1, 112) = .084, p = .772,
or Software, F(1, 112) = 0.123, p = .726. In terms of the covariates, L1 Vocabulary, F(1,
112) = 6.368, p = .013, and L1 C-test, F(1, 112) = 4.309, p = .040, were significantly
related to L1 RC outcome. The covariate word reading was not significantly related. These
results demonstrate that no differences were found between the students with and without
dyslexia, and that none of the groups benefit from the use of text-to-speech software in L1.
Consequently, no significant interaction was found between diagnosis and the use of text-to-
speech software for L1 RC, F(1, 111) = .392, p = .533, Additionally, no differences were found
between the two groups on the separate questions.

Regarding Words Read per Minute (WRpM) in L1, a main effect was found for Software,
F(1, 112) = 10.779, p = .001, but not for Diagnosis, F(1, 112) = .001, p = .772. No interaction
effects were found. The covariate word reading was significantly related to number of WRpM,
F(1, 112) = 9.568, p = .002. This demonstrates that students with poor word decoding skills
(i.e., students with dyslexia, read fewer words per minute than students who have good word
decoding skills). Interestingly, control group students who read the text without software
read the text faster than control group students who read the text with software.

Comparing answering times between the students with dyslexia and students without
dyslexia, no significant differences were found.

4.3.3 L2 Reading comprehension

Mean scores, standard deviations and p-values for within-group differences can be found in
Table 4.3 for L2 RC. Within group results (i.e., within the group of students with dyslexia or
matched control group), the effect of software was evaluated with a One-way ANOVA. Again,
a Two-way ANCOVA was conducted to assess the effectiveness of text-to-speech software for
students with and without dyslexia in L2 RC.
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Table 4.3: Reading comprehension descriptive statistics L2

Dys NonDys
Support No support Effect of

support
Support No Support Effect of

Support
M SD M SD p M SD M SD p

L2 RC
Words per minute 153 18.4 133 27.8 .023* 168 26.1 187 63.4 .140

RC score 1.3 1.1 2.6 1.3 .003* 3.4 1.3 3.4 1.1 .999
Question 1 (inf) 0.7 0.7 1.2 0.7 .029* 1.5 0.6 1.5 0.6 .997
Question 2 (inf) 0.3 0.5 1.2 0.7 .011* 1.4 0.7 1.2 0.7 .906
Question 3 (lit) 0.3 0.5 0.5 0.5 .770 0.6 0.5 0.7 0.5 .599

Answ. time 242 74 287 142 .391 255 70 270 108 .961
Note. * p< .05; words per minute = number of words read per minute; RC score = reading comprehension
score [Max. = 5]; question 1 (Inf) = inferential question, question 2 (Inf) = second inferential question,
question 3 (lit) = literal question; answ. time = answering time in seconds.

Controlling for language proficiency, print exposure and word decoding, a main effect on
L2 RC score was found for Software, F(1, 110) = 8.733, p = .004, but not for Diagnosis, F(1,
110) = .260, p = .611. The covariate word reading was significantly related to the L2 RC
score, F(1, 110) = 13.172, p < .001. In addition, a significant interaction (see Figure 4.1 for
more details) was found between Diagnosis and the use of Software for the RC score in L2,
F(1, 110) = 5.876, p = .017.

Figure 4.1: Reading comprehension score in English

A Bonferroni post-hoc analysis revealed that there was no effect of Software on the RC
score of the control students, p = .745. However, for the group of students with dyslexia
Software had an unexpected negative influence on their RC scores, p < .001, with a large effect
size of 1.08. Additionally, no differences were found on RC score between the dyslexia and
non-dyslexia group when not using the software, p = .101. However, a significant difference
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was found between the two groups when using the software, p < .001 with a large effect size
of 1.74.

With regard to number of WRpM in L2, no main effects were found for Diagnosis, F(1, 110)
= .911, p = .342, nor Software, F(1, 110) = .005, p = .942. The covariate word reading was
significantly related to number of WRpM, F(1, 110) = 4.639, p = .033. There was a significant
interaction (see Figure 4.2 for more details) between Diagnosis and the use of Software for
WRpM in L2, F(1, 110) = 9.610, p = .002. A Bonferroni post-hoc analysis revealed that
students with dyslexia read the text significantly faster if using support compared to students
with dyslexia that did not use it (p = .021) with a large effect size of .89. Lastly, no differences
were found on answering time between all groups.

Figure 4.2: Reading times in English

4.3.4 Differences between L1 and L2

Even though the L1 and L2 texts are not completely similar, they are built around the same
concept (see the Method section for detailed descriptions). We compared the number of
WRpM and RC scores across languages within both groups.

Results were evaluated with a Two-Way ANOVA. With regard to the RC score, main
effects were found for both Diagnosis, F(1, 233) = 39.450, p < .001, and Language, F(1, 233)
= 40.040, p < .001. There was also a significant interaction (see Figure 4.3 for more details)
between Diagnosis and Language, F(1, 233) = 12.250, p < .001. Post-hoc analyses revealed
that students with dyslexia performed worse on L2 RC than on L1, p < .001, which was not
the case for the control group, p = .175.

Regarding the number of WRpM, main effects were found for Diagnosis, F(1, 233) =
53.181, p < .001, and Language, F(1, 233) = 11.260, p < .001. However, no significant
interaction was found (see Figure 4.4 for more details) between Diagnosis and Language for
WrPM, F(1, 233) = .539, p = .463. Students with dyslexia read the texts slower than students
without dyslexia and participants in general read fewer words per minute in L2 than in L1.
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Figure 4.3: Reading comprehension score per language

Figure 4.4: Words read per minute per language

4.3.5 Correlations per group

Correlations between the different variables are analyzed. Correlations are divided in weak
(.30 > r < .50), moderate (.50 > r < .70) and strong (.70 > r < .90). The analyses were
conducted per group (i.e., dyslexia or non-dyslexia). Additionally, print exposure L1 was left
out because no worth-mentioning correlations were found with the RC scores. Furthermore,
vocabulary and c-test scores are combined as the language proficiency score.
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Table 4.4: Correlations in Dys group

1 2 3 4 5 6 7
Reading time L1 -.17 -.24 -.01 -.23 -.29* -.26

RC score L1 .031** -.10 .19 .15 .05
Language proficiency L1 .03 .14 .59** .14

Reading time L2 -.19 -.07 -.17
RC score L2 .36* .21

Language proficiency L2 .41*
Print exposure L2

Note. *p < .05; **p < .01.

For the dyslexia group we found a weak, significant correlation between the L1 RC score
and L1 language proficiency (r = .31), and between the L2 RC score and L2 proficiency (r
= .36). Another significant, weak correlation was found between L2 language proficiency and
L2 print exposure (r = .41). A moderate correlation was found between L1 and L2 language
proficiency (r = .59).

Table 4.5: Correlations in NonDys group

1 2 3 4 5 6 7
Reading time L1 -.06 -.27 .42** -.02 -.18 -.14

RC score L1 .33** -.32* .13 .18 .01
Language proficiency L1 -.26* .21 .17 .14

Reading time L2 -.03 -.05 .11
RC score L2 .01 .24

Language proficiency L2 .28*
Print exposure L2

Note. *p < .05; **p < .01.

For the control group we found a weak, significant correlation between the L1 reading
time and L2 reading time (r = .42), between the L1 RC score and L1 proficiency (r = .33).
No other noteworthy correlations were found.

4.4 Discussion

One of the most important skills in higher education is academic reading comprehension.
In this study, the academic reading comprehension performance of Dutch higher education
students with dyslexia was compared to that of a matched control group with the inclusion
of text-to-speech software as a possible compensatory tool. Our research questions involved
(1) the influence of diagnosis and language on reading comprehension performance, and (2)
the usefulness of text-to-speech software for students with dyslexia.

Not surprisingly, reading speed remains problematic for students with dyslexia in both
L1 and L2. The students with dyslexia in the current study read fewer words per minute
and therefore required significantly more time to read a full text than their matched peers,
which is in line with previous literature (Callens et al., 2012; Simmons & Singleton, 2002;
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Pedersen et al. 2016). In addition, both students with and without dyslexia read fewer words
per minute in L2 than in L1. Thus, from this perspective, no differences or interactions were
found between the two groups.

4.4.1 L1 reading comprehension performance

L1 academic reading comprehension performance did not yield any main effects or interaction
effects. This means that there are no differences between the group of students with dyslexia
and the matched control group on answering open questions after reading a short academic
text in L1. The text-to-speech software results are also important in this perspective, as no
main effects or interactions were found for L1 regarding the use of software. This means
that the use of text-to-speech software does not improve the performance of the dyslexia
group, nor the group with control students. Higher education students with dyslexia do
not seem to need this type of software to perform similarly to students without a learning
disability.We need to add an important remark however. The group of students with dyslexia
included in this study are a subgroup of high functioning students with dyslexia who made to
higher education. They have above average IQ-scores (e.g., demonstrated in Chapter 3.) and
have already successfully completed secondary education to have access to higher education
(Callens et al., 2012). The fact that these students do not benefit from the use of text-
to-speech software cannot be generalized to other groups of students with dyslexia who are
possibly less academically successful, have lower IQ-scores and reading levels. More research
is therefore needed to investigate the differences between different groups of young adults with
dyslexia.

As expected, it was shown that language proficiency significantly relates to L1 reading
comprehension. It was however demonstrated that students with dyslexia perform worse
than the non-dyslexia group on both language proficiency measures (i.e., the vocabulary
test and the c-test), which was not expected for L1. This implies that despite their poorer
language proficiency and their lower word decoding speed they are somehow able to perform
at a comparable level as students without dyslexia on L1 reading comprehension, which, all
considered, in itself is quite remarkable. Maybe the fact that the students with dyslexia had
enough time to read, and therefore also had the time to reread parts of the texts, was enough
to compensate for the word reading problems these students with dyslexia encounter. To
make sure that students with dyslexia indeed had enough time to read and understand our
texts, this was asked after completing the task. In more than 85 % of the cases the answer
was yes. Thus, enough time for reading could offer part of the explanation for the similarities
on L1 reading comprehension as also shown by Lindgren and Laine (2010; 2011). However,
although extra or enough time should compensate for the word reading problems, this does not
negate impaired language proficiency skills. Most likely there are other variables involved in
reading comprehension performance, such as general knowledge and listening comprehension
(Miller, Miller et al., 2006), as previous research has shown that no single skill dominates the
reading comprehension performance (Miller, Miller et al., 2006; Ransby & Swanson, 2003).
Future studies could potentially look more into this matter and could include more background
variables than we did in our study in order to unravel the underlying mechanisms in reading
comprehension.
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Another explanation could be that the type of question matters for students with dyslexia
as shown in the study of Chapter two of this thesis. It was demonstrated that students with
dyslexia perform worse on writing summaries in L1, but perform comparable to a control group
on answering true/false questions. In this perspective it seems that the short open questions
applied in this study are more similar to answering the true/false questions as demonstrated
in the previous chapter. It appears that answering long story type questions, such as writing a
summary, is more difficult for students with dyslexia, as they have to combine different parts
of a text and have to write it down, which was also demonstrated by Pedersen et al. (2016)
and Simmons and Singleton (2000).

4.4.2 L2 reading comprehension performance

In contrast to L1 and as expected, it was found that students with dyslexia showed a poorer
performance on the L2 reading comprehension test than matched control students. Students
with dyslexia, therefore, show to some extent a disadvantage in reading in a language different
from their L1 compared to students without a learning disability, which is also in line with
the results of Miller-Guron and Lundberg (2000). This statement was also supported by
the interaction effect we found between language and diagnosis. As hypothesized students
with dyslexia perform worse on L2 reading comprehension in comparison to L1 reading
comprehension, which was not demonstrated for the control group. In this case, the direction
of the language proficiency results is relevant. It became evident that the scores for L2
language proficiency were not equal in both groups. As expected, students with dyslexia
performed significantly worse on all L2 language proficiency measures, with large effect sizes,
which corresponds to previous findings (Elbro et al., 2011; Hedman, 2012). In addition, it was
demonstrated that L2 language proficiency was related to L2 reading comprehension (Miller
et al., 2006; Ransby & Swanson, 2002). Thus, poor language proficiency skills might be one
of the reasons why L2 reading comprehension is difficult for students with dyslexia (Pedersen
et al., 2016). We could also argue that the level of orthographic transparency could have
played an important role in the results. The Dutch orthography is more transparent than the
English one. Usually reading impairments are more clearly present in opaque orthographies
such as English (Kuijpers et al., 2003; Van Setten et al., 2017), which could have led to an
extra disadvantage for the present group of students with dyslexia.

4.4.3 The effect of text-to-speech software

Thus, our results demonstrated a significant difference between students with dyslexia and
matched control students in L2 reading comprehension, but does text-to-speech software help
to overcome some of the L2 reading comprehension difficulties? The answer to that question
seems to be no. Seemingly to the contrary, a rather unexpected interaction was found between
diagnosis and text-to-speech software. Exploring this interaction, a negative effect of text-to-
speech software was found for the students with dyslexia. Students with dyslexia who made
use of the software performed worse on L2 reading comprehension, as compared to the students
with dyslexia who did not make use of it, which was not foreseen. This surprising result could
point towards difficulties with simultaneously listening and reading in L2 for students with
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dyslexia. Maybe students with dyslexia have difficulties matching the auditory output of
the software to the presented text, although audio and text are synchronized and text is
highlighted word per word whilst reading. Our finding is not in line with the results of Chang
(2009) and Conklin et al. (2020). These authors found that reading is usually a bit behind
audio, which could therefore assist in the process of reading and reading comprehension. Yet,
we believe that there are several possible explanations for our results, which are highlighted
below.

First, 49 out of the 60 students had never made use of text-to-speech software before.
So, during the reading comprehension test, most of them were introduced to this type of
software for the first time, and even though there was a short training followed by some
time to familiarize themselves with the software, this might not have been enough for our
participants with dyslexia to benefit from the use of this type of software.

Secondly, 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 have led to them not being able to comprehend the text accordingly. This so-called
speed-accuracy trade off led to a mismatch between speed and accuracy (i.e., students with
dyslexia were unable to read the text accurately because they set the speakers’ reading speed
too fast). This directly refers back to not being able to match the spoken output to the written
materials, and also our first interpretation of never having used this type of software before.
Students will need more time to get used to this kind of assisting software and also time to
find out what is - for them individually – a good reading aloud pace in L1 and in L2, as we
assume that L1 and L2 reading paces will be different. This could therefore have resulted in
having to read the text too fast, and thus, in not extracting the necessary information from
the text.

Thirdly, an explanation can be found in the direction of so-called ‘early-phase readers’ as
suggested by Staels and Van den Broeck (2014). Early phase readers experienced a negative
effect of text-to-speech software because they have not yet fully automatized their decoding
skills and do not know all the words. This could also be the case for Dutch higher education
students with dyslexia who are reading in English, a language that they are not as fluent
and proficient in, as their vocabulary size is smaller than in L1. At this stage, reading-while-
listening causes negative effects for students with dyslexia, just as for the early phase readers
as suggested by Staels and Van den Broeck (2014).

Lastly, the use of text-to-speech software may cause an additional working memory load
(Bizama et al., 2019; Chen & Keong, 2017). The fact that the students with dyslexia felt
compelled to focus on both reading and listening at the same time, may have resulted in a
working memory overload which negatively affected their L2 reading comprehension. Because
reading and comprehending in L2 is much less automatized than in L1 for students with
dyslexia, the detrimental effect of working memory overload is only apparent in L2. Since our
arguments are largely speculative, future research on the role of text-to-speech software in L1
and L2, including the role of working memory during the use of this software, is needed.

Although it was found that students with dyslexia as a group did not benefit from the
software in both L1 and L2, we believe that the audio support still could potentially be
a helpful tool for some students with dyslexia, if they invest time in applying and using
the software. As reported by Chen and Keong (2017), and Conklin et al. (2020), personal
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preferences and exposure appear to play a large role in decoding and reading comprehension.
Our data seem to support this notion as there was a lot of variation between the students
with dyslexia in the reading comprehension results. In order to study whether software could
indeed be a helpful tool, we propose an experimental setup in which the extent to which
students are able to work with the software is closely monitored. This could take the form of
a number of weeks in which the students would first learn how to use the software properly
and optimize the reading aloud pace in both L1 and L2. A post-test could help to find out
whether the students are able to work with the software properly. Controlling for the level of
knowledge about the software in such a way would make sure that we could really measure
the effect of the software on reading comprehension results.

4.4.4 Limitations and suggestions for future research

Limitations of the current study should also be covered. As already suggested above, in
comparison to the wider population of students with dyslexia, the students with dyslexia in
the present study are considered high-functioning. Therefore, our results cannot automatically
be transferred to the broader population of adults with dyslexia. Secondly, the number of
questions asked after both texts was limited. This could also be a reason why we did or did
not find any differences between the students with dyslexia and the control students. Thirdly,
the questions we used might also have been too easy and linguistically not challenging enough
to tackle the difference in language proficiency. In future research a higher number of and
more challenging questions can be included together with the new application of the software
described above to verify whether there is an effect of reading software or not, and if Dutch
reading comprehension, as opposed to English reading comprehension, indeed poses fewer
difficulties for students with dyslexia as seen in previous research (Lindgren & Laine, 2011;
Pedersen et al., 2016).

4.4.5 Conclusions

Each study can only add a few pieces to the complete puzzle as discovering the potential
determinants in reading comprehension is quite a complex process. The present study provides
evidence of Dutch higher education students with dyslexia not being able to fully compensate
for their reading disabilities: compared to the students without dyslexia, reading fluency
remains problematic, as well as reading comprehension in a L2. On the other hand, reading
comprehension performance in L1 was comparable for both groups. This shows that reading
comprehension in another language than your first is problematic for students with dyslexia
but not for students without dyslexia. It was also observed that the use of software had
no strong positive effects for the dyslexia group. In fact, there was a negative effect of the
software on L2 reading comprehension. More research on this topic seems therefore necessary.
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