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CHAPTER 1

GENERAL INTRODUCTION

The internet has become one of the major sources of information in the current educational
field (Parker & Plank, 2000). Students are encouraged to go online to enrich their knowledge
regarding topics that are discussed during classes. However, being able to read in general does
not equal to being able to read and comprehend online texts as well. These online texts often
contain hyperlinks, and are thus referred to as hypertexts. Studies on hypertext reading have
shown that the comprehension of these hypertexts can be challenging for some students,
especially when the hypertext features such as structure and visualization of the underlying
structure are not facilitative enough and students’ cognitive-linguistic skills such as vocabulary
level and verbal working memory capacity are low (Destefano & Lefevre, 2007).
Students who are deaf or hard-of-hearing (DHH) and students with a Developmental
Language Disorder (DLD) often experience reading comprehension problems. These problems
are in part due to poor vocabulary levels and/or working memory problems (Alloway, Rajendran,
& Archibald, 2009; Bishop & Snowling, 2004; Coppens, Tellings, Verhoeven, & Schreuder, 2011;
Harris et al., 2013; Rice & Hoffman, 2015; Wauters, Van Bon, & Tellings, 2006). Whether these
groups therefore experience an additional challenge in hypertext comprehension, compared
to typically developing students, is not clear yet. Studying these groups will provide insights
into their hypertext comprehension, and in addition will help to improve the theoretical
framework on hypertext comprehension. Therefore, the main aim of the present dissertation
was to provide insights into the hypertext comprehension of DHH students and students with
DLD and to investigate the influence of hypertext features and students’ cognitive-linguistic
skills, in order to enhance hypertext reading performance.
This introductory chapter starts out with a brief review of the processes of general
reading comprehension in typically developing students and in students at risk for reading
comprehension problems, focusing specifically on DHH students and students with DLD.
Then, the focus is on processes involved in hypertext comprehension in both typically and
atypically developing readers as a function of hypertext features, on the one hand, and
cognitive-linguistic skills on the part of the learner, on the other hand. Finally, the research
questions and the outline of the present thesis are presented.

Reading comprehension in typically and atypically developing students
Development of reading comprehension
The ability to comprehend written text is an open-ended process in which several
reading-related subskills mutually influence each other. According to the lexical quality
hypothesis (Perfetti & Hart, 2001; 2002), both the quality of word representations and
the amount of high-quality word representations in the mental lexicon are important
factors for reading comprehension. The lexical quality of a word is defined by the quality
of the representation of the phonology (pronunciation), the orthography (spelling) and the
semantics (meaning) of that word and the quality of the bonding of the word constituents. In
the course of development, these three components of a word representation are mutually
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influencing each other. A higher amount of high-quality word representations follows from
language and reading experience; frequent listening and reading leads to more exposure to
words, which strengthens the connection between word forms and meaning and increases
the vocabulary (Taylor & Perfetti, 2016).
The comprehension of written texts can be framed using the reading systems framework
(Perfetti & Stafura, 2014), in which word identification processes are connected to
comprehension processes. When word identification processes become more automatized,
more cognitive capacity is left for text comprehension (Verhoeven & Van Leeuwe, 2008).
Furthermore, when a reader’s vocabulary contains a high amount of high-quality word
representations, associations within and between sentences are easily and rapidly integrated,
thereby enabling comprehension outcomes (Perfetti, 2007).
An important question is how individual differences in reading comprehension can be
explained. Perfetti and colleagues (1996) have outlined that comprehension problems can
be explained from two components of comprehension. To begin with, there can be problems
in the process of word identification, in which the reader is unable to effectively build strong
word representations so that inference-making and integration between text parts is difficult
and less automatized. Besides, there can be limitations of the working memory capacity which
negatively affects the ability to integrate information effectively when working memory demand
is high. Comprehension problems occur when at least one of these processes is suboptimal, as
comprehension is based on the ability to build a mental representation of a text by integrating
several information parts (Nation, 2005). Thus, both the reading systems framework and the lexical
quality hypothesis point toward the importance of having both a qualitative and quantitative
high vocabulary level and a sufficient working memory capacity for text comprehension.
Two groups of students that are at risk for reading comprehension are deaf and
hard-of-hearing students, as they have an auditory speech perception problem (Nittrouer
& Caldwell-Tarr, 2016; Wauters et al., 2006), and students with a developmental language
disorder (DLD), who have a language processing problem (Van Weerdenburg, Verhoeven, Van
Balkom, & Bosman, 2009).
Reading comprehension in deaf and hard-of-hearing students
Students who are deaf (hearing loss > 90 dB) or hard-of-hearing (hearing loss 30-90 dB)
have a reduced auditory perception. As a consequence, many of these students experience
more problems in their spoken language development and in their reading development
(Goldin-Meadow & Mayberry, 2001; Nittrouer & Caldwell-Tarr, 2016 for children with a
CI) than hearing peers. In the Netherlands, a substantial group of students who are deaf or
hard-of-hearing also acquires sign language. Native acquisition of this language is mostly the
case in deaf students with deaf parents who sign.
There is a large variation in the group of deaf and hard-of-hearing students, due to for
example bimodal-bilingual language acquisition (sign and spoken language), residual hearing
and use of assistive technologies. To date, research thus far on the lexical quality in DHH
readers has focused only on the quantity of word representations, showing on average lower
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vocabulary levels (Convertino, Borgna, Marschark, & Durkin, 2014; Luckner & Cooke, 2010;
Lund, 2016) compared to hearing peers. Regarding the quality and development of the word
representations, no studies in DHH readers are available, although some studies have focused
on the quality of word representations in the three components separately (Convertino, et al.,
2014; Fariña, Duñabeitia, & Carreiras, 2017; Miller & Clark, 2011).
With respect to phonological development, Lederberg et al. (2019) proposed that variation
in the acquisition of language modality (spoken or signed) is related to how the phonological
structure of words is perceived and to the process of learning to read. DHH children who acquire
spoken language are able to develop the phonology of words they can hear. DHH children
who acquire language visually show a different path to phonology; they might use visual
cues such as mouth movements or fingerspelling or might map the printed words directly,
using the orthographic-semantic representation. A third group of bimodal-bilingual children
show overlapping processes of the unimodal children. However, the reading development of
unimodal sign children relies more on fingerspelling and visual language, while the reading
development of the other two groups is more related to the quality of spoken phonological
word representations. Other researchers have also stated that there is a large variation in
phonological decoding skills in DHH readers and no clear predictive value of phonological
awareness on reading skill (Dillon, De Jong, & Pisoni, 2011; Leybaert, 2005; Mayberry, del
Giudice, & Lieberman, 2011; Mayer & Trezek, 2014; Miller & Clark, 2011).
By using the orthographical representation of words, DHH readers are able to learn verbal
language in a visual way and to phonologically process words (Miller, 2018). Hereby, it must
be noted that skilled deaf readers show a larger sensitivity for orthographic decoding than
for phonological decoding of words in both transparent and opaque orthographies (Fariña et
al., 2017; Glezer et al., 2018). Regarding the meaning retrieval of words, research has indicated
that semantic retrieval and word knowledge in DHH students is lower than in hearing peers
(Convertino et al., 2014; Marshall et al., 2018). As their auditory language input is deprived,
DHH children are less able to incidentally pickup words, leading to an on average lower and
less strong vocabulary size and less general world knowledge (Convertino et al., 2014; Luckner
& Cooke, 2010; Lund, 2016).
The research thus far indicates that the quality of the components in word forms, and
thus the general lexical quality, varies a lot in the DHH population. Looking at the quantity
of the high-quality word representations, studies show that the amount of words known is
on average lower compared to hearing peers (Convertino et al., 2014; Luckner & Cooke, 2010;
Lund, 2016). When focusing specifically on reading vocabulary, it turns out that DHH children
are delayed compared to hearing peers and that the delay increases when words and tasks
become more complex (Coppens, Tellings, Verhoeven, & Schreuder, 2013). Hermans and
colleagues (2008) have measured both reading vocabulary and signed vocabulary in deaf
schoolchildren and found a strong positive correlation between both skills, suggesting that
lexical knowledge in sign language facilitates the acquisition of reading vocabulary. In relation
to reading comprehension, Dillon and colleagues (2011) found that vocabulary level mediates
the relation between phonological awareness and reading skills in deaf children with cochlear
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implants. Other studies found vocabulary level (both signed and spoken) to be highly related
to reading comprehension in deaf children (Harris, Terlektsi, & Kyle, 2017; Kyle, Campbell, &
MacSweeney, 2016; Novogrodsky, Caldwell-Harris, Fisher, & Hoffmeister, 2014). As with respect
to the vocabulary level, some, but not all DHH students show problems regarding their verbal
working memory capacity (Hintermair, 2013; Harris et al., 2013; Pisoni, Kronenberger, Roman,
& Geers, 2011); results are inconclusive regarding the visuospatial working memory (Cleary,
Pisoni, & Geers, 2001; Marschark et al., 2015).
From a theoretical perspective, it is proposed that the quality and quantity of word
representations is important for reading comprehension and that both vocabulary and working
memory capacity are essential factors in the word-to-text integration processes (Perfetti, Yang,
& Schmalhofer, 2008) which is pivotal to comprehend a text. Indeed, reading comprehension
is found to be much lower in DHH students compared to hearing peers (Kyle & Cain, 2015;
Wauters et al., 2006).
Reading comprehension in students with a Developmental Language Disorder
Another group of students that show on average a delay in their language and reading
development (Gough Kenyon, Palikara, & Lucas, 2018; Snowling, Bishop, & Stothard, 2000) are
students with a DLD. The language development of students with a DLD is below what would
be expected from age and IQ and the disorder is genetic (Bishop, 2006). Just as in case of DHH
students, no research has been conducted on the lexical quality in students with DLD, but only
on the quality of the components separately, the relation between two components (Leonard,
2014; McGregor et al., 2013; Vandewalle, Boets, Ghesquière, & Zink, 2010) and on the quantity
of word representations (i.e. vocabulary size).
Despite the high individual variability in children with DLD, a major deficit that has
been found in the majority of readers with DLD is their weak phonological skills (Joanisse &
Seidenberg, 2003; Leonard, 2014; Montgomery, 1995). They show a delay in the acquisition of
letter knowledge (Vandewalle et al., 2010), but Bishop and Snowling (2004) state that there is
little evidence that their orthographic skills are affecting their reading performance. Instead,
it is the ability to bond the phonological and orthographical representation of a word that is
impaired, which might stem from a deficit in the verbal short-term memory. Furthermore,
readers with DLD have more difficulties with the automatic recall of word forms than word
meanings from the mental lexicon (McGregor et al., 2013). Still, research shows the students with
DLD having problems with learning word meanings, although there is a large variability within
this group (Gray, 2003; Gray, 2004; Kiernan & Gray, 1998). Kornilov, Magnuson, Rakhlink Landi,
and Grigorenko (2015) investigated both the phonological and lexical-semantic processing
skills in students with DLD by examining the event-related potentials and suggested in their
discussion that lexical activation is slower in these students, due to the interplay of lexical and
phonological processing deficits. It thus does not come as a surprise that students with DLD
have a quantitatively and qualitatively lower vocabulary level (McGregor, Oleson, Bahnsen, &
Duff, 2013; Rice & Hoffman, 2015) compared to students without language problems.
Regarding the verbal working memory component in students with DLD, studies show
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that this is severely impaired (Archibald & Gathercole, 2006; Hoffman & Gillam, 2004; Marton
& Schwartz, 2003; Montgomery, 2000; Vugs, Hendriks, Cuperus, & Verhoeven, 2014). This can
affect the comprehension of long sentences and the integration of different information parts
into a meaningful whole, as this requires temporal storage of content information (De Leeuw,
Segers, & Verhoeven, 2016). Vugs and colleagues (2013) concluded in their meta-analysis that
visual-spatial working memory in students with DLD is also impaired, although to a much lesser
extent than verbal working memory. Given that vocabulary level and working memory capacity
of students with DLD are lagging behind those of students without DLD, it is not surprising that
the reading comprehension of these students is also problematic (Snowling et al., 2000).

Hypertext comprehension in typically and atypically developing students
Development of hypertext comprehension: A theoretical framework
While reading a general offline text, the reader is reading the text from top to bottom, in a
linear way. When online, students can face different types of hypertexts that are characterized
by their structure and the presence of an overview. In hierarchically structured hypertexts, text
pages are connected by hyperlinks that organize the information in a hierarchical way. The
reader can for example logically assume that a page about birds can be reached via the page
about animals. In a networked structured hypertext, all text pages that have some semantic or
content related overlap are connected by hyperlinks (Amadieu, Van Gog, Paas, Tricot, & Mariné,
2009), which results in a less clear structure.
Compared to offline reading, hypertext reading may ask for a different reading approach,
as readers have to adapt to the hypertext format by reading the text, updating their world
knowledge regarding the text content and deciding which hyperlink is going to be clicked upon.
When entering the next page, all the new information needs to be integrated with what was
read previously and what was already known about the topic. Such as with offline reading, the
assumption from both the lexical quality hypothesis and the reading systems framework that
both lexical quality and working memory are important components, also holds for hypertext
comprehension. However, the emphasis on hypertext comprehension might be more on the
cognitive integration processes, placing an even higher demand on the working memory capacity.
Several theories may be used to capture these cognitive processes underlying hypertext
comprehension. A significant theory is the construction-integration (C-I) model of Van
Dijk and Kintsch (1983) that focuses on general text comprehension. Based on this model,
comprehension of a text content is processed on two different levels, resulting in two kinds
of knowledge regarding the text content. The first is textbased knowledge of the local and
global meaning and structure of the text. The second level is a situation model, that results
from integrating the text content with the reader’s prior knowledge (Kintsch, 1988). Hereby, a
high demand is placed on the working memory capacity, as information from the long-term
memory is activated and integrated with new information so that a situation model of the text
content is constructed. In light of the C-I model, it is suggested that many factors among which
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word and world knowledge, level of prior knowledge as well as text coherence are important
factors in text comprehension in general (Van Dijk & Kintsch, 1983). Following the C-I model,
Salmerón and colleagues (2005) have proposed that comprehension of a hypertext can thus be
a challenge on both levels; textbased comprehension can be negatively affected when a smaller
amount of hypertext pages is read so that less information is retrieved, which can happen due
to disorientation. Building a situation model while reading hypertexts can be more complex,
as the coherence between pages is less clear and the reader thus has to place a higher demand
on the cognitive resources such as word and world knowledge and working memory capacity
to integrate all relevant information. In other words, building a situation model on the basis
of hypertexts may require additional cognitive processing compared to building a situation
model on the basis of a linear text (Segers, 2017).
Whether this additional cognitive processing negatively affects reading comprehension
or not depends in part on the theoretical perspective one takes. Two different perspectives are
presented using the cognitive load theory and the cognitive flexibility theory. Both theories try
to explain text comprehension as a product of text features and the reader’s characteristics. The
focus of both theories is on the reader’s cognitive ability to cope with ill-structured documents,
by putting working memory capacity at the center.
There is a group of researchers who have applied the cognitive load theory (Sweller,
1988) to hypertext comprehension. According to these researchers (Kester & Kirschner, 2009;
Niederhauser, Reynolds, Salmen, & Skolmoski, 2000), readers have to conduct many activities
simultaneously during hypertext reading (e.g. reading, text content updating, navigation
decisions), so that these additional cognitive processing may lead to a higher cognitive load.
Hypertext comprehension is thus highly dependent on the reader’s prior knowledge and
working memory capacity. When the reader’s prior knowledge and working memory capacity
are low and hypertext content is not presented in a readily understood format, hypertext reading
might lead to an extraneous cognitive overload, which is detrimental for learning outcomes.
The essence of the cognitive flexibility theory (Spiro, Coulson, Feltovic, & Anderson, 1988) is
that learning from an ill-structured text permits the reader to be flexible regarding their learning
process, especially when the content to be learned is more complex and difficult. According to the
cognitive flexibility theory, a hypertext is ideal for knowledge acquisition as the reader can navigate
between different text parts, while taking different perspectives (Niederhauser et al., 2000; Spiro
& Jehng, 1990). Although the exact cognitive processes involved are unknown, it can be assumed
that working memory resources are called upon during hypertext reading and navigation to
support integration of information from different text parts. If successful, the additional cognitive
processing of the text content may lead to enhanced deep knowledge of texts.
Factors involved in hypertext comprehension
Several factors have been proposed to affect hypertext comprehension, among which are the
hypertext features, the readers’ cognitive-linguistic skills, the readers’ navigation behaviour and
the reading processes.
As already mentioned, hypertexts can be hierarchically or networked structured. Most
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studies focusing on which hypertext structure is related to better reading performance has been
conducted in adult readers and have yielded mixed results (Burin, Barreyro, Saux, & Irrazábal,
2015; Destefano & Lefevre, 2007; Zumbach & Mohraz, 2008) and the few studies that have
focused on hypertext comprehension in children, showed no lower reading comprehension of
hierarchically structured hypertexts compared to linear texts (Klois, Segers, & Verhoeven, 2013;
Fesel, Segers, & Verhoeven, 2018; Salmerón & García, 2012). The lack of clarity might be due to the
large variation in cognitive-linguistic skills among the participants across the studies. For readers
with lower cognitive-linguistic skills, it has been found that they showed worse comprehension
outcomes on networked hypertexts than hierarchically structured hypertexts, while readers with
higher cognitive-linguistic skills were not affected by hypertext structure variation (Amadieu,
Tricot, & Mariné, 2009; Potelle & Rouet, 2003).
In addition to the hypertext structure, the readers’ online performance is also affected
by features that provide an overview of how and where the information is located within the
hypertext (Salmerón, Cañas, Kintsch, & Fajardo, 2005). Such overviews can be available in
several forms ranging from headings and alphabetical content lists to graphic overviews that
visually represent the underlying structure and connections between text pages (Brinkerhoff,
Klein, & Koroghlanian, 2001). It is assumed that graphic overviews help to overcome
disorientation and navigation problems while reading hypertexts. Studies in adults without
hearing or language problems toward the effectiveness of graphic overviews in hypertexts yield
mixed results (Destefano & Lefevre, 2007; Salmerón et al., 2005). Where the meta-analysis
of Chen and Rada (1996) reported to have found only positive effects of graphic overviews
on readers’ performance, Destefano and Lefevre (2007) showed some studies in which no
improvement in performance was visible. Regarding the interplay between graphic overview
and cognitive-linguistic skills on hypertext comprehension, research indicates that the
presence of a graphic overview is beneficial for adult readers with lower visuospatial working
memory capacity and for poor readers compared to readers with higher visuospatial working
memory capacity and good readers respectively (Naumann, Richter, Flender, Christmann, &
Groeben, 2007; Salmerón et al., 2005; Vörös, Rouet, & Pléh, 2009). The same result is seen
in school-aged children; the study of Fesel et al. (2018) showed a facilitative effect of graphic
overviews on reading comprehension, but only in children who have a low prior knowledge of
the text content.
Another factor that affects hypertext comprehension, is hypertext navigation. How the
reader navigates through the hypertext, how many pages are visited for how long and the
order and coherence of the pages visited can provide information about the reader’s hypertext
reading process. Research on hypertext navigation in adult readers has reported higher
feelings of disorientation and confusion during reading, compared to linear text reading
(Miall & Dobson, 2001). Salmerón, Kintsch, and Cañas (2006) showed the effect of navigation
behaviour on hypertext comprehension to be influenced by hypertext features and the students’
cognitive-linguistic skills; readers with little knowledge, who followed a coherent navigation
path within a hypertext showed deeper structural knowledge, than those readers that followed
a less coherent path. This difference was not seen in high-knowledgeable readers, nor in
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textbased knowledge. To date, no research has been done on children’s hypertext navigation.
Although most of the studies on hypertext reading have focused on the reading outcomes
during or after reading, little is known about the reading processes involved. Thus far, only
one study in university students (Naumann, Waniek, & Krems, 2001) and one study in high
school students (Salmerón, Naumann, García, & Fajardo, 2017) have focused on both hypertext
processing behaviour and hypertext comprehension, by recording the eye movements during
reading on the one hand, and by asking comprehension questions after reading on the other
hand. Tracking the processing behaviour during reading can provide information about
what hypertext parts are actually read and how these reading patterns relate to hypertext
comprehension. The results of both studies seem to suggest that hypertexts do pose additional
processing challenges and Salmerón and colleagues (2017) pointed out that the effect of the
fixation time on hypertext comprehension varied between high school students, depending on
the student’s individual skills.
Hypertext comprehension in students with hearing or language problems
So far, hypertext comprehension in students with hearing or language problems has not
been studied. Given the fact that hypertext comprehension is the result of an interplay
between text features such as text structure and graphic overview presence, and the
reader’s cognitive-linguistic factors such as prior knowledge, vocabulary level and working
memory capacity (Destefano & Lefevre, 2007), in which a higher demand might be placed
on cognitive-linguistic skills in hypertext comprehension than linear text comprehension,
and knowing that many DHH students and students with DLD face problems in all these
domains, one might hypothesize that hypertexts may cause additional challenges for reading
comprehension in both these specific groups of students.
Although DHH students have an auditory speech perception problem (Nittrouer &
Caldwell-Tarr, 2016; Wauters et al., 2006) and students with DLD a language processing
problem (Van Weerdenburg et al., 2009) and acknowledging the considerable variation the
cognitive and linguistic profiles of these students, there seems to be considerable overlap in
the language and reading problems they face. DHH students and students with DLD are both,
on average, lagging behind typically developing peers in prior (world) knowledge and lexical
quality. Reading comprehension levels attained are on average considerably lower. Regarding
working memory capacity, the verbal component is severely impaired in students with DLD
(Archibald & Gathercole, 2006; Hoffman & Gillam, 2004), while great variability exists in DHH
students’ capacity (Hintermair, 2013; Harris et al., 2013; Pisoni et al., 2011). The visuospatial
working memory capacity is also hampered in students with DLD, although to a lesser extent
(Vugs, Cuperus, Hendriks, & Verhoeven, 2013), whereas studies in DHH students do not provide
an unequivocal picture (Cleary et al., 2001; Marschark et al., 2015).
The question is whether, compared to typically developing students, these students face
an additional challenge when they use the internet and hypertexts for academic purposes.
So far, little to nothing is known regarding their hypertext comprehension processes. Fajardo
and colleagues (2003; 2006; 2008; 2009) conducted some studies on the search strategies of
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deaf adults within hypertexts, but not on hypertext comprehension. One of their findings was
that deaf signers did not find more or less information than hearing peers in hypertexts that
contained more textual than graphical information. However, it took them longer to find the
information, as indicated by the number of pages they visited. Furthermore, there was a positive
relation of the visuospatial span with the amount of retrieved information and a negative
relation with the response time. Although these studies do provide some preliminary insights
in the online performance of DHH students, no information is available on the hypertext
comprehension in DHH students and students with DLD.

Present thesis
To sum up, offline reading-related skills such as vocabulary and working memory also affect
hypertext comprehension and it is suggested that working memory capacity plays an even
larger role in the comprehension of hypertexts than regular linear texts. The development of
these cognitive-linguistic skills is known to be impaired or delayed in students who are at risk for
reading comprehension problems, but it is unclear how that affects their online performance.
As these students are also encouraged to go online inside and outside educational settings,
it is important that more clarity is given on the hypertext comprehension and the processes
that are involved as a function of hypertext features, on the one hand, and the variation of
cognitive-linguistic skills, on the other hand. With an eye on educational applications, it is
also critical to examine the exact role of graphic overview use and its trainability to facilitate
hypertext comprehension in the classroom.
The present thesis examined which hypertext features and students’ cognitive-linguistic
skills play a role in the hypertext comprehension of DHH students and students with DLD. The
following research questions were addressed:
1.	To what extent do hypertext structure and graphic overview play a role in hypertext
comprehension of DHH students and students with DLD compared to hearing students
without DLD?
2.	What is the role of students’ prior knowledge, vocabulary, verbal and visual working
memory in hypertext comprehension?
3.	To what extent do hypertext reading behaviour and hypertext comprehension of
students at risk benefit from a graphic overview use intervention ?

Outline of dissertation
To answer the first research question, three studies were conducted. In Chapter 2, reading
comprehension of hierarchically structured hypertexts versus general linear texts were
compared between DHH students, students with DLD and students without hearing or
language problems with the same reading level. Chapter 3 presents a study in secondary
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school students without hearing or language problems on the comprehension of networked
hypertexts with and without a graphic overview. In Chapter 4, this study was extended to DHH
students and students with DLD and compared to students without hearing or language
problems with a comparable reading level and a comparable age.
To address the second research question, the role of verbal and visuospatial working
memory on the comprehension of hierarchically structured hypertexts was examined in
Chapter 2 as well, while Chapter 3 and 4 included the moderating role of prior knowledge,
vocabulary, verbal and visuospatial working memory on the comprehension of networked
hypertexts with and without graphic overviews. To note, as the main focus of Chapter 2 was to
investigate the unique contribution of working memory above the linguistic skills, the students
with hearing or language problems were compared to typically developing students with a
comparable reading level only. Chapter 4 focused more on the specific differences between
the students with and without hearing or language problems, so that both a group of typically
developing students with a comparable reading level as well as a group of typically developing
students with a comparable age were included.
To find an answer to the third research question, Chapter 5 describes an intervention study
in which graphic overview use was taught to students without hearing or language problems,
DHH students and students with DLD in order to enhance hypertext comprehension. Hereby,
eye movements were recorded to track hypertext processing behaviour during reading.
To conclude, Chapter 6 provides a summary and discussion of the main findings of the
present thesis, followed by some limitations, recommendations for future research and
implications for practice.

Context of the dissertation
The present thesis is conducted in the Netherlands in both mainstream and special education
schools. In the Netherlands, research diagnostic centers specialized in hearing or language
problems give people the diagnosis deaf when a hearing loss of more than 30 dB is observed
and a diagnosis hard-of-hearing when a person has a hearing loss between 30 and 90 dB. The
diagnosis DLD is given when: (1) a person scored more than 1.5 standard deviation below the
age norm on at least two of the four separate language tests (speech production, auditory
processing, grammar, and semantics-lexicon) or when the total score on a general speech
and language test is 2 standard deviations below the age norm and (2) a specifically focused
six-month speech or language therapy did not result in progression. Based on their diagnosis
and developmental prognosis, school-aged children in the Netherlands are faced with four
educational options: (1) placement in a mainstream school without extra (external) guidance,
(2) placement in a mainstream school with some support (on a weekly basis) from itinerant
teachers from special education, (3) placement in a mainstream school with intensive support
(on a daily basis) from special education and (4) placement in a special school for student with
hearing or language problems.
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Abstract
This study provides insight into the reading comprehension of hierarchically structured
hypertexts within DHH students and students with DLD. To our knowledge, it is the first study
on hypertext comprehension in DHH students and students with DLD, also studying the
role of working memory. We compared hypertext versus linear text comprehension in DHH
students and students with DLD versus younger students without language problems who
had a similar level of decoding and vocabulary. The results demonstrated no difference in
text comprehension between the hierarchically structured hypertext and the linear text. Text
comprehension of DHH students and students with DLD was equal to that of the students
without language problems. In addition, there was a similar positive predictive value of
visuospatial and not verbal working memory on hypertext comprehension for all three groups.
The findings implicate that educational settings can make use of hierarchically structured
hypertexts as well as linear texts and that children can navigate in the digital world from young
age on, even if language or working memory problems are present.

Chapter based on:
Blom, H., Segers, E., Hermans, D., Knoors, H., & Verhoeven, L. (2017). Hypertext comprehension
of deaf and hard-of-hearing students and students with specific language impairment. Research
in Developmental Disabilities, 61, 127-137. doi: 10.1016/j.ridd.2016.12.014
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HIERARCHICALLY STRUCTURED HYPERTEXT COMPREHENSION.

The expanding use of technology in the classroom stimulates digital literacy in students. As part of
their academic learning process, students spend lots of time searching and reading information
online. Being online, the students are confronted with hypertexts, i.e. texts containing hyperlinks.
Some studies suggested that hypertext reading requires higher working memory capacity than
reading a regular linear text (DeStefano & LeFevre, 2007). Only a few hypertext studies in children
have been conducted, using a hierarchically structured hypertext. In general, these studies
showed no lower reading comprehension of hypertexts compared to linear texts (Klois, Segers,
& Verhoeven, 2013; Salmerón & García, 2012). Students with a developmental language disorder
(henceforth called students with DLD) have lower verbal and visuospatial working memory
capacity than hearing students without language problems, a pattern that is also suggested
in deaf/hard-of-hearing (DHH) students. The question then arises whether these groups have
more difficulties in reading comprehension of hypertexts vs. linear texts than students without
hearing and language problems. Therefore, the present study focused on hypertext reading
comprehension versus linear text comprehension comparing DHH students and students with
DLD to a control group without hearing or language impairment. Additionally, the role of verbal
and visuospatial working memory within hypertext comprehension has been studied.

Linear text comprehension in typically developing readers
Reading comprehension involves both reading-related skills as well as cognitive skills. Perfetti’s
lexical quality hypothesis suggests that both decoding skill and vocabulary level are important
for reading comprehension (Perfetti, 2010). Having automatized decoding (Landi, 2010;
Verhoeven, Van Leeuwe, & Vermeer, 2011) and having an appropriate level of vocabulary (Braze,
Tabor, Shankweiler, & Mencl, 2007) enables the reader to read and understand a text. Next to
reading-related skills, cognitive components may also play a role in comprehending texts. Some
research suggested that working memory is related to reading comprehension (Cain, Bryant, &
Oakhill, 2004; McVay & Kane, 2012). Working memory is described as a cognitive component,
that temporarily stores and processes incoming verbal and visual information (Baddeley,
1992). Drawing inferences from the text and integrating the information with what is already
known requires sufficient working memory capacity (Baddeley, 2012; Just & Carpenter, 1992).
Compared to good comprehenders, poor comprehenders are disadvantaged at verbal working
memory measures (Wang & Gathercole, 2013).

Hypertext reading comprehension in typically developing readers
A hypertext is a collection of documents that contain links and nodes that are interconnected.
Where linear texts are read in a linear way, by going back or forward, hypertext readers control
their own reading process by deciding which navigation path to follow. It is not yet well
understood how this reading process influences reading comprehension. The movement
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between several hyperlink connections causes an interruption in the continuous text processing
and gives feelings of disorientation, therefore complicating the reading process (Lee & Tedder,
2003). On the other hand, there is research suggesting that the hypertext structure gives the
opportunity to build a more detailed situation model. The cognitive flexibility theory proposed
that readers integrate prior knowledge with information from multiple perspectives within
the hypertext to construct a new flexible situation model (Shapiro & Niederhauser, 2004).
Waniek and colleagues (2003) compared psychology students’ text content representations
of linear text without a graphic overview to linear text with overview and to hypertext. There
was no difference in factual knowledge between the three text types, but the quality of the
text structure representation, as measured with a card-sorting task, was higher for readers of
hypertext. A hypertext can thus also have beneficial effects, through the freedom to follow one’s
own reading path and having an external representation of the text structure.
Just like text comprehension of regular texts, both decoding and vocabulary affect
hypertext comprehension in children (Fesel, Segers, & Verhoeven, 2017); the reader’s lexical
quality remains an important factor. However, the hypertext features may cause higher
cognitive load than a linear text scheme (Niederhauser, Reynolds, Salmen, & Skolmoski, 2000)
and thus place a higher emphasis on working memory than a linear text. The reader has to
remember where he or she is within the text and evaluate which hyperlink to click on or not
while absorbing the newly read information and add this to what he or she already knows.
Readers with low working memory capacity and little prior knowledge tend to show more
difficulties with reading hypertexts than linear texts (DeStefano & LeFevre, 2007). High prior
knowledge readers and readers with high working memory capacity may make more use of
their metacognitive skills and show no preference for either one of the text constructions.
This effective use of metacognitive skills of readers with high working memory capacity in
hypertexts was evidenced in the study of Naumann, Richter, Christmann, and Groeben (2008).
They investigated whether verbal working memory influenced the effects of cognitive and
metacognitive strategy training on learning in hypertexts. It appeared that undergraduate
students with a high verbal working memory capacity had higher learning outcomes after
the strategy training, while learning outcomes in students with low verbal working memory
capacity became worse after strategy training. The researchers showed more effective
navigation behaviours in the former than the latter group, which was related to the learning
outcomes. The role of visuospatial working memory in hypermedia learning was present in
the study of Kornmann et al. (2016), who found a positive relation between spatial working
memory capacity in elementary school children and learning outcomes after the exploration of
a hypermedia environment. The spatial working memory was also indirectly related to learning
outcomes, through effective navigational behaviour within the hypermedia environment.
Rouet, Vörös, and Pléh (2012) studied the effect of visuospatial working memory on recall
performance specifically in hierarchically structured hypertexts. Although recognition of
content was similar across students with low or high visuospatial working memory, students
with low visuospatial working memory had more difficulties with recalling the information
within the deeper links in the hierarchy of a hypertext. Pazzaglia and colleagues (2008)
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investigated the role of both verbal and visuospatial working memory within hypermedia
use of middle school children and found both components to play a role in the processing of
the information. Where verbal working memory helped the reader to retrieve the semantic
knowledge, the visuospatial working memory was helpful in recognizing the structure of the
document.

Reading comprehension in children with language problems
Language and literacy development often go hand in hand; children with language problems
are more likely to show reading-related difficulties as well. Studies show that spoken language
development is affected in both DHH children and children with DLD, but for different reasons.
DHH children show language problems due to their perceptional deficit, while children
with DLD have cognitive difficulties to process incoming information in the brain (De Hoog,
Langereis, Van Weerdenburg, Knoors, & Verhoeven, 2015). An impaired working memory is
characteristic of children with DLD. A study from Archibald and Gathercole (2006) identified
a working memory deficit in 95% of the participating children with DLD. The Harris et al.
(2013) study in which 50% of the participating DHH children had a working memory deficit
showed that working memory impairments are less evident in this group. Studies comparing
primary school children with DLD and children with mild-to-moderate hearing loss indicated
deficits in several aspects of language, such as phonological short-term memory, vocabulary
and nonword repetition in all children with DLD and half of the DHH children, although the
deficits were more frequent in children with DLD (Briscoe, Bishop, & Norbury, 2001; Hansson,
Sahlén, & Mäki-Torkko, 2007). Briscoe et al. (2001) also compared both groups (5-10 years) with
hearing age-matched controls and receptive vocabulary-matched controls and found that
word reading, reading comprehension and nonword reading in children with DLD was lower
than in children with a mild-to-moderate sensorineural hearing loss, age-matched controls
and receptive vocabulary-matched controls. DHH children’s performance was equal to both
control groups. Other studies however, showed reading difficulties in DHH children compared
to age-matched hearing children as well (Kyle & Cain, 2015; Wauters, Van Bon, & Tellings,
2006).

Linear text comprehension in DHH readers and readers with DLD
The interconnection of decoding, vocabulary and working memory is important for linear
reading comprehension of DHH children and children with DLD, just as for hearing children
without DLD. Generally, DHH children show more problems in reading comprehension,
compared to hearing children of the same chronological age as well as word reading-age (Kyle
& Cain, 2015; Wauters et al., 2006). This might be a consequence of a delay in word reading
skill (Kyle & Harris, 2010) and a lower vocabulary (Knoors & Marschark, 2014). In addition,
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DHH children generally have less general world knowledge compared to hearing children
(Convertino, Borgna, Marschark, & Durkin, 2014), which can make it more difficult for them to
draw inferences and integrate old and new information into a new situation model. The relation
between reading comprehension and working memory within DHH children seems to be less
strong than within hearing students (Harris & Moreno, 2004; Trezek, Wang, & Paul, 2011).
Research into the working memory skills of deaf students has been scarce. Hintermair (2013)
compared self-rated executive functions of DHH children in both special and mainstream
education with hearing children and found that both groups of DHH children rated themselves
lower on working memory than a hearing normative sample. Pisoni and colleagues (2008,
2013, 2015) also found shorter verbal memory spans in deaf children with cochlear implants
than in hearing children. Studies comparing visuospatial working memory skills of DHH
children with hearing children yield mixed results (Cockroft, Dhana, & Greenop, 2010; Geraci,
Gozzi, Papagno, & Cecchetto, 2008).
Compared to children with a typical language development, children with DLD also show
more reading accuracy problems (St. Clair, Durken, Conti-Ramsden, & Pickles, 2010) and more
delays in vocabulary development (Hick, Joseph, Conti-Ramsden, Serratrice, & Faragher, 2002),
both contributing to lower linear reading comprehension (Snowling, Bishop, & Stothard,
2000). Children with DLD also show a particular deficit in verbal working memory (Alloway,
Rajendran, & Archibald, 2009; Gathercole & Baddeley, 1990) that decreases their ability to
simultaneously process incoming information (Montgomery, 2000) and can influence reading
performance. In addition, Vugs and colleagues (2013) concluded in their meta-analysis that
children with DLD also have a deficit in visuospatial working memory and suggested that this
is related to their language impairment.

Hypertext comprehension in DHH readers and readers with DLD
Studies in hearing children and adults suggest that hypertexts place a higher emphasis on
working memory capacity compared to linear texts. Since DHH children and children with DLD
have lower working memory capacity, they might experience more difficulties while reading
those hypertexts. To our knowledge, only Fajardo and colleagues conducted a few studies to
address DHH students’ searching behaviour within hypertexts (2003, 2006, 2008, 2009), but
none have studied hypertext reading comprehension in this group. In one of the studies by
Fajardo et al. (2008), they designed a verbally demanding hypertext and a spatially demanding
hypertext and compared information retrieval of deaf signers with hearing non-signers. There
was no difference in the number of targets found, although the deaf children needed more
time and clicked on more hyperlinks to get the information needed. This response time for
deaf children was higher in verbal hypertext than in spatial hypertext, suggesting that deaf
children needed more time to process the verbal information on each page. Additional
analyses within the group of deaf children showed a positive correlation of spatial span with
percentage of information retrieved and a negative relation with response time. Although the
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above-mentioned studies show some indication of DHH students’ reading behaviour, there
is not a clear picture yet of the hypertext reading comprehension in deaf students and the
influence of working memory.
For students with DLD, there is no research to our knowledge that focused on hypertext
reading comprehension. The deficits of both verbal and visuospatial working memory within
students with DLD suggest the probability that it negatively affects comprehension of the
cognitively demanding hypertext.

Current study
Thus far, research has shown the importance of several reading-related and cognitive skills in
typically developing readers of linear text comprehension. In the current study, we aimed to
further investigate the hypertext comprehension of readers with hearing or language problems
and the role of working memory. The literature review suggests that DHH students and students
with DLD might experience more difficulties reading a cognitive demanding hypertext versus
a regular text than students without language problems, due to their decoding and vocabulary
delays and their working memory deficits. In order to study reading comprehension of hypertexts
in DHH students and students with DLD and the role of working memory, we compared them
to students of the same reading level without hearing and language impairment.
1.	How does hypertext comprehension differ from regular text comprehension in DHH
students, students with DLD and students without language problems?
2.	What is the role of verbal and visuospatial working memory in hypertext comprehension
in the three groups?
	
It was hypothesized that DHH students and students with DLD experience have more
difficulties reading a hypertext versus a regular text than students without language problems.
Second, we hypothesized that both verbal and visuospatial working memory affect students’
hypertext comprehension.
To assess reading comprehension, literal and implicit questions as well as concept maps
were used (Van Dijk & Kintsch, 1978; 1983). A concept map assesses the students’ situation
model of the texts and is a graphic tool that can be used to visualize this coherent model of
incoming and existing information and may represent a person’s conceptual understanding of
the text topic (Cañas et al., 2005; Evrekli, Inel, & Balim, 2010).

Method
Participants
A total of 144 Dutch students participated in this study of whom 36 students were diagnosed
with DLD and 30 with a hearing impairment. Diagnoses were given by diagnostic centers
specialized in language and communication disorders when a severe impairment was found
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on speech or language development or when a hearing loss is present. The control group
consisted of 78 students who were expected to have an equal level of decoding and vocabulary,
based on the previous mentioned studies showing that on average, DHH students and
students with DLD have a delay of three years, on reading related skills. A one-way ANOVA
(see Table 2.1) confirmed comparable decoding level, F(2,115) = 2.42, p = .09, ŋp2 = 0.04, as well
as vocabulary level, F(2,112) = 0.53, p = .59, ŋp2 = 0.01, of DHH students, students with DLD and
reading level-matched students.
Due to missing data, a total of 26 students were excluded from data-analyses (17 control,
5 DLD and 4 DHH). The final dataset consisted of 118 students with an equal distribution of
boys and girls within each group. Mean age of the DHH students, the students with DLD and
the students in the control group was respectively 13.9 (SD = 0.74), 14.1, (SD = 0.78) and 11.2 (SD
= 0.42) years. All students in the control group were from three mainstream primary schools,
while only one student with DLD and only two DHH students were in secondary mainstream
education. The remaining DHH students and students with DLD were in secondary specials
schools of whom two DHH attended a school for hard-of-hearing students and 22 students went
to a school for the deaf. In the DHH group, 14 students wore one or two cochlear implants, eight
students had one or two hearings aids and three students did not have any hearing equipment.
One DHH student’s hearing equipment is unknown. The preferred language of seven DHH
students was Dutch sign language and two students preferred total communication. The
remaining 17 students used oral language as the preferred language mode, but five of them
mentioned that when they did not use their hearing aid, they used total communication.
Approval for participation was received from school directors and parents consistent with the
requirements of each school.
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Table 2.1
Mean raw scores (M) and standard deviations (SD) for individual measures and ANOVA results
Control
(n = 61)

DLD
(n = 31)

2

M

SD

M

SD

M

SD

F

Decoding

65.18

16.77

71.96

22.68

60.68

21.08

2.42

Vocabulary

121.62

8.60

122.65

18.17

119.52

11.13

0.53

Verbal working memory

13.10

2.63

12.55

2.94

10.65

2.46

8.94 a

Visuospatial working memory

7.75

1.43

9.27

1.73

8.52

1.91

8.22 b

40.00

7.62

42.81

7.25

38.03

5.84

3.20 c

3.21

1.61

3.04

1.56

2.61

1.36

1.57

Test

Nonverbal reasoning
Prior knowledge
a

DHH
(n = 26)

DLD < Control & DHH (p < .001); b DHH > Control (p < .001); c DHH > DLD (p = .04)

Materials
Text materials from the Klois et al. (2013) study were adapted by shortening sentences and
erasing difficult words in order to have an adequate text level for this study. The topics of
the four texts were Oceania (652 words), Russia (633 words), South America (669 words) and
Southeast Africa (698 words), with mean sentence lengths of respectively 10, 11, 10 and 11. All
texts contained ten paragraphs. Each text topic was written within the RapidWeaver program
in regular linear form as well as hypertext form. A linear version of the text contained ten
webpages (one introduction, three headings and six subheadings) and each paragraph was
shown on one webpage. The reader started with the introduction and continued to the next
paragraph by clicking on the “next page” button. On this page (and further pages), the reader
was able to click on both the “previous page” and “next page” buttons. The bottom of the last
page contained the word “finish” to let the reader know that this was the last paragraph of the
text.
The hypertext version of the texts did not contain “next page” and “previous page”
buttons. Instead, the hypertexts were hierarchically constructed with three levels (one intro,
three headings and six subheadings) through which the reader could navigate. The reader
always started with the first paragraph. Within the text of this paragraph, three key words
were selected as blue-colored hyperlinks. The hyperlinks were connected to three different
paragraphs that were one level below the first paragraph. The reader chose which hyperlink to
follow and the next paragraph contained two hyperlinks that were connected to two different
paragraphs that were one level below the current paragraph. On each webpage, the reader
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was able to return to the webpage one or two levels above the current page and to choose
another hyperlink. After clicking on a hyperlink, the link became brown, indicating that the
hyperlink already has been clicked on.
Each participant read all four texts. To prevent influence from text type, text types were
counterbalanced between all participants. For example, student A read Oceania and Russia
as a linear text and South America and Southeast Africa in hypertext, while student B read
Oceania and Russia in hypertext and South America and Southeast Africa in linear text.
Reading comprehension
A pre-test questionnaire with twelve questions measured prior knowledge. The questionnaire
contained three multiple-choice questions per text with four answer possibilities. The pre-test
questions per text included one explicit and one implicit question which answer could be
found within the text and one question about the text topic, but which answer could not be
found within the text.
Four post-test questionnaires were developed to measure text comprehension, based
on the questionnaires of the Klois et al. (2013) study. The questionnaire contained 10
multiple-choice questions, 5 explicit (alpha = .75) and 5 implicit (alpha = .61), with four answer
possibilities. Explicit questions are questions of which the answer could be literally found in
the text and measure textbased knowledge. Implicit questions, measuring levels of inference
(Ozuru, Best, Bell, Witherspoon, & McNamara, 2007), were defined as questions of which the
answer (1) was not literally written in the text and (2) could be found by using a combination
of references in the text and general world knowledge (Graesser, Singer, & Trabasso, 1994). The
questions were different from the questions in the pre-test.
To assess the students’ situation models of the texts (Van Dijk & Kintsch, 1983), the students
constructed concept maps after each text they read. Prior to the reading comprehension
tasks, the students received a lesson in drawing concept maps to ensure familiarity with this
concept. The procedure of concept maps drawing followed the procedure of the Klois et al.
article (2013). The concept map scoring system has also been used from this article, as it has a
high inter-rater reliability in scoring both first (k = .95) and second (k = .84) level of the concept
maps. Concept maps were rated by counting the number of total concepts and the number
of hierarchies, which were combinations of at least a 1st level and 2nd level concept. A 1st level
concept was a concept that was immediately linked to the central theme. 2nd level concepts
were linked to the 1st level concepts and 3th level concepts were linked to the 2nd level concepts.
Points were given to 1st (2 points), 2nd (4 points), 3th (6 points), and 4th (8 points), level concepts.
Complexity of the concept map was calculated by adding up those points.
While reading a text, a log file registered the time spent on the text in general, the time
spent on each page, and the navigation path that the students followed throughout the text.
Student factors
Decoding skills. The students decoding level was measured with a two-syllable version of
the paper-and-pencil lexical decision task (Van Bon, 2007). The student was presented with a
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paper of 120 words (of which 30 pseudo words) in three columns. The student was told to read
the words silently from top to bottom, column by column, as quickly and accurately as possible
in one minute and to cross out every pseudo word. After one minute, the researcher said “stop”
and the student had to draw a double line under the last word he read. Test-retest reliability of
the two-syllable version was considered sufficient (.81; Van Bon, 2007).
Vocabulary. The Peabody Picture Vocabulary Test-III-NL (PPVT-III-NL; Dunn, Dunn,
& Schlichting, 2005) measured the students’ vocabulary level. The student was presented
with a booklet containing four pictures on each page. With every page, the researcher read
a word aloud and the student had to point to the corresponding picture. The PPVT-III-NL is a
standardized test that consists of 17 sets in ascending order of difficulty and each set contains
12 words. In the present study, all students started at set 8, which is at grade 3 level, and finished
when they answered three or less words correct. Vocabulary scores were obtained for 27 out of
30 DHH participants who could perceive the auditorily presented words (directly or through
speech reading). It was not possible to adapt the test using sign language without giving away
too much information by gesticulating the target word.
Verbal working memory. To assess verbal working memory, the standardized forward
and backward digit span task was used (Kort et al., 2005). With the forward digit span the
researcher called a sequence of digits and the student had to repeat the sequence in the same
order. The sequence had to be recalled in the reversed order within the backward digit span
task. Both tasks started with two trials of a sequence of two digits and the number of digits
expands. If the student incorrectly repeated the digits in two trials of the same length, the task
was finished. Verbal working memory was the sum score of the forward and backward digit
span. When a student was unable to hear the digits verbally, an adapted version of the digit
span task was used. Here, the researcher finger spelled a sequence of letters, which needed to
be repeated by the student. The same procedure was followed with the forward and backward
digit span task. When the student was skilled in both spoken and sign language, both working
memory tasks were performed. For these students, score on verbal working memory was based
on the mean score of both spans.
Visuospatial working memory. Visuospatial working memory was assessed using the
Corsi Block task (Kessels, Van Zandvoort, Postma, Kappelle, & De Haan, 2000). The researcher
had a plateau of 9 blocks and tapped the blocks in a certain sequence, starting with tapping on
two blocks after which the number of blocks to be tapped expands. The student had to repeat
the tap sequence. If the student incorrectly repeated the sequence in two trails of the same
length, the task was finished.
Nonverbal reasoning. The nonverbal reasoning skills were assessed with the standardized
Raven Standard Progressive Matrices test (Raven, 1960). The test involved 60 items divided in
five sets with ascending levels of difficulty. Within each item, a figure was presented with one
piece missing. Below the figure, six or eight possible pieces were presented and the student
had to cross out the missing piece. The student could score a point for each item, resulting in a
maximum score of 60.
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Procedure
The data collection was spread out over four days. Students first received a 30-minute
lesson in concept mapping. The concept map lesson took place at least one day prior to the
text reading sessions. During this lesson, students received background information about
when to use concept maps and the structure of the concept map and they practiced with
drawing a concept map together. During the first text reading session, the students filled in
the pre-test questionnaire to determine whether they had low prior knowledge. Then, the
researcher explained what hypertexts are and the students were given time to practice with a
hypertext-structured example text. After the practice trial, the students started reading their
first text and filled in the questionnaire belonging to that text. After answering the questions,
the students had to close the text and draw a concept map about the text they had just read.
Then, the students continued reading the second text, answering the questions and drawing
a concept map. The second text reading session took place at least two days after the first
reading session and was identical to the first reading session, with the exception of filling
in the pre-test questionnaire. Individual sessions to assess student factors were scheduled at
various times before, between or after the reading sessions.

Results
Group differences on individual measures
Measures of pre-test questions (see Table 2.1) showed that students had a low level of prior
knowledge about the text topics (M = 3.02, SD = 1.55). All three groups of students had
nonverbal reasoning scores within the normal range.
To examine whether the working memory scores differed between DHH students,
students with DLD and reading level-matched students, a one-way ANOVA was used (Table
2.1). There was a significant difference between the groups on both verbal (F(2,111) = 8.94,
p < .001, ŋp2 = 0.14 and visuospatial working memory (F(2,115) = 8.21, p < .001, ŋp2 = 0.13 Post
hoc analyses showed that students with DLD had significantly lower verbal working memory
scores than DHH and reading level-matched students. The latter two groups did not differ on
verbal working memory scores. DHH students performed better than the control group on
visuospatial working memory. The score of the students with DLD on visuospatial working
memory did not differ from the other two groups.
Group and text differences on reading comprehension measures
To answer the first research question: “How does hypertext comprehension differ between the
three groups and how does it differ from regular text comprehension?” Repeated Measures
ANOVAS were performed (Table 2.2). Prior to the data analyses, the dataset has been checked
on the statistical assumptions. The measures of reading comprehension appeared to be
not normally distributed. As data transformation did not lead to normal distribution and
no nonparametric analysis was available for the repeated measures mixed design, we used
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a parametric analysis. Reading comprehension measures were used as outcome variable,
text type (RT or HT) was the within-subjects factor and group (DHH, DLD, control) the
between-subjects factor.
Regarding the multiple-choice questions, there was no effect of group or text type on
comprehension, all p’s > .05. Looking at text comprehension, as measured with the concept
map, there was an interaction between text and group regarding the number of hierarchies, the
number of first level concepts and number of third level concepts written down in the concept
map. Further analyses showed that students in the control group only wrote down more
hierarchies after reading the regular linear text than after reading the hypertext (t(60) = 2.08, p
= .04, d = 0.27), but more 3th level concepts after reading the hypertext than after reading the
regular text (t(60) = -2.41, p = .02, d = 0.31). DHH students and students with DLD did not show
differences in the amount of hierarchies and 3th level concepts after reading both text types (all
p’s > .14). The further analyses did not show differences in number of 1st level concepts written
down after each text type for all three groups, all p’s > .05.
The students in the control group took more time to read the text and answer all the
questions than DHH students and students with DLD. A text effect was found only in the
linearity of the pages read. Overall, students read a regular linear text in a linear way, while they
did not in a hypertext.
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Table 2.2
Summary of repeated measures analyses of variance (ANOVA) for the reading related tasks with the
mean scores (M) and standard deviations (SD)
Control (n = 61)
Linear text

Hypertext

M

SD

M

SD

Explicit

3.17

1.11

3.18

1.89

Implicit

2.61

0.98

2.47

1.08

N concepts

7.33

4.28

7.43

4.30

N hierarchies

3.61

1.78

3.19

1.42

First level

3.45

1.80

3.08

1.41

Second level

3.08

2.44

3.28

2.59

		

Third level

0.52

1.22

0.83

1.34

		

Fourth level

0.28

1.23

0.20

0.65

24.37

21.82

26.00

20.23

N pages read

29.01

14.46

28.32

13.37

N unique pages

9.64

1.01

8.92

1.37

947.80

535.83

828.72

343.44

41.53

25.39

38.72

24.66

1

0

.91

.05

Variable
Questions

Concept map

N concept links
		

Complexity

Total reading time (sec)
Reading time per page (sec)
Linearity

Note. All F-values are from the Group X text interaction, unless specified otherwise.
* = p < .05, ** = p < .01; 1 Group effect; 2 Text effect
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2

DLD (n = 31)

Linear text

Hypertext

Linear text

Hypertext

M

SD

M

SD

M

SD

M

SD

F

3.33

1.14

3.50

1.05

2.89

1.01

3.15

1.03

0.62

2.60

1.07

2.34

1.01

2.23

1.07

2.24

0.94

0.37

9.00

4.59

8.56

3.07

6.50

4.39

6.40

4.13

0.05

4.00

1.44

4.15

1.27

3.15

1.24

3.19

1.29

3.68*

3.69

1.44

3.87

1.42

2.90

1.33

2.98

1.41

3.35*

4.13

2.83

3.73

2.07

2.87

2.87

2.79

2.69

0.35

1.00

1.94

0.67

1.03

0.40

1.29

0.52

1.48

3.18*

0.19

0.51

0.27

0.78

0.15

0.81

0.11

0.63

0.28

31.54

22.89

29.45

17.40

21.52

20.64

21.06

20.09

0.17

29.90

22.83

32.35

19.81

31.21

17.19

29.55

13.76

1.11

9.44

1.69

8.96

1.48

9.73

1.26

9.03

1.54

1.13

548.48

216.51

558.80

213.84

761.62

248.58

718.03

255.52

10.211**

36.48

46.45

26.01

21.32

35.03

20.47

31.34

17.89

.57

1

0

.89

.10

1

0

.90

.06

235.152**
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Working memory contributions on hypertext comprehension
Pearson correlations among the hypertext comprehension with the working memory variables
showed a small statistically significant relation between verbal working memory and hypertext
comprehension as measured with multiple-choice questions (r = .20, p = .03) as well with the
concept maps (r = .21, p = .02). A correlation was also found between visuospatial working
memory and hypertext comprehension as measured with multiple-choice questions (r =
.22, p = .02) and concept maps (r = .25, p = .01). Next, two hierarchical multiple regression
analyses were performed to examine the role of verbal and visuospatial working memory in
hypertext comprehension of DHH students and students with DLD, as measured with both
multiple-choice questions and complexity of the concept map (research question 2). Prior to
the analyses, all predictors were centered to prevent multicollinearity and contrasts between
groups were constructed to measure group effect. In step 1, the contrast between DHH
students and control students, the contrast between students with DLD and control students,
and both verbal and visuospatial working memory were entered. In step 2, the interaction
variables between the contrasts and working memory variables were included. Table 2.3 shows
that for both hypertext comprehension as measured with multiple-choice questions as for
hypertext comprehension as measured with a concept map only the first model was significant
(respectively, F(4,113) = 2.62, p = .04, R2 = .09 and F(8,109) = 2.51, p = .02, R2 = .16). There was
no significant addition of the interaction variables. Overall, visuospatial working memory
appeared to be a significant positive predictor of hypertext comprehension, as measured
with both questions and concept map. Verbal working memory did not affect hypertext
comprehension.
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Table 2.3
Regression results predicting score on hypertext comprehension questions and concept map complexity
Questions
Predictor

ΔR2

Step 1

.05**

β

Concept map

ΔR2

β

.112**

Contrast 1

0.040

0.034

Contrast 2

-0.025

-0.090

Verbal Working Memory

0.182

0.166

Visuospatial Working Memory

0.196*

0.241*

Step 2

.016

.043

Contrast 1 X Verbal WM

0.095

0.157

Contrast 2 X Verbal WM

-0.435

-0.888

Contrast 1 X Visuospatial WM

-0.224

-0.077

Contrast 2 X Visuospatial WM

-0.433

-0.334

Total R2 adj

.034

.094

Note. Contrast 1: DHH versus Control; Contrast 2: DLD versus Control. *p < .05 **p < .01

Discussion
The goal of this study was to investigate hypertext reading comprehension within DHH
students and students with DLD and the role of verbal and visuospatial working memory. The
first research question focused on the differences in reading comprehension between text
types and between groups. With respect to the effect of text type on reading comprehension,
the results showed that textbased comprehension of hypertexts in general did not differ from
comprehension of a linear regular text. This result replicates the study of Klois and colleagues
(2013) in children without language problems that showed no influence of text type on
textbased knowledge. Furthermore, although the effects are small, students without language
problems wrote down more hierarchies but less 3th level concepts after reading a regular linear
text than after reading a hypertext. DHH students and students with DLD did not show these
differences in their concept map drawings. It should be mentioned that the comprehension
measures were not normally distributed. Although F-tests are said to be robust against
violations of normality (Lindman, 1974), these results should be interpreted with caution.
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The fact that the hypertext in the current study was hierarchically structured may have
accounted for the result that almost no text effect was found on text comprehension in all
three groups. Contrarily to what was expected, DHH students and students with DLD did not
show additional problems with reading a hypertext than reading a regular linear text. A highly
structured hypertext provides the reader a clear lead and prevents overload and disorientation
(Lee & Tedder, 2004). Reading a more ecological valid hypertext, i.e. a networked structured
hypertext could involve more feelings of disorientation, which may negatively affect reading
comprehension. In fact, to our knowledge, no study has shown negative effects of hypertexts
with a hierarchical structure versus linear texts on text comprehension. Calisir and Gurel
(2003) pointed to the advantage of a hierarchically structured hypertext in readers with low
prior knowledge. They found better comprehension outcomes in adult readers after reading a
hierarchically structured hypertext than a linear text. It is possible that younger children benefit
less from a pre-structured hypertext than adult readers do to regulate their reading behaviour,
but it does not negatively affect them either.
The second research question focused on the effect of verbal and visuospatial working
memory on hypertext comprehension. Visuospatial working memory affected hypertext
comprehension in all three groups, as measured with both textbased questions and concept
maps. Verbal working memory was related to hypertext comprehension, but this relation
disappeared after controlling for visuospatial working memory. The visual internalization of
all connections within the hypertext provides the reader a representation of the hypertext
structure, which decreases feelings of disorientation and cognitive load and facilitates
comprehension. The existence of the role of both types of working memory in hypertext
comprehension in hearing students is in accordance with the study of Pazzaglia et al. (2008).
Current results point toward the important role of working memory within hypertext
reading, even in a highly structured hypertext. However, the precise relation between working
memory and hypertext comprehension remains unknown. The literature review on working
memory effects on hypertexts not only pointed toward a direct effect, but also to an indirect
effect. Effective navigation behaviour is affected by working memory capacity and, in turn,
affects comprehension (Kornmann, et al., 2016). In the study of Fajardo et al. (2008) on
navigation behaviour in DHH students, there was a positive relation between visuospatial
working memory span and percentage of information that was found in DHH students
and they did find the same amount of information within a hypertext as hearing students.
However, the navigation behaviour of DHH students in that study was less effective compared
to hearing students. Further research should focus more on the navigation behaviour of DHH
students and students with DLD, its relation with working memory and its effect on reading
comprehension.
One remaining point for consideration is that the analyses did not take into account
whether or not a page has been read in such a way that the reader has taken up the content.
Nation (2005) states that when a reader reads too fast, he or she is not reading carefully and
will be unable to answer questions based on the text, unless prior knowledge is high enough.
A possible solution would be to control for the number of pages on which the student has
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taken enough time to take up the content. In an attempt to do so, we used the norm of a Dutch
standardized scoring system to monitor the student’s technical reading development during
primary school (i.e., AVI). According to this norm, students should be able to read 209 words of
a text in 103 seconds by the end of primary school. In the additional analyses, we controlled for
the number of pages read not beyond this norm (so those pages that were not read too fast).
We found group effects in favor of DHH students who show higher textbased comprehension
and deeper situation models than students with DLD. They also showed higher comprehension
on several measures than the students without language problems. These results could be
explained by the higher visuospatial working memory skills of the DHH students that affect
hypertext comprehension. Future studies should investigate the effect of careful reading (see
Nation, 2005) on comprehension more deeply.
Some limitations regarding this study need to be addressed at this point. The focus of
the current study was on hierarchically structured hypertexts only, so the results are not
generalizable to other more ecologically valid hypertexts. Furthermore, a comparison was
made only between the DHH students and students with DLD and younger students of the
same reading level, because the focus was on the effect of working memory on hypertext
reading. However, the study does not provide information about the students’ performance
compared to students of the same age. Future studies should investigate the effect of a
networked structured hypertext on the text comprehension and use both reading level as well
as age-matched control groups. By using an age-matched control group, the performance of the
DHH students and students with DLD can also be studied in light of hearing students without
DLD of the same age and give a more complete image of whether there is a developmental
delay in hypertext reading performance.
For the educational field, it is important to understand that students do not face
additional challenges in comprehending hierarchically structured hypertexts, any more than
linear texts. Schools can start to work with hypertexts on the internet from a young age, and
perhaps work towards comprehending more demanding networked texts. To conclude, the
results of this study contributes to the evidence that text comprehension is not affected by
hypertext structure and shows how a highly structured hypertext does not negatively affect
DHH students’ and students with DLD’s text comprehension.
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Abstract
This study aims to investigate secondary school students’ reading comprehension and
navigation of networked hypertexts with and without a graphic overview compared to
linear digital texts. Additionally, it was studied whether prior knowledge, vocabulary,
verbal, and visuospatial working memory moderated the relation between text design and
comprehension. Therefore, 80 first-year secondary school students read both a linear text
and a networked hypertext with and without a graphic overview. Logfiles registered their
navigation. After reading the text, students answered textbased multiple choice questions and
drew concept maps to assess their structural knowledge of each text content. It was found that
both textbased and structural knowledge were lower after reading a networked hypertext than
a linear text, especially in students with lower levels of vocabulary. Students took generally
more time to read the hypertext than the linear text. We concluded that networked hypertexts
are more challenging to read than linear texts, and that students may benefit from explicit
training on how to read hypertexts.

Chapter based on:
Blom, H., Segers, E., Knoors, H., Hermans, D., & Verhoeven, L. (2018). Comprehension and
navigation of networked hypertexts. Journal of Computer Assisted Learning, 34, 1-9. doi: 10.1111/
jcal.12243
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Digital texts on the internet are being used widely to gain knowledge. The majority of these
texts have hyperlinks that are interconnected as a network (networked hypertexts) while
some have hyperlinks being connected in a hierarchy (hierarchically structured hypertexts).
Research in adult readers has shown that networked hypertexts, but not hierarchically
structured hypertexts, are more difficult to comprehend than linear digital texts (Destefano
& Lefevre, 2007) and that navigation in networked hypertexts is related to higher feelings of
disorientation (Müller-Kalthoff & Möller, 2006). It has also been found that a graphic overview
of the text structure can facilitate hypertext reading (Salmerón, Cañas, Kintsch, & Fajardo,
2005), particularly when the reader’s prior knowledge is low (Amadieu, Tricot, & Mariné,
2010). Less is known about hypertext reading in secondary school students. The few studies
that have been conducted on hierarchically structured hypertexts, did not find any differences
in comprehension from linear texts (Klois, Segers, & Verhoeven, 2013, 13-year-olds; Schwartz,
Andersen, Hong, Howard, & McGee, 2004, 9-17-year-olds), and evidenced vocabulary as main
predictor. However, to our knowledge, no study has focused on secondary school students’
comprehension and navigation of networked hypertexts with and without a graphic overview.
The goal of the present study was thus to compare reading comprehension and navigation of
linear digital text versus networked hypertext with and without a graphic overview in proficient
student readers, and to explain their individual variation.

Hypertext comprehension
There is large variation in the structure of digital texts on the internet, ranging from linear digital
texts that can be read from the computer screen in a linear way and hypertexts containing
hyperlinks that can be read by navigating through its constituent hypertext parts. The
underlying structure of a hypertext can be hierarchical with hypertext pages being linked in a
hierarchy or networked with hypertext pages being connected by semantically based, and thus
less structured, hyperlinks. Given its structure, a hypertext forces the reader to actively decide on
the reading path to be followed and can thus be seen as highly self-regulated (Charney, 1994).
Two opposing views on hypertext reading comprehension can be formulated. On the
one hand, it is assumed that the features of hypertexts are advantageous, because the reader
has to play an active role in the reading process. This rationale can be linked to the cognitive
flexibility theory (Spiro, Coulson, Feltovic, & Anderson, 1988), with a focus on how learning
in complex and ill-structured domains takes place with continuous shifts between so-called
conceptual landscapes (Spiro & Jehng, 1990). Spiro and colleagues (1992) suggested that
hypertext structures increase opportunities to use our knowledge in a flexible way to increase
comprehension. It is assumed that navigating through a hypertext helps expanding, the
connections between its information nodes leading to deeper-level text comprehension
(Müller-Kalthoff & Möller, 2006). On the other hand, it is claimed that reading a hypertext
involves many simultaneous activities including navigation, reading, meaning integration and
updating of the text which put a high demand on the reader’s cognitive load (Sweller, 1988).
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According to the cognitive load theory, hypertext comprehension is highly dependent on prior
knowledge and working memory capacity and may lead to extraneous overload and negative
learning outcomes in cases of ineffective information presentation (Kester & Kirschner,
2009; Niederhauser, Reynolds, Salmen, & Skolmoski, 2000; Sweller, Van Merrienboer, &
Paas, 1998). Recently, Scharinger, Kammerer, and Gerjets (2015) studied the pupil size and
electroencephalogram (EEG) of university students while reading a hypertext and indeed
found additional load when they had to decide to click on a hyperlink.
To date, most studies have pointed towards an advantage of comprehension of linear
texts over hypertexts and thus seem to support the cognitive load theory (see, e.g., Destefano
& Lefevre, 2007). However, this may at least partly be dependent on the hypertext structure.
Son, Park, and Kim (2011) measured knowledge of adult readers after reading a linear text, a
hierarchically structured hypertext and a networked hypertext. Readers who read a linear
text had more declarative knowledge, as measured with questions, than readers who read
a networked hypertext. Readers of the hierarchically structured hypertext did not differ in
declarative knowledge from readers of the other two text structures. Regarding structural
knowledge, which was measured with concept maps, no differences were found between the text
structures. Furthermore, it should be noted that the effect of text structure on comprehension
may also be influenced by characteristics of the reader. In their review, Destefano and Lefevre
(2007) showed that learning outcomes were higher after reading a linear text or hierarchically
structured hypertext than after a networked hypertext, but only for readers with low prior
knowledge and/or low working memory capacity (Amadieu et al., 2010; Lee & Tedder, 2004;
Potelle & Rouet, 2003). It might be that the readers with low prior knowledge and/or working
memory capacity are less able to efficiently navigate through an unstructured text (Shapiro
& Niederhauser, 2004) and have less space to construct a mental representation of the text
without using additional cognitive load (Amadieu & Salmerón, 2014). However, these studies
did not take into account the role of other general reading-related individual skills such as
visuospatial working memory and vocabulary.

The added value of a graphic overview
The information above does assume that text processing and linking information together
is easier in more logically written texts, than in less structured hypertexts. Adapting the
presentation of the text can influence reading outcomes. Following the cognitive load theory, it
can be assumed that using a tool that explicitly represents the connections between hypertext
pages might decrease the negative load of the visual search. As for the cognitive flexibility
theory, one could assume that an explicit drawing of the hypertext structure can support
the reader in the flexible construction of the situation model. A way to visually represent
the underlying text structure is by providing a graphic overview. It could help the reader by
internalizing the structure and enhancing both the textbased (directly derived from the text)
and deeper structural knowledge (integration of related concepts) of the text content. Stull
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and Mayer (2007) found in university students that when an intermediate complex overview
was presented in linear texts, deeper understanding was higher than when no overview was
presented, while textbased understanding was equal. De Jong and Van der Hulst (2002) found
that comprehension of hypertexts with a visual graphic overview in first year undergraduates
was better than comprehension of hypertexts with so-called hints or without any hints.
Salmerón and colleagues (2005) described in their literature review that the effect of an
overview is still inconclusive and depends on the type of comprehension and on the reader’s
level of knowledge. Readers with high prior knowledge do not benefit from an overview, while
the results are mixed in readers with low prior knowledge. Regarding the interaction of prior
knowledge and the structure of a navigable overview, Amadieu and colleagues (2009) showed
that textbased comprehension in readers with low prior knowledge was not affected by the
structure of the overview. For readers with high prior knowledge, a hierarchically structured
overview led to higher textbased comprehension than a network-structured overview. For
deeper knowledge, the reversed pattern was found. The structure of the overview did not
affect deeper comprehension in readers with high prior knowledge. Readers with low prior
knowledge had deeper comprehension when a hierarchically structured overview was present
than when a network-structured overview was present.
Next to prior knowledge, the individual’s reading skills and visuospatial working
memory affected the influence a graphic overview on comprehension (Amadieu & Salmerón,
2014). A graphic overview was helpful for both readers with lower reading skills and/or low
visuospatial working memory capacity, but less for readers with higher reading skills and/or
high visuospatial working memory capacity. Whether the usefulness of a graphic overview is
also affected by the reader’s verbal working memory and vocabulary is yet unknown.

Hypertext navigation
To understand the process of hypertext comprehension, another line of hypertext research
has been done on the readers’ navigation through a hypertext. Hypertext navigation is the
reader’s path through a hypertext and involves the number of pages that the reader visits,
the amount of time spent on each page and to what extent the order of the pages visited
follows a logical, linear order. In general, linear navigation through a hypertext is related to
deeper structural knowledge, but not textbased comprehension, while nonlinear navigation
is not related at all (Salmerón, Kintsch, & Cañas, 2006). Compared to a linear text, navigation
through hypertext is suggested to be related to higher cognitive load and more feelings of
disorientation. Indeed, McDonald and Stevenson (1996) found that adult readers of a linear
digital text rated themselves lower on disorientation than readers of a hierarchically structured
or an unstructured hypertext. Readers of the linear text also showed less navigation problems
than readers of the unstructured hypertext. Miall and Dobson (2001) conducted two studies
in which they compared reading times per node of a hypertext and a linear text. Young adults
reported their reading experiences afterwards. The authors found longer reading times per
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node while reading the hypertext than the linear text. Contrarily to the linear text readers, the
hypertext readers reported more confusion during reading, that they missed something or that
the text was incomplete.
The reader’s navigation behaviour may not only depend on hypertext structure, but also
on the availability of an overview and on the reader’s characteristics. Learning outcomes are low
when prior knowledge and/or visuospatial working memory capacity is low (Müller-Kalthoff &
Möller, 2006; Rouet, Vörös, & Pléh, 2012) and this is suggested to be related to more navigation
problems and disorientation. Furthermore, Rouet et al. (2012) found that the availability of a
graphic overview did not facilitate hypertext navigation and content recall. They speculated
that this is caused by the fact that the hypertext structure was hierarchical in itself and that a
graphic overview was not necessary to facilitate navigation. However, a graphic overview may
very well facilitate effective navigation in networked hypertexts. Amadieu and Salmerón (2014)
suggested that an overview reduces the processing that is necessary for navigation, which
diminishes cognitive load. The role of the readers’ vocabulary and verbal working memory on
navigation behaviour has not been investigated yet.

Hypertext reading in secondary school students
The majority of the research described above was conducted within university students or
adult readers. Only a few studies have focused on hypertext comprehension in primary and
secondary school students (see Segers, 2017 for a review). Salmerón and García (2012) compared
the influence of literacy skills on reading comprehension of linear text versus a hypertext with
navigable overview in 11-year-olds and found higher information integration scores in the
hypertext than the linear text, but no differences were found for textbased questions.
Klois et al. (2013) also compared reading comprehension of linear digital text with and
without a graphic overview to hierarchically structured hypertext with and without an overview
in 13-year-old students. At the textbased level, these students learned more from linear texts
containing an overview than from the other three text designs. However, the mindmap
drawings, reflecting structural knowledge, were more complex in the hypertexts than in the
linear texts. Regarding the text navigation, Klois et al. found no differences in total reading
time among the text designs, but fewer pages were visited in the texts containing an overview.
Another study by Fesel and colleagues (2017) showed no difference in comprehension of a linear
and hypertext, but the availability of an overview was beneficial in sixth graders with low prior
knowledge. Level of vocabulary, but not working memory influenced reading comprehension
of digital texts.
In an eye-tracking study among fifth-grade students, Sung and colleagues (2015) found
higher reading performances in linear texts than in hypertexts. The hyperlinks within these
hypertexts contained the definitions of difficult words and were not interconnected with
other pages. However, students were more likely to be disoriented and had higher cognitive
overload when reading the hypertext. With respect to searching behaviour, Schwartz and
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colleagues (2004) investigated navigation through and recall after reading linear versus
nonlinear hypermedia in children with a large age range from 9 to 17 years and found that more
information was recalled after searching in the linear environment.
In all hypertext studies in students, the focus was on hierarchically structured, but not
on networked structured hypertexts, and the evidence is mixed regarding advantages or
disadvantages of hypertext versus linear text comprehension. Vocabulary clearly is pivotal in
the comprehension of both linear and digital texts in secondary school students. Additionally,
working memory and prior knowledge have been shown to relate to hypertext comprehension.
They are important factors in both cognitive load theory and cognitive flexibility theory.
Secondary school students are young, less experienced, readers, with developing vocabulary
and working memory, and often little prior knowledge. This could lead to a different reading
pattern compared to adult readers. It is therefore important to gain information on individual
variation in hypertext reading and comprehension in this particular group.

3

Current study
To summarize, research in adults and university students show that level of prior knowledge,
vocabulary, verbal and visuospatial working memory affect text comprehension and
navigation of structured hypertexts and that no consensus has been reached regarding the
effect of a graphic overview. Less is known about the role of these individual variables on
networked hypertexts and how these factors and the availability of an overview influence
text comprehension of networked hypertexts in younger secondary school students. If
networked hypertexts pose a challenge for these students, schools should be aware of this, and
adjust reading comprehension lessons accordingly. To our knowledge, studies on hypertext
comprehension and navigation in secondary school students have focused on hierarchically
structured hypertexts only. As networked hypertexts are more ecologically valid, the current
study aimed to investigate text comprehension of and navigation through a linear versus
networked hypertext with and without an overview in secondary school students. Furthermore,
it was investigated to what extent individual factors influence hypertext comprehension.
Textbased comprehension was measured with both implicit and explicit questions and concept
maps assessed deeper structural knowledge.
The research questions were:
1.	What is the effect of text structure (linear vs. networked), with and without a graphic
overview on text comprehension in school-aged students and to what extent is this
effect influenced by individual variation in prior knowledge, vocabulary, and verbal and
visuospatial working memory?
2.	What is the effect of text structure (linear vs. networked), with and without a graphic
overview on text navigation in school-aged students?
We hypothesized text comprehension of networked hypertexts to be lower than that of
linear texts and comprehension of texts without an overview to be lower than texts with an
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overview. It was hypothesized that adding an overview would have a larger positive effect on
the comprehension of a hypertext compared to a linear text. Additionally, it was hypothesized
that the relation between text comprehension and text design would be influenced by
individual skills. More specifically; the students with little prior knowledge, low vocabulary, and
low verbal and visuospatial working memory would comprehend more after reading a linear
text than a networked hypertext, and would benefit more from an overview. For students with
high prior knowledge, high vocabulary, and high verbal and visuospatial working memory,
comprehension would be less influenced by text structure, and benefit less from an overview.
Regarding text navigation, we hypothesized that reading a networked hypertext involves
reading more pages in total and a longer total reading time compared to a linear text and more
total pages and longer reading time while reading a text without an overview than with an
overview. Furthermore, the addition of an overview would have a larger effect on hypertext
navigation compared to linear text navigation, resulting in a decrease of reading time and
number of pages read.

Method
Participants
Three secondary school classrooms in the Netherlands were involved in this study. Participants
were 80 secondary school students (Mage = 12.89, 61.3% boys) in the first grade at pre-university
level. In line with this higher educational track, the mean percentile score of 60.75 (SD = 28.31)
on the Raven Standard Progressive Matrices (Raven, 1960) indicated that the students scored
above average on nonverbal reasoning skills. Scores on a standardized paper-and-pencil lexical
decision task (Van Bon, 2007) showed an average level of technical reading skills (M = 83.64, SD
= 15.00). Both schools and parents gave permission for participation.
Materials
Four geographical texts from the Reader’s Digest for 11 to 14-year olds that were hierarchically
structured in previous studies (Blom, Segers, Hermans, Knoors, & Verhoeven, 2017, see Chapter
2; Klois et al., 2013) were rewritten to construct both a linear text and a networked hypertext
with ten pages containing the exact same content. They only differed in the underlying
connections between the paragraphs. A linear text could only be read in a linear way by clicking
on the “previous” or “next” button on the webpage. The reader always started on the main page
and finished on the last page. The hypertext was constructed in such a way that a page was
linked to other pages by making a hyperlink of that keyword (one or two words) whenever
there was an overlap of content, resulting in a networked hypertext with a total of 30 hyperlinks
of which six were cross-sectional, meaning that they were hyperlinks outside of the original
hierarchical structure. The first page contained four or five hyperlinks, the remaining pages had
on average three hyperlinks per page. For both text structures, an overview was constructed
that gave a graphical representation of the text structure with its interconnections. The
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overview represented the network structure in the networked hypertext and the hierarchical
structure in the linear text. The latter is done so that the reader could get a clear overview of the
deeper original structure of the text. The overview was present on each page within the text.
Both text structures were constructed with and without overview resulting in four different
text designs: linear text without overview, linear with overview, hypertext without overview,
and hypertext with overview. All four geographical topics (Oceania: 669 words, Russia: 649
words, South-America: 681 words, Southeast-Africa: 702 words) were constructed in all four text
designs, resulting in a total of 16 different texts. Logfiles registered how long a reader remained
on each page, the order of the paragraphs read and the total reading time.
Measures
Textbased reading comprehension. Textbased reading comprehension was measured
with explicit and implicit multiple-choice questions that were derived from the Klois et al.
study (2013). Explicit questions were questions of which the answer could be found in the text
literally. Answering implicit questions required making inferences in the text and using general
world knowledge. Each text contained five explicit and five implicit questions with four answer
possibilities and a correct answer was one point.
Structural knowledge. Concept maps were used to assess deeper structural knowledge
(Van Dijk & Kintsch, 1983). Measures of structural knowledge were the score on concept map
complexity, the number of concepts and the number of hierarchies written down in the concept
map. Students received a paper with the text topic in the center and were asked to complete the
concept map by writing down all concepts they remembered from the text. The scoring system
was based on Klois et al. (2013), which had high inter-reliability scores on scoring both first (k =
.95) and second (k = .84) level concepts within the concept maps. The total number of concepts
was counted, as well as the number of hierarchies within the concept map. All concepts that
were directly related to the center were first level concepts. Second level concepts were all
concepts related to the first level concepts and third level concepts were linked to the second
level concepts. The number of first, second, and third level concepts were given two, four and
six points respectively. The score on concept map complexity was calculated by the sum of
these concept scores.
Prior knowledge. Twelve multiple choice questions with four answer possibilities were
used to measure prior knowledge. The questionnaire contained three questions per text of
which one explicit question, one implicit question and one general question about the text
topic. The questions differed from those that measured textbased comprehension.
Reading time. Logfiles registered the students’ activities from the first page until they
clicked the “finished” button. By subtracting begin time from the end time, total reading time
could be calculated. Also, the reading time per unique page was calculated using the logfiles.
The total number of pages read was also registered.
Linearity of navigation. The linearity of the reading sequence was calculated using the
logfiles. The order of all pages visited were analyzed and scored. Whenever a reader moved
from a page to a page that was one level up or below the current level or moved to a same-level
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page of the same topic, this transfer received one point. All other navigations received zero
points. The score on linearity was calculated as the mean score of all transfers within the text
and can range from 0 to 1 (perfectly linear).
Vocabulary. The Peabody Picture Vocabulary Test-III-NL (PPVT-III-NL; Dunn, Dunn, &
Schlichting, 2005) measured the students’ vocabulary level. Students were presented with four
pictures and pointed to the correct picture that matched the word presented by the researcher.
Each correct answer was given one point. A set consisted of 12 items and all students started
at set 8. The task was finished when they reached the end of set 15 or after nine or more errors
within a set. Reliability scores of the PPVT ranged from .89 to .97.
Verbal working memory. Students’ verbal working memory level was measured using
the forward and backward digit span task (Kort et al., 2005). In the first part, the student was
asked to repeat a sequence of digits, increasing in length (test-retest reliability = .91). In the
second part, the sequence had to be recalled in the reversed order (test-retest reliability = .76).
There were two items per sequence length, resulting in a total of 16 items in the forward and 14
items in the backward task. The task was finished when two items of the same sequence length
were recalled incorrectly. The sum score of the correctly recalled sequences on the forward and
backward digit span task (Max = 30) indicated the score on verbal working memory.
Visuospatial working memory. The Corsiblock task (reliability scores ranging from r = .81
to r =. 89) was used to measure visuospatial working memory (Kessels, Van Zandvoort, Postma,
Kappelle, & De Haan, 2000). A plate with nine blocks was placed in front of the student. The
student had to tap the blocks in the same sequence as the researcher did and one point was
given for each correct sequence. There were two items per sequence length and 16 items in total.
The sequence length started with tapping two blocks and increased as long as the student gave
correct recalls.
Procedure
Prior to the test sessions, the students received a lesson about how to draw concept maps and
practiced with drawing a concept map to ensure that everyone understood the concept and
procedure. Reading comprehension was measured within two sessions on different days with
at least one day in between. During the sessions, the students read one linear text and one
hypertext. A student always read four different text types in a randomized order, so when the
linear text was read without a graphic overview, the hypertext contained an overview and when
the hypertext was read without an overview, the linear text contained an overview. At the first
session, the students received instructions and practiced with reading a text. This practice text
contained three pages, of which one page with hyperlinks and one page on which the students
could only click on back and forth, so that the students became familiar with the features of
both text structures. The final page only stated that the students finished their practice session.
Additionally, on the linear page, a graphic overview of the text structure was present to show
them what an overview would look like. Then, the students read their first text, after which
they answered the questions and then drew a concept map about the text topic. The same
procedure followed with the second text. The second reading session was equal to the first
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session, but there was no practice text. Next to the reading sessions, each student was tested
one-on-one for all individual measures.
Data analyses
To answer the first research question, Repeated Measures ANCOVA’s were conducted
with the four variables related to reading comprehension as outcome variables and text
structure (hypertext, linear text) and the availability of an overview (available, not available)
as within-subject variables. Additionally, prior knowledge, vocabulary, and verbal and
visuospatial working memory were included as covariates. By including them as covariates,
possible interaction effects could be determined. To assess the influence of text design on
navigation, Repeated Measures ANOVA’s were conducted with the four navigation measures
as outcome variables and text structure and the availability of an overview as within-subject
variables. Correlation analyses were used to analyze the significant interaction effects.

3

Results
Table 3.1 provides the means and standard deviations of all students on the individual measures.
Students’ scores on prior knowledge were above chance level, indicating that they had some
prior knowledge about the text topics they had read. The students’ text comprehension scores
are shown in Table 3.2. Reliability analyses of the reading comprehension questions showed a
sufficient Cronbach’s alpha (alpha = .70). The results on the Repeated Measures are presented
in Table 3.3. Only significant results will be discussed below.
Table 3.1
Means and standard deviations per individual measure
M

SD

Range

5.34

1.53

2-8

Vocabulary

137.09

12.70

104-159

Verbal working memory

14.56

2.26

10-22

Visuospatial working memory

9.19

1.58

6-13

Prior knowledge
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Table 3.2
Raw means and standard deviations for the reading-related measures per text design
LT

LTO

HT

HTO

M

SD

M

SD

M

SD

M

SD

7.56

1.47

7.29

1.55

6.99

1.83

6.85

1.80

Comprehension
Questions
Concept maps
		

Complexity

54.80

30.95

53.83

36.25

43.71

25.83

46.68

29.40

		

N Concepts

14.20

6.02

13.44

6.80

11.56

5.07

12.18

5.64

		

N Hierarchies

4.68

1.72

4.05

1.53

4.09

1.39

4.11

1.58

N pages read

17.89

10.54

14.51

5.42

24.84

8.01

23.15

10.08

Total reading time

367.01 148.07 396.45 149.17

Reading time per page

26.25

11.94

32.28

14.68

18.11

8.48

21.39

10.46

1

0

1

0

.76

0.11

.72

0.13

Navigation behaviour

Linearity

417.38

263.57 448.94 288.76

Note: LT = Linear text; LTO = Linear text with overview; HT = Hypertext; HTO = Hypertext with
overview.
Effect of text structure, overview and individual skills on comprehension
Questions. To measure the effect of question type on reading comprehension, we
included for this specific analysis question type (explicit, implicit) as within-subject variable.
Because there was no effect of question type, this variable was not included in Table 3.3 for
clarity’s sake. The effects of text structure (F(1,75) = 5.14, p = .026, ŋp2 = 0.064), vocabulary (F(1,75)
= 45.91, p < .001, ŋp2 = 0.38) and the interaction between text structure and vocabulary (F(1,75)
= 4.03, p = .048, ŋp2 = 0.051) were significant. This interaction can be explained by the fact that
the correlation between level of vocabulary and reading comprehension, as measured with
textbased questions, was stronger for hypertext comprehension (r = .577, p < .001) than for
linear text comprehension (r = .497, p < .001).
Concept maps. Regarding the concept map complexity, there was an interaction effect of
text structure and visuospatial working memory, F(1,75) = 5.46, p = .022, ŋp2 = 0.068. However,
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correlation analyses showed no significant correlations of level of visuospatial working memory
with either the complexity of the concept map of regular texts (r = .094, p = .40) or hypertexts
(r = -.104, p = .36).
There was an interaction between text structure and visuospatial working memory on the
number of concepts within the concept map, F(1,75) = 4.35, p = .040 ŋp2 = -0.055. Again, level
of visuospatial working memory was not correlated with the number of concepts within the
concept map of linear texts (r = .082, p = .47) and hypertexts (r = -.100, p = .38).
Next to main effects of availability of an overview (F(1,75) = 6.42, p = .013, ŋp2 = 0.079) and
vocabulary (F(1, 75) = 9.96, p = .002, ŋp2 = 0.117), there was an interaction effect of vocabulary
and the availability of an overview on the number of hierarchies written down in the concept
map, F(1,75) = 8.86, p = .004, ŋp2 = 0.106. Correlation analyses showed a significant negative
correlation of level of vocabulary with the number of hierarchies written down after reading
a text without an overview (r = -.442, p < .001), indicating that students with lower vocabulary
level wrote down more hierarchies than students with a higher vocabulary level when they
read a text without an overview. There was no correlation of vocabulary level and number of
hierarchies written down after reading a text with an overview (r = -.177, p = .12).
Effect of text structure and overview on navigation
Regarding the total number of pages that was read, there was a main effect of both text
structure, F(1,79) = 53.72, p < .001, ŋp2 = 0.405, and the availability of an overview, F(1,79) =
9.92, p = .002, ŋp2 = 0.112. A larger number of pages was read in a hypertext than in a linear
text, and a larger number of pages was read in a text without an overview compared to a text
with an overview.
When the total reading time was analyzed, there was a main effect of text structure,
F(1,79) = 4.89, p = .030, ŋp2 = 0.058. More reading time was spent on hypertexts than on linear
texts.
Regarding the average reading time per page, there was a main effect of both text
structure, F(1,79) = 69.65, p < .001, ŋp2 = 0.469, and availability of an overview, F(1,79) = 20.85,
p < .001, ŋp2 = 0.209. Students spent more reading time per page on linear texts than on
hypertexts and they spent more time per page on texts with an overview compared to texts
without an overview.
Regarding the linearity of the navigation path, there was an effect of text structure,
F(1,79) = 736.58, p < .001, ŋp2 = 0.903. Linear texts were read perfectly linear, while hypertexts
were not.
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Table 3.3
Overview of the Repeated Measures AN(C)OVAS with main and interaction effects
ANCOVA effects (F)
Variable

Main effect
covariates

X Text

X Overview

Text
X Overview

5.14*

0.06

0.44

45.91**

4.03*

0.08

0.38

Verbal working memory

0.23

0.24

0.20

1.21

Visuospatial working memory

2.92

0.01

0.08

0.55

Prior knowledge

0.24

0.11

0.01

0.27

0.27

0.11

0.28

Questions
Vocabulary

Concept map complexity
Vocabulary

3.17

0.64

0.17

0.60

Verbal working memory

2.42

0.11

1.05

2.80

Visuospatial working memory

0.21

5.46*

0.29

0.51

Prior knowledge

0.09

1.05

0.24

2.90

0.01

0.29

0.10

N concepts
Vocabulary

1.93

0.98

2.96

0.60

Verbal working memory

2.63

0.00

1.70

2.95

Visuospatial working memory

0.24

4.35*

1.34

0.26

Prior knowledge

0.08

1.86

0.87

2.33

0.82

6.42*

1.46

9.96**

0.82

8.86**

0.53

Verbal working memory

0.01

1.20

0.27

0.98

Visuospatial working memory

0.08

0.56

0.65

0.29

Prior knowledge

0.11

1.04

1.98

0.17

53.72**

9.92**

1.23

4.89*

2.00

0.00

Reading time per page (sec)

69.65**

20.85**

1.56

Linearity

736.58**

3.20

3.20

N hierarchies
Vocabulary

N pages read
Total reading time (sec)

Note. The value of 5.14 represents the main effect of text on questions, while the value of 4.03
represents the interaction of text and vocabulary on questions. * = p < .05; ** = p < .01
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Discussion
The goal of this study was to investigate reading comprehension of networked hypertexts versus
linear digital texts in secondary school students and whether the presence of an overview and
the reader’s characteristics affected reading comprehension. Furthermore, it was investigated
whether text structure and availability of an overview affected navigation.
Regarding the first research question, the results showed that textbased comprehension
was lower after reading a networked hypertext than a linear text, but this relation was influenced
by vocabulary level. It seems that lower vocabulary levels especially impair comprehension
of networked hypertexts compared to linear texts. The theory that this particular hypertext
representation causes a high cognitive load that negatively affects reading outcomes (Kester &
Kirschner, 2009; Niederhauser et al., 2000) holds only for students with lower vocabulary levels.
Vocabulary is by definition related to general knowledge, and to construct deeper structural
knowledge, both prior content-related information and general world knowledge are needed
(Perfetti & Stafura, 2014). Our finding that students with lower vocabulary are more affected
by the hypertext structure can be explained by weaker word-meaning connections compared
to students with higher vocabulary. Consequently, it may have been more difficult for them
to gain deeper knowledge when the text structure was less obvious, because they had more
difficulties with understanding the semantically based relations between the pages.
Students with lower levels of vocabulary wrote down more hierarchies when no overview
was present, suggesting that, for them, the presence of an overview did not decrease the
cognitive load while reading. This is comparable with a study by Hofman and Van Oostendorp
(1999). They distinguished low and high knowledgeable readers and showed that an overview
did not affect comprehension on textbased level. However, structural knowledge in low
knowledgeable readers was better when no overview was present. The authors suggested that
an overview of the text structure distracts less knowledgeable readers from local information
that they need to construct deeper knowledge.
The effect of an overview on both cognitive load and hypertext comprehension remains
unclear. This is also due to a variety of features of the overview that has been used in the current
study and the studies reported in the overview of Amadieu and Salmerón (2014). The overview
in the current study was a static overview, representing the exact underlying structure of the
networked hypertext. If the overview had been a simplified, hierarchical representation of
the networked hypertext, it could have resulted in a different outcome, as it would have given
a clearer structure and perhaps lowered the reader’s extraneous load. Other studies used
a navigable overview (Amadieu et al., 2009; 2010; Potelle & Rouet, 2003) and found that
static and dynamic overviews both relate to different comprehension outcomes and levels of
extraneous load (Bezdan, Kester, & Kirschner, 2013).
Contrarily to what was expected, there was no influence of prior knowledge on the
relation between text design and comprehension. Perhaps the measure of prior knowledge
was too narrow, because the pre-questions were text-specific. Additionally, there was no effect
of question type on textbased comprehension and this was also not influenced by text design
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or readers’ skills. This does not correspond to the study of Potelle and Rouet (2003) who found
overall higher scores on explicit questions than implicit questions in psychology students and
that readers with low prior knowledge scored higher on implicit questions when a hierarchical
map was present compared to a network map or an alphabetic list. This effect was not found
in readers with high prior knowledge. It is, however, in line with other studies in younger
age-groups (Segers, 2017). More developmental research would be necessary to explain these
differences.
The second research question focused on the effect of text design on navigation. As
hypothesized, more pages in total were read in a hypertext versus a linear text and in a text
without an overview versus with an overview, which seems to suggest that readers went back
and forth more often within the text when no clear text structure was available. This was also
indicated by the finding that readers spent more time in total on reading a hypertext than a
digital text. The study by Klois et al. (2013) did not show longer reading times in hierarchically
structured hypertexts than in linear texts, indicating that the networked structure of the
hypertext requires more time to navigate through than a hierarchically structured text.
Another result in this study was that the average time spent per page was lower in
hypertexts than in linear texts and lower in texts without an overview than with an overview.
The effect of text structure on reading time per page is not in accordance with the result of
the Miall and Dobson study (2001) who found higher reading times on average per page in
hypertexts. Fitzsimmons and colleagues (2016) measured eye movement during hypertext
reading and stated that young adult readers engage in three stages when reading a hypertext.
They first scan the page very quickly at bottom and top and they check whether there are
hyperlinks present. Then they read the text in a linear way from top to bottom, after which they
scan the page again to choose the hyperlink to click on. In a linear text, a reader only reads the
text from top to bottom, which makes it more logical to find higher reading times per pages in
a hypertext. However, as we found the reversed pattern, it seems that younger readers do not
engage in these three stages. Eye-tracking studies with the current age group are necessary
to understand these differences. As we found that hypertext comprehension is lower than
linear text comprehension, the question remains whether the readers’ scanning behaviour was
effective and efficient enough for good comprehension. According to Salmerón, Naumann,
García, and Fajardo (2016), good reading comprehension depends on a balanced trade-off
between scanning and deeper processing. In their study, comprehension of a specific type of
hypertext in less skilled readers was unaffected by scanning through the hypertext, while skilled
readers showed less comprehension when they scanned a hypertext. The participants in current
study were proficient readers, for their age, at pre-university level and their comprehension
may have been influenced by their navigation behaviour.
What should be mentioned regarding the difference in comprehension and navigation
of hypertexts versus linear texts is the fact that the hypertext contained 15 hyperlinks in total,
which was about three hyperlinks per page. The pages in the linear text only contained two
buttons; one for “previous” and one for “next”, and in a previous study with hierarchically
structured hypertexts, there were in total 18 hyperlinks (Blom et al., 2017, see Chapter 2).
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Although Madrid, Van Oostendorp, and Melguizo (2009) did not find an effect of number of
links, this difference in features may play a role in the reduced comprehension and higher
reading times in hypertexts.
This study had some limitations that should be mentioned at this point. The order effects
of the Repeated Measures ANOVA were controlled for by the randomization of the texts within
the participants. The use of multiple-choice questions limits the types of knowledge assessed,
and the texts that were used will impact the results, and thus limit the generalizability of
the conclusions. Additionally, the participating students were a high-achieving sub-group of
the general population. Furthermore, this study did not contain a hierarchically structured
hypertext, which could have been useful for the comparison between a linear digital text, a
structured hypertext and a networked hypertext. Only a few process measures were used to
investigate comprehension and the navigation behaviour of the reader. Eye-tracking could
provide insights into where the readers look on the computer screen, their navigation paths,
and actual fixation time per page. Future studies should also focus on the specific overview
features that support reading comprehension of hypertexts, should consider how the quality of
the concept map should be measured and whether the focus should be more on the structure,
the interrelations between the concepts, and the centrality of those concepts instead of the
quantity of the concepts and hierarchies.
The practical implications of this study are mainly focused on educational settings. Reading
a networked hypertext poses a challenge for secondary school students, while this is often not
as such recognized, as this age-group is sometimes regarded as digital natives (Prensky, 2001).
Especially students with lower vocabulary levels need additional help. Students may benefit
from explicit training on how to read hypertexts, and on what they should pay attention to while
navigating the networked hypertext (see e.g., Fesel, Segers, De Leeuw, & Verhoeven, 2017). In
conclusion, we showed that for 13-year olds, reading a networked hypertext negatively impacts
comprehension as well as navigation behaviour, especially for those with lower vocabulary.
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Chapter 4
Networked hypertext comprehension
in students with hearing or language
problems

HYPERTEXT COMPREHENSION IN STUDENTS WITH HEARING OR LANGUAGE PROBLEMS

Abstract
The compensatory effects of a graphic overview and the effects of students’ cognitive-linguistic
skills on the comprehension of networked hypertexts were investigated in students with hearing
or language problems. Networked hypertext comprehension of 28 deaf/hard-of-hearing (DHH)
students and 33 students with a Developmental Language Disorder (DLD) was compared
to that of 77 hearing students with a comparable reading level and 60 hearing students of a
comparable age. The results showed lower networked hypertext comprehension of DHH
students and students with DLD compared to hearing students of the same age, but not to
those of the same reading level. Hypertext comprehension was mainly predicted by vocabulary
level. Across groups, students with lower vocabulary benefitted from a graphic overview in
comprehending networked hypertexts. It was concluded that although DHH students and
students with DLD have more problems with the comprehension of networked hypertexts
than hearing students without language problems, the difficulties are predominantly caused
by their generally lower vocabulary size.

Chapter based on:
Blom, H., Segers, E., Knoors, H., Hermans, D., & Verhoeven, L. (2019). Comprehension of
networked hypertexts in students with hearing or language problems. Learning and Individual
Differences, 73, 124-137. doi: 10.1016/j.lindif.2019.05.006
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The shift in educational settings from using printed material towards the digitalization of
information sources calls for more clarification of how students’ digital reading develops.
Although the networked structured hypertext is the most frequent available digital text type
on the internet, there are studies showing that comprehension of this type of hypertext is
generally lower than comprehension of a linear digital text in typically developing readers
(Destefano & Lefevre, 2007; Lee & Tedder, 2003). Studies in typically developing students have
shown that both textual tools as well as the readers’ cognitive-linguistic skills can play a role in
the comprehension of networked hypertexts. It has been shown that the use of organizational
textual tools such as a graphic overview can visualize the underlying text structure and thus
facilitate hypertext comprehension (Destefano & Lefevre, 2007). Also, having higher vocabulary
and verbal and visuospatial working memory capacity has been shown to support networked
hypertext comprehension (Blom, Segers, Knoors, Hermans, & Verhoeven, 2018, see Chapter
3; Pazzaglia, Toso, & Cacciamani, 2008). Studies on digital text comprehension in special
populations are scarce, especially in the younger age group (Segers, 2017). Students with hearing
or language problems show a delay in their general reading development and generally have a
lower vocabulary size, as well as a lower verbal and visuospatial working memory capacity (e.g.,
Archibald & Gathercole, 2006; Rice & Hoffman, 2015). These students may thus face additional
problems in comprehending networked hypertexts, and a graphic overview may be beneficial
for them. The goal of the current study was therefore to compare the networked hypertext
comprehension of deaf/hard-of-hearing (DHH) students and students with a Developmental
Language Disorder (DLD) to that of hearing peers without spoken language problems and to
investigate the compensatory role of a graphic overview and the effects of cognitive-linguistic
skills for these students.

Networked hypertext comprehension
While online, a reader faces different types of digital texts. Linear digital texts are read
from top to bottom, in a linear way. A hypertext, a digital text containing hyperlinks, can be
hierarchically structured or networked structured. A hierarchically structured hypertext has an
underlying structure that is recognizable for the reader. The reader can logically assume that a
page about birds can be reached through the page about animals. In a networked structured
hypertext, the type that is most frequently available on the internet, all pages that share some
content-related overlap are linked together. As a consequence, there is no clear underlying
structure. The general assumption that comprehension of hypertexts is more difficult than
comprehension of linear digital texts is not consistently shown in all studies (Blom et al.,
2018, see Chapter 3; Burin, Barreyro, Saux, & Irrazábal, 2015; Destefano & Lefevre, 2007; Fesel,
Segers, & Verhoeven, 2018; Zumbach & Mohraz, 2008). This might be due to the different
hypertext structures that are used or that there is large variation in cognitive-linguistic skills
among the participants across the studies. For example, skilled adult readers may experience
less problems, than children with low prior knowledge. When the role of the readers’ skills
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is considered, it is suggested that comprehension of a networked hypertext mainly depends
on the readers’ cognitive-linguistic skills among which vocabulary knowledge and working
memory capacity play a prominent role (Blom et al., 2018, see Chapter 3; Destefano & Lefevre,
2007; Pazzaglia, et al., 2008).
Blom et al. (2018, see Chapter 3) found in their study that, compared to secondary school
students with high vocabulary levels, students with lower vocabulary levels seem to have
more difficulties with comprehending a networked hypertext than a linear digital text. It is
suggested that students with lower vocabulary levels have more difficulties with making a
coherent story of the text content if the text structure is not clear enough to help them making
explicit connections between pages. In the same vein, prior knowledge and background
knowledge are actively involved in making explicit connections between pages. Other studies
have also shown that readers with little prior or background knowledge have more difficulties
with comprehending a networked hypertext than a hierarchically structured hypertext.
Reading comprehension of readers with high prior knowledge or background knowledge was
not affected by text structure (Amadieu, Tricot, & Mariné, 2009; Potelle & Rouet, 2003). The
authors of these studies also point towards the important role of general world knowledge,
together with vocabulary (Hirsch, 2003), for making semantic connections between text
pages in networked hypertexts.
Similar to the above described effect of vocabulary level, there is an effect of working
memory on the relation between text structure and reading comprehension. The readers’
working memory capacity plays a role during hypertext reading (Destefano & Lefevre, 2007).
The use of both verbal and visuospatial working memory ensures that the reader is able to
remember and integrate all the relevant information from different pages into a coherent
story of the text content, while making decisions on which reading path to follow (Pazzaglia, et
al., 2008). On the one hand, it is suggested that simultaneously performing all these activities
during reading hypertexts causes a higher cognitive load which is detrimental for hypertext
comprehension (cognitive load theory; Niederhauser, Reynolds, Salmen, & Skolmoski, 2000).
On the other hand, the reader is encouraged to take a flexible stand in his own learning
process and to actively use his own knowledge to construct a model of an ill-structured text
by learning to understand the underlying connection between different pages, which could
facilitate hypertext comprehension (cognitive flexibility theory; Spiro & Jehng, 1990). Hahnel,
Goldhammer, Kröhne, and Naumann (2017) found in their study among 15-year old students
that efficient working memory skills positively affected digital text comprehension, even
after controlling for linear text comprehension. Lee and Tedder (2003) demonstrated that the
capacity of verbal working memory influences the effect of text structure on comprehension.
Undergraduate students with low working memory capacity had lower text comprehension
scores after reading a hypertext than a linear text, whereas students with high working
memory capacity did not show differences in comprehension. A possible explanation is that
while reading a networked hypertext, the reader must keep the information in memory for a
longer period of time, which is more difficult for readers with low working memory capacity.
This can be detrimental for hypertext comprehension. Indeed, Destefano and Lefevre (2007)
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point in their review to the beneficial effects of structured texts for readers with low verbal
working memory.

Effect of overview on digital text comprehension
It has been suggested that the use of organizational tools in a networked hypertext, such
as navigation maps or hyperlink preview information, can play a compensatory role in
comprehension. This is particularly the case for readers who have difficulties with reading and
comprehending these texts as it would support them to follow a more coherent navigation path
(Amadieu & Salmerón, 2014; Kester & Kirschner, 2009). A specific type of an organizational
tool is a graphic overview. It is a visualization of the underlying text structure in which the
connections between pages are presented and can be dynamic (i.e., navigation possible by
clicking on the nodes in the overview) or static (i.e., non-clickable words in the overview). There
has been a debate about the effect of a graphic overview: on the one hand, the availability of a
graphic overview may help the reader to navigate through a networked hypertext and facilitate
comprehension, but on the other hand it could distract the reader and thereby decrease
comprehension (Salmerón, Canas, Kintsch, & Fajardo, 2005). Study results thus far remain
inconclusive; while one study (Brinkerhoff, Klein, & Koroghlanian, 2001) demonstrated that
the overview has no added value on hypertext comprehension and navigation, another study
(Müller-Kalthoff & Möller, 2004) did show that an overview can lead to higher comprehension
scores.
The compensatory effect of an overview on hypertext comprehension partly depends on
the readers’ skills (Amadieu & Salmerón, 2014). For example, Fesel et al. (2018) found that for
children with lower prior knowledge, the availability of an overview facilitates hierarchically
structured hypertext comprehension. Level of vocabulary and verbal working memory capacity
did not affect the effect of an overview on hypertext comprehension. The study of Vörös, Rouet,
and Pléh (2009) showed that the effect of an overview depends on the visuospatial working
memory capacity of the adult reader. If readers have lower visuospatial working memory
capacity, they benefit from the availability of an overview while reading a hypertext. More
specifically, when an overview was present, readers with lower visuospatial working memory
capacity performed comparable to readers with higher visuospatial capacity in describing the
structure of the hypertext while the latter group outperformed them when no overview was
present. It remained unclear whether this also affected comprehension of the text content. In
the same vein, Naumann, Richter, Flender, Christmann, and Groeben (2007) showed in their
study among university students that hypertexts with signals, such as navigable overviews
or hyperlinks that show the conceptual structure of a text part, are more beneficial for poor
readers than for good readers. The authors suggested that the signals can help the poor readers
with a coherent representation of the text structure, thereby facilitating text comprehension.
No studies have yet investigated whether verbal working memory capacity and vocabulary size
are also important in the effect of a graphic overview on networked hypertext comprehension.
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Readers with hearing or language problems
The information above suggests that networked hypertext comprehension can be facilitated
by the availability of a graphic overview and the readers’ working memory and vocabulary.
Students who are deaf or hard-of-hearing (DHH) or who have a Developmental Language
Disorder (DLD) show problems in their spoken language development. Whereas the spoken
language delay in DHH students stems from their restricted auditory input, the exact cause
in students with DLD is largely unknown. Consequently, both groups of students face
difficulties in their reading comprehension development (Bishop & Snowling, 2004; Kyle &
Cain, 2015; Wauters, Van Bon, & Tellings, 2006) and vocabulary (Coppens, Tellings, Verhoeven,
& Scheuder, 2011; Rice & Hoffman, 2015) compared to students without hearing or language
problems. Additionally, DHH students show a delay in general world knowledge, which is also
suggested to affect reading development (Convertino, Borgna, Marschark, & Durkin, 2014). A
verbal working memory deficit is a particular characteristic that is found in students with DLD
(Archibald & Gathercole, 2006; Montgomery, 2000) and the meta-analysis of Vugs, Cuperus,
Hendriks, and Verhoeven (2013) showed that the deficit also extends to visuospatial working
memory, although to a lesser extent than the verbal component. Studies on visuospatial
working memory capacity in DHH students do not show a consistent pattern. Cleary, Pisoni,
and Geers (2001) reported lower scores on visuospatial memory tasks in deaf children with a
cochlear implant compared to hearing children, whereas a study of Marschark et al. (2015) in
deaf individuals with and without cochlear implants did not show differences in visuospatial
ability compared to hearing peers. Regarding the verbal working memory, studies of Pisoni and
colleagues (2008; 2011) showed that deaf students with cochlear implants score lower than
hearing students on the memory tasks with spoken stimuli.
Regarding the digital text comprehension of students with hearing or language problems,
not much is known yet. Blom, Segers, Hermans, Knoors, and Verhoeven (2017, see Chapter 2)
compared the reading comprehension of hierarchically structured hypertexts versus linear
digital texts in DHH students, students with DLD and hearing students without hearing
or language problems with the same general, offline reading level. The results showed
comparable digital text comprehension scores among the three groups of students; the
DHH students and students with DLD did not experience more or less difficulties with
comprehending hierarchically structured hypertexts than linear digital texts. In addition,
verbal working memory capacity positively predicted hypertext comprehension of structured
hypertexts. Harris, Terlektsi, and Kyle (2017) demonstrated the relation between vocabulary
level and general reading comprehension to be stronger in DHH students than in their
hearing peers and another study of Blom et al. (2018, see Chapter 3) showed an effect of
vocabulary level for networked hypertext comprehension in hearing students. But the effects
of vocabulary level and both verbal and visuospatial working memory capacity, as well as
the graphic overview on networked hypertext comprehension in DHH students and students
with DLD has yet to be investigated. Furthermore, the question remains whether, compared
to hearing peers without language problems, DHH students and students with DLD would
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face additional challenges in reading comprehension when the hypertext is networked
structured.

The present study
The research described above shows that DHH students and students with DLD do not have
more problems in comprehending hierarchically structured hypertexts than hearing peers.
However, the majority of the digital texts on the internet are networked hypertexts and it
is still unknown how DHH students and students with DLD comprehend these networked
hypertexts versus linear digital texts compared to hearing students, what the effects of
cognitive-linguistic skills (i.e., vocabulary level and verbal and visuospatial working memory
capacity) are and whether the availability of a graphic overview can play a compensatory role.
DHH students and students with DLD generally have a reading development delay of about
three years (Wauters, et al., 2006; Haynes & Naidoo, 1991). Therefore, we aimed to compare
their digital reading comprehension not only with students of the same age without hearing
and language problems, but also with students who were three years younger so that they
had a comparable general reading level. For the present study, our research questions were:
1.	How does comprehension of networked hypertexts, with and without an overview,
differ from linear text comprehension in DHH students and students with DLD
compared to hearing students of the same age and hearing students with the same
reading level?
2.	What is the role of vocabulary and verbal and visuospatial working memory in
networked hypertext comprehension in the four groups?
Regarding the first research question, we expected reading comprehension to be lower
in DHH students and students with DLD than in hearing students without DLD with a
comparable age and to be comparable to hearing students without DLD with a comparable
reading level. Additionally, we expected that the gap between the groups of students
with hearing and language problems and the age comparison group would be larger in
networked hypertexts than in linear texts, as the role of both vocabulary level and working
memory capacity (which are known to be lower in DHH students and students with DLD)
seems to be more prominent in networked hypertexts. Furthermore, it was expected that
the graphic overview would facilitate networked hypertext comprehension, as it can play a
compensatory role.
Regarding the second research question, we expected that the effect of the text
structure and overview would differ as a function of vocabulary level, verbal working
memory and/or visuospatial working memory capacity. More specifically, we expected that
students with lower vocabulary level, lower verbal working memory capacity and/or lower
visuospatial working memory capacity would show lower comprehension scores when they
read a networked hypertext compared to a linear text and lower scores if a graphic overview
was not available. Across groups, we expected these differences to be larger in DHH students

81

4

HYPERTEXT COMPREHENSION IN STUDENTS WITH HEARING OR LANGUAGE PROBLEMS

and students with DLD than in hearing students. Students with a high vocabulary level
or high verbal or visuospatial working memory capacity would not show differences in
comprehension between text designs.

Method
Participants
This study took place in the Netherlands and involved a total of 207 students. Due to incomplete
data, nine students have been excluded from the data analyses, resulting in a total of 198
students in the dataset. The group included 95 boys and 103 girls (Agerange = 9-15). The students
were divided into four groups. The first group consisted of students who are diagnosed as deaf
or hard-of-hearing. In the Netherlands, such a diagnosis is given by audiological diagnostic
centers specialized in language and communication disorders when a hearing loss is present.
A group of 28 DHH students (AgeMean = 13;2) participated in this study of whom seven were
from mainstream schools (grade 5-7; Agerange = 12-14), one followed education in a special
unit in a mainstream school (grade 7; Age = 14) and 20 students were from four different
special schools (grade 6-9; Agerange = 12-15). Except for two students, all DHH students had
hearing devices. This was either one cochlear implant (n = 6), two cochlear implants (n = 8),
two hearing aids (n = 11) or a combination of both (n = 1). Most of these students used spoken
language at home (n = 19), but five students used sign language. The remaining students (n =
4) used sign supported speech at home. The second group consisted of students who have a
Developmental Language Disorder. In the Netherlands, such a diagnosis is given by diagnostic
centers specialized in language and communication disorders when a severe impairment is
found on speech or language development. A group of 33 students with DLD (AgeMean = 14;0)
participated in this study of which 12 students were from one special secondary school (grade
7-9; Agerange = 13-15). While three students followed mainstream education (grade 6 & 7; Agerange
= 12-14), 18 students followed secondary education in a special unit in a mainstream school
(grade 7 & 8; Agerange = 12-15). Special schools for DHH students and students with DLD were
approached for participation and letters were distributed for DHH students and students with
DLD in mainstream education in which they could sign up for participation.
In addition, it was aimed to find two comparison groups in this study; one group of hearing
students without DLD with a comparable age and one group of hearing students without DLD
with a comparable reading level. For the latter comparison group, students who were three
years younger participated and it was checked in the analyses whether reading level was indeed
comparable via the reading scores on the linear texts. The age comparison group consisted
of 77 students without hearing or language problems (AgeMean = 13;0) from three different
educational level schools at grade 7 (Agerange = 12-14). The reading level comparison group
consisted of 60 students without language or hearing problems from grade 5 and 6 (Agerange =
9-13) of four primary schools (AgeMean = 10;7). The four groups in this study did not differ from
each other in prior knowledge about the text content they were going to read, F(3,186) = 1.86,

82

CHAPTER 4

NETWORKED HYPERTEXT COMPREHENSION IN STUDENTS WITH HEARING OR LANGUAGE PROBLEMS

p = .14. Parental consent was obtained and the project was approved by the ethical committee
from our research institution and in line with the Code of Ethics for Research in the Social and
Behavioural Sciences involving Human Participants in the Netherlands.
Design
A 4x2x2 mixed design with four groups (DHH, DLD, age comparison, reading level comparison),
two text structures (linear text, networked hypertext) and two types of overview (with, without)
was constructed. To investigate the effect of the cognitive-linguistic skills, interactions of all
three factors with vocabulary, verbal working memory and visuospatial working memory were
investigated as well. The students read all four text designs (linear text with an overview, linear
text without an overview, hypertext with an overview and hypertext without an overview)
once with four different text topics, resulting in four measurements per student. The four texts
contents are from a previous study (Klois, Segers, & Verhoeven, 2013) that has shown that these
four differed in difficulty with regard to comprehension level. Therefore, a randomized block
design was used to assign the reading order and text topic randomly to participants.
Materials
Four texts from Klois et al. (2013) were adapted and changed into a linear digital text as well
as into a networked hypertext, both with and without a graphic overview (see Figure 4.1). The
expository texts were about the flora and fauna and history of Oceania (669 words), Russia
(649 words), South America (681) and Southeast Africa (702 words) and contained ten pages.
Although the exact content remained the same in the four text designs, the features differed.
In the linear text, the student started at the first page and could only click on ‘back’ or ‘further’
to navigate to the previous or next page. The networked hypertext structure was based on the
hierarchical structure of the Blom et al. study (2017, see Chapter 2), in which the hypertext was
built with a main page, three first-level pages and six second-level pages. In the current design,
six nonhierarchical links across the three levels were added in the text, resulting in networked
hypertexts with a total of 15 hyperlinks within the text and 15 links in the sidebar next to the
text; on each page, there was a sidebar next to the text with a link that directed the reader to the
main page and in case of a second-level page also a link to the first-level page above the current
page. The students could navigate through the hypertext by clicking on the blue hyperlinks
on each page or by clicking on the ‘main page’ button. The hyperlinks were words on a text
page that showed some overlapping information with another page and were therefore linked
to that page. For one linear text and one hypertext, a graphic overview was constructed that
visualized the underlying text structure and connections between pages. This overview was
present above each page throughout the text. All four text designs were displayed on a laptop.
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a

b
Figure 4.1. Screenshot of (a) a second-level networked hypertext page with graphic overview
and (b) a linear text page without a graphic overview about nature (“natuur”).

84

CHAPTER 4

NETWORKED HYPERTEXT COMPREHENSION IN STUDENTS WITH HEARING OR LANGUAGE PROBLEMS

Measures
Digital text comprehension. Students’ digital text comprehension was operationalized
into textbased knowledge and deeper structure knowledge.
Five explicit and five implicit four option multiple-choice questions were constructed for
each text, adapted from the questions from Klois et al (2013). Answers on the explicit questions
could be found explicitly in the text content, while the students had to make inferences to
answer the implicit questions. The sum score on the correct answers for both the explicit and
implicit questions determined students’ score on textbased knowledge. Reliability analysis
showed a good reliability (alpha = .87 in present study). Additionally, twelve multiple-choice
questions other than the comprehension questions were constructed to measure the students’
level of prior knowledge of each text content.
Concept maps were used to measure deeper structural knowledge of the text content, as it
represents the students’ situation model and thus the person’s conceptual understanding of the
text (Cañas et al., 2005; Kintsch & Van Dijk, 1978). Students received a paper in which the topic
of the text was already written in the center and they were instructed to complete the concept
map with all the concepts they could remember from the text. To calculate the complexity of
the concept map, the scoring system from Klois et al. (2013, based on Evrekli, Ïnel, & Balim 2010)
was used. They showed a high inter-reliability scores between two raters and no disagreement
on scoring the first (k = .95) and second-level (k = .84) concepts of the concept maps. Complexity
of the concept map was calculated by counting all the first level (directly linked to the central
theme), second level (linked to first level) and third (or above) level (linked to second level)
concepts and giving them respectively 2, 4 and 6 points each. The total sum score indicated the
complexity of the concept map which represented the deeper structural text knowledge.
Cognitive-linguistic measures. Students’ vocabulary level was measured by the Dutch
version of the Peabody Picture Vocabulary Test-III (Dunn, Dunn, & Schlichting, 2005). Students
were presented a booklet with pictures, four on each page. With every page, the researcher
named a word and the students had to point to the corresponding picture. Each set consisted of
12 words and all students started at set 8 and stopped when nine or more words within one set
were incorrect. The number of correct answers was the students’ raw score. Two DHH students
were unable to hear or speech read the words, but it was not possible to adapt the task so that
we could use signs without giving away the meaning of the word. Therefore, no vocabulary
level scores of these students were available.
Students’ verbal working memory capacity was determined by the total score on the digit
span task forward and backward (Kort et al., 2005). In the forward task, the researcher called a
sequence of digits and the students had to repeat the sequence in the same order and in the
backward task it should be repeated in the reversed order. Both tasks started with a block of two
sequences of two digits, which expands with every block. The tasks stopped when the student
recalled both sequences in one block incorrectly. The total score is the number of correct
recalled sequences. An adapted version of the digit span task was used, when the student was
unable to hear the verbal information. In this version, the researcher finger spelled a sequence
of letters instead of calling digits. This adaptation follows from the literature that there is a
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high phonological similarity when manually representing the numbers (Hall & Bavelier, 2010).
Therefore, letters that have no phonological similarity in Dutch were used in this adapted
task (B, F, K, L, M, R, Z, S). Then, the same procedure was followed as the regular forward and
backward digit span task. When the student was able to receive both spoken as well as signed
information, both tasks were performed. This was the case for 16 DHH students. For these
students, score on verbal working memory was based on the mean score of both tasks.
Students’ visuospatial working memory was measured with the Corsi Block task (Kessels,
Van Zandvoort, Postma, Kappelle, & De Haan, 2000), in which a plateau with nine blocks was
presented to the students. The researcher tapped a sequence of blocks, starting with two blocks,
and the students had to repeat it in the same order. Each block consisted of two sequences of
the same length which increased per block. The task stopped when the students recalled both
sequences in one block incorrectly. The total score is the number of correct repeated sequences.
Procedure
Data collection took place in four sessions. To ensure familiarity with drawing concept maps,
all students received a 45-minute lesson in concept mapping. After the lesson, the students
filled in the prior knowledge questionnaire. Then, two reading sessions (approximately 20-30
minutes each) took place in which students read the digital texts from a laptop. When all
students in class participated, the lesson was given as classroom instruction and the reading
sessions took place in groups of four or five students. They first had to read a practice text of
three pages in which the first page contained all practical information with a hyperlink to the
second page, the second page containing a ‘forward’ and ‘backward’ button and an example of a
graphic overview. Before they started to read the first digital text, students were instructed that
they were going to read a text, that they had to answer the questions on paper while reading
and that they would draw a concept map on paper about the text content afterwards. When
they were finished, the students clicked on the ‘finish’ button and drew a concept map without
the text. Then, the same procedure applied for the second text about a different topic, which
design was always the opposite of the first. For example, when a student read a hypertext with
an overview the first time, a linear text without an overview was read the second time. The
second reading session followed the same procedure as the first, but without a practice text.
In a separate individual 15-minute session (session 4), the cognitive-linguistic measures were
administered. All sessions were planned in one week, with one or two days between the first
and second reading session.
Analyses
To verify that the reading level comparison group had a comparable basic reading level as the
DHH students and students with DLD, the comprehension scores on the linear digital text were
compared between the three groups using a One-way Anova on the scores on the questions
and the concept map complexity. To explore the exact group differences, post hoc analyses
were conducted using Tukey SD when equal variances were assumed and Games-Howell when
equal variances were not assumed.
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To answer the research questions, linear mixed effects modeling was conducted, using
the lmer() function of the lm4 package (Bates, Mächler, Bolker, & Walker, 2015) in R (Version
3.4.1, R Core Team, 2018). Prior to the analyses, all continuous predictors were centered across
participants and sum-to-zero contrasts applied to all categorical predictors. The variable
Concept map complexity was log-transformed before further analyses. To account for random
differences between participants, the random intercept of subject was included in all models.
As there was only one observation per text design, no random slopes could be added to the
models. Furthermore, Texttopic was included as a fixed effect in each model, to control for
the fact that the four text topics differed in level of difficulty, as was shown in previous studies
(Blom et al., 2017; 2018, see Chapter 2 & 3; Klois et al., 2013). The afex() function (Singmann,
2013) was used to obtain the p-values of the fixed effects with the Kenward-Roger adjustment,
as it yields less biased estimates for small groups (McNeish & Stapleton, 2016). Unstandardized
regression coefficients and confidence intervals are reported, as these give an indication of the
precision and magnitude of the effect size estimation (Pek & Flora, 2018). Significant effects
were further explored with either post hoc tests using the emmeans() package (Lenth, 2018)
with Tukey adjustments for unequal sample sizes by default or with follow-up models per
group or texttype. Since this was not the focus of this study, significant differences between the
two comparison groups (i.e., hearing students without DLD) were not reported.
To answer the first research question, two separate models were built with Questions
(textbased knowledge) and Concept map complexity (deeper structural knowledge) as
outcome variables. Both models started with a maximal omnibus model including all predictor
variables (i.e., Group, Texttype, and Overview) and their interactions as fixed effects in the
model. To answer the second research question, the same models as above were used, but the
interactions with the cognitive-linguistic skills were added (i.e., Vocabulary, Verbal working
memory and Visuospatial working memory) as fixed effects in the omnibus model. The model
formula used in R were respectively:
1. Questions ~ (Group*Texttype*Overview) + Texttopic + (1 | id)
2. Log(ComplexityCM) ~ (Group*Texttype*Overview) + Texttopic + (1 | id)
3.	Questions ~ (Group*Texttype*Overview)*Voc + (Group*Texttype*Overview)* VeWM +
(Group*Texttype*Overview)*ViWM + Texttopic + (1 | id)
4.	Log(ComplexityCM) ~ (Group*Texttype*Overview)*Voc + (Group*Texttype*Overview)*VeWM + (Group*Texttype*Overview)*ViWM + Texttopic + (1 | id)

Results
Descriptive statistics
Prior to the analyses, it was checked whether the aimed reading level comparison group had
the same basic reading level by comparing the reading comprehension scores on the linear
digital text. Indeed, the groups had similar linear digital text comprehension as measured
with the questions, F(2, 118) = 1.23, p = .30, ŋ2 = 0.02. Regarding the complexity score of the
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Table 4.1
Descriptive statistics for the raw score on the questions and concept map complexity for each text design
Comparable reading level
(n = 60)

Comparable age
(n = 77)

M

SD

Range

M

SD

Range

Linear text without overview

6.13

2.22

1-10

7.82

1.78

3-10

Linear text with overview

5.70

2.30

1-10

7.53

1.92

1-10

Hypertext without overview

5.40

2.50

1-10

7.83

1.87

1-10

Hypertext with overview

5.60

2.11

1-9

7.66

1.70

3-10

Linear text without overview

27.56

24.20

0-102

50.57

29.43

4-158

Linear text with overview

29.50

28.45

4-132

50.55

33.41

10-190

Hypertext without overview

23.00

25.19

0-146

45.79

22.15

10-120

Hypertext with overview

25.36

19.94

0-86

49.66

30.37

4-164

Questions

Concept map complexity

concept map, there was a main effect of Group, F(2, 117) = 4.43, p = .01, ŋ2 = 0.07, but post hoc
showed that the DHH students and students with DLD did not differ from the students with
a comparable reading level in reading comprehension scores (all p’s > .23). Thus, the reading
level comparison students had a comparable basic reading level as the DHH students and
students with DLD. Table 4.1 shows the mean raw scores and standard deviations on the
comprehension measures per group and text design. The variance of these scores per group
and text designs are illustrated in the density plots included in Appendix A and B.
To explore the variance in vocabulary level, verbal and visuospatial working memory
between the four groups of students, density plots (see Figure 4.2) were drawn. The plots show
that there is large variation between the four groups regarding their individual skills. Moreover,
it is shown that in the group of DHH students and students with DLD, there are also students
who performed comparable to the average students within the hearing age comparison group.
In addition, correlations between the cognitive-linguistic skills for each group separately show
that the relations between these skills differ for each group (see Table 4.2).
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DHH
(n = 28)

DLD
(n = 33)

M

SD

Range

M

SD

Range

6.63

1.69

3-10

5.81

1.80

2-9

6.39

1.93

3-10

5.97

2.17

2-10

6.39

1.81

3-10

5.09

1.96

1-8

6.19

1.75

2-10

5.19

1.91

2-9

36.89

25.55

6-100

19.25

16.32

0-68

36.00

20.56

2-72

19.76

18.19

0-72

43.07

29,68

4-118

18.24

12.70

0-48

38,59

23.79

0-92

18.00

19.03

0-86

Table 4.2
Correlations between cognitive-linguistic skills for reading level comparison students, age comparison
students, DHH students and students with DLD
Voc*VeWM

Voc*ViWM

VeWM*ViWM

Comparable reading level

.22

-.02

-.09

Comparable age

.20

-.05

.08

DHH

.48*

-.10

.37

DLD

.12

.02

.37*

Note. * p < .05. Voc = Vocabulary, VeWM = Verbal working memory, ViWM = Visuospatial
working memory.
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Figure 4.2. Density plots showing the variance in the cognitive-linguistic skills (a) vocabulary, (b)
verbal working memory, and (c) visuospatial working memory in the reading level comparison
students, age comparison students, DHH students and students with DLD.
Comprehension of networked hypertexts versus linear texts
Questions. The results of the linear mixed effects analysis showed that there was a main
effect of Texttype, F(1, 575.05) = 9.66, p = .002, 95% CI [0.06, 0.27], a main effect of Group, F(3,
194.42) = 24.91, p < .0001, 95% CI [1.04, 1.72], and an interaction effect of Texttype and Group,
F(3, 575.05) = 3.01, p = .03, 95% CI [-0.35, -0.5]. Follow up models and post hoc tests revealed
that for both the linear text and the networked hypertext, the age comparison students score
higher than the DHH students (b = 1.16 (0.39), p = .01 and b = 1.48 (0.37), p = .0005) and the
students with DLD (b = 1.82 (0.36), p < .0001 and b = 2.59 (0.35), p > .0001). The interaction
can thus be ascribed to the fact that there are larger differences between the groups in the
networked hypertexts than the linear texts (as can be seen in Table 4.1). There was no difference
in linear text comprehension and networked hypertext comprehension of the DHH students
and students with DLD compared to the reading level comparison students (all p values > .18).
There was no significant main effect of Overview, nor were the other interactions significant.
Concept map complexity. There was only a main effect of Group, F(3, 194.26) = 27.63,
p <.0001, 95% CI [0.18, 0.31]. Post hoc test showed that only students with DLD had lower
concept map complexity scores compared to hearing age comparison students (b = 0.49
(0.06), p < .0001), while DHH students scored comparable to the hearing same-aged peers
(b = 0.14 (0.07), p = .12). DHH students scored higher on text comprehension compared to
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the reading level comparison students (b = -0.21 (0.07), p = .01), while the students with DLD
had comparable comprehension scores (b = 0.14 (0.06), p = .14). There was no main effect of
Texttype and Overview, nor were any of the interactions significant.
Effect of cognitive-linguistic factors on networked hypertext comprehension
Questions. There was a main effect of Texttype, F(1, 533.14) = 4.87, p = .03, 95% CI [0.03,
0.35], Vocabulary, F(1, 182.68) = 76.87, p < .001, 95% CI [0.06, 0.09], and Verbal working memory,
F(1, 182.77) = 9.58, p = .002, 95% CI [0.05, 0.21]. Overall, students with higher levels of vocabulary,
b = 0.08 (0.01), and verbal working memory, b = 0.13 (0.04), scored higher on the questions.
Furthermore, a significant three-way interaction existed between Texttype, Overview and
Vocabulary, F(1, 543.41) = 5.69, p = .02, 95% CI [0.003, 0.022]. This interaction is visualized in
Figures 4.3a and 4.3b. These suggest that in the texts without a graphic overview, students with
lower vocabulary levels have relatively more problems with hypertexts, while this is not the
case in texts with an overview. Indeed, in follow up models per text design students with low
vocabulary levels, when reading a text without an overview, tended to perform lower on the
questions after reading a hypertext than after reading a linear text (p < .004), while students
with high vocabulary levels did not show a difference in performance between the two text
types (p =.14). For texts with an overview, this interaction was not significant (p = .11).
The above mentioned three-way interaction seemed to be qualified by a four-way
interaction between Group, Texttype, Overview and Vocabulary, F(3, 539.96) = 2.94, p = .03, 95%
CI [-0.030, -0.003]. However, after analyzing all four-way interactions one by one (to decrease
the chance of a Type I error), the four-way interaction between Group, Texttype, Overview
and Vocabulary was only marginally significant (p = .05) and hence we interpreted only the
three-way interaction. No other main or interaction effects were significant.
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Figure 4.3. Interaction of Vocabulary and Texttype for (a) a text with an overview and, (b) a text
without an overview.
Concept map complexity. There was a main effect of Vocabulary, F(1, 181.45) = 16.50, p <
.001, 95% CI [0.00, 0.01], and Verbal working memory, F(1, 181.53) = 6.55, p = .01, 95% CI [0.01,
0.05]. Furthermore, a two-way interaction of Group with Verbal working memory, F(3, 180.94)
= 2.93, p = .04, 95% CI [-0.078, -0.002] was significant. Students with higher working memory
capacity drew more complex concept maps than students with lower working memory
capacity (b = 0.08). Follow-up models per group and a visualization of the interaction revealed
that there was only a significant positive effect of verbal working memory on concept map
complexity score in the reading level comparison students (b = 0.03, p = .02) and the students
with DLD (b = 0.07, p = .02), but not in the age comparison students and the DHH students (p’s
> .17). No other main effects or interactions were significant.
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Discussion
This study was the first to study the networked hypertext comprehension of DHH students
and students with DLD and to examine the effects of the readers’ cognitive-linguistic skills and
whether the availability of a graphic overview plays a compensatory role.
The first research question focused on the comprehension differences (i.e., textbased
comprehension and deeper structural knowledge) between networked hypertexts, with
and without a graphic overview, and linear digital texts in students with hearing problems
and students with language problems compared to hearing students without DLD with
a comparable reading level and hearing students without DLD with a comparable age. The
results confirmed our expectations that, compared to hearing age comparison students, DHH
students and students with DLD were disadvantaged on both textbased comprehension and
deeper structural knowledge of both the linear texts and the networked hypertexts. When
looking at the textbased comprehension, the gap seems to be even larger after reading the
networked hypertext than the linear digital text. This result confirmed partly our expectation
that, as with general text comprehension (Bishop & Snowling, 2004; Wauters, Van Bon, &
Tellings, 2006), these two groups of students indeed lag behind the students of the same age
without hearing or language problems on digital text comprehension and show additional
difficulties regarding the textbased comprehension of networked hypertexts.
Furthermore, results showed that textbased comprehension of networked hypertexts
of DHH students and students with DLD was comparable to that of the hearing students
with a comparable reading level. Looking at the deeper structural knowledge, the students
with DLD also performed comparable to the hearing students with a comparable reading
level. This is partly in line with the results of the Blom et al. (2017, see Chapter 2) study with
hearing students that did not show group differences in textbased comprehension and
deeper structural knowledge of linear texts and hierarchically structured hypertexts either.
Surprisingly, DHH students had less problems with gaining deeper structural knowledge of
digital texts than expected. They scored higher than the reading level comparison students.
A possible explanation can be found in the suggestion that DHH students appear to have
another way of processing information than hearing peers. Marschark, DeBeni, Polazzo, and
Cornoldi (1993) found in their study that after reading a passage, DHH students recalled less
words than their hearing age comparison peers, but more than their younger reading level
comparison peers. Whereas both groups of hearing students were able to recall more relations
than words, the DHH students showed the reversed pattern. Marschark and Wauters (2011)
suggest that DHH students are less likely to effectively use the relational information for
memory tasks. In the current study, the DHH students might have been able to recall as many
words related to the texts read, but were not able to draw the relations between them, resulting
in less complex concept maps compared to their hearing age comparison peers, but still more
complex than the hearing reading level comparison students. In contrast to what was expected,
the availability of an overview did not have an effect on the comprehension of the networked
hypertexts. This is in line with the study of Brinkerhoff et al. (2001), but the results regarding the
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second research question seem to suggest that the effect of an overview is depending on the
readers’ cognitive-linguistic skills.
The main finding regarding the second research question is that there was an interaction
effect of the graphic overview with vocabulary level, but not with verbal or visuospatial
working memory capacity on networked hypertext comprehension. When a student with
low vocabulary level reads a text without a graphic overview, the textbased comprehension
of a networked hypertext is lower than of a linear digital text. This effect was not visible in
students with higher vocabulary level, nor was it present in texts with a graphic overview. This
is a replication of a study of Blom et al. (2018, see Chapter 3) in hearing students only, that
also found lower comprehension scores of networked hypertexts only in students with lower
vocabulary levels and shows that text structure is of influence on digital text comprehension
also in DHH students and students with DLD. The fact that we did not find comprehension
differences between the linear digital text and networked hypertext with an overview, seems
to suggest that students with lower vocabulary knowledge do need the overview as a guide to
better comprehend networked hypertexts while reading the text. The overview can help them
to connect the pages with each other and to build a logical and comprehensible representation
of the text structure and content, thereby facilitating hypertext comprehension. This is in
accordance with studies that show an additional value of organizational tools in readers with
little knowledge about the text content and structure (Amadieu & Salmerón, 2014; Blom et al.,
2018). Interestingly, there was only an effect of a graphic overview on the score on the questions
that were answered during reading, but not on the score on the concept map complexity which
was drawn after reading.
With further regard to the cognitive-linguistic skills, the group differences were ameliorated
after vocabulary and verbal working memory were taken into account. These findings suggest
that DHH students and students with DLD do not necessarily perform lower than their hearing
peers without language problems, but that variation in vocabulary size mainly determine the
extent to which DHH students and students with DLD comprehend networked hypertexts.
Although the developmental process of these individual skills is associated with the hearing or
language problems, the great variety in skills that was shown in the density plots revealed that
even in DHH students and students with DLD there are students who perform relatively well
and score comparable to hearing students without language problems.
Furthermore, there was a positive relation between vocabulary level and digital text
comprehension in general, indicating higher comprehension in students with higher
vocabulary. This relation is also reported in studies on general text comprehension (Perfetti &
Stafura, 2014) as well as digital text comprehension (Blom et al., 2018, see Chapter 3; Fesel et
al., 2018) and points towards the important role of vocabulary also in the digital era. Contrary to
our expectations, no effect of visuospatial working memory in digital text comprehension was
found. Pazzaglia et al. (2008) mentioned that during reading digital texts, the verbal memory
is involved in retrieving meaning from the text content, whereas the visuospatial aspect is more
related to following a coherent reading path and to recognize the underlying structure. As the
text comprehension measures used in the present study have focused on meaning retrieval
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and did not capture comprehension of text structure, this might have affected the effect of
visuospatial working memory in this study. Furthermore, a positive relation was found between
verbal working memory capacity and deeper structural knowledge of digital texts, but only in
reading level comparison students and students with DLD. It is difficult to explain this finding,
but visualization of the interaction between group and verbal working memory capacity shows
that the positive relation is seen in all four groups and seems to suggest that the small sample
size might have accounted for the nonsignificance in the other two groups.
Some limitations should be mentioned. It is important to realize that the groups in this
study differed in sample size and even though Tukey and Kenward-Roger adjustments are
used, the data should be interpreted with some caution. Further studies should further explore
the larger gap in linear versus networked hypertext comprehension between the students with
hearing or language problems and age comparison students. To prevent floor-effects in the
students with hearing and language problems, we have measured textbased knowledge by
letting the students answer the questions while reading the text, whereas deeper structural
knowledge was administered with the concept map that they drew after reading the text. For
a more complete picture of the effect of an overview on both textbased and deeper structural
comprehension of networked hypertexts, future study designs should incorporate textbased
questions answered after text reading. Furthermore, the majority of the students with hearing
or language problems in this study were from special education. Therefore, the groups are too
small to draw conclusions about the effects of education settings. Further research should
incorporate larger samples of mainstream students. Finally, the designed hypertext contained
a high number of hyperlinks. As Destefano and Lefevre (2007) stated that reducing the
number of hyperlinks would lead to better comprehension outcomes, it would be informative
to investigate the maximum number of hyperlinks a student can cope with during reading a
networked hypertext in future studies. Furthermore, as the present study is one of the first to
examine the use of a graphic overview in school-aged students, future studies could take a
developmental perspective and focus on the exact age from which students are able to make
effective use of the graphic overview.
The results of the current study have theoretical and practical implications. The findings
suggest that the performance gap in offline reading is even larger in networked hypertext
comprehension. Furthermore, the finding that both text structure and verbal working
memory are of influence in digital text comprehension is in line with the cognitive load theory
that complex text structures puts a higher demand on the readers’ cognitive load, thereby
decreasing text comprehension (Niederhauser, Reynolds, Salmen, & Skolmoski, 2000). In that
respect, our study contributes to the cognitive load theory by showing that this theory also
applies to students with hearing or language problems. A practical implication of this study
is that practitioners in educational settings should keep in mind that students with hearing
or language problems will not necessarily have problems with comprehending digital texts.
When they do face problems, facilitation during reading these texts by providing a logical
structure in the text or making use of an organizational tool, such as a graphic overview,
could lead to a better understanding of the text and more insight into the underlying overlap
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between pages. Additionally, monitoring of the vocabulary development for DHH students
and students with DLD is advised in order to identify potential poor readers on time. When
vocabulary development is falling behind, practitioners should invest time in instructional
activities that stimulate their vocabulary and reading development.
To conclude, other empirical studies have revealed DHH students and students with DLD
to perform below hearing peers on tasks involving vocabulary and working memory capacity.
This study is the first, however, to demonstrate the importance of those abilities to digital
reading comprehension.
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Abstract
Previous studies have shown that students with lower vocabulary levels can benefit from
the availability of a graphic overview on hypertext comprehension. Therefore, we examined
the effect of explicitly instructing graphic overview use during networked hypertext reading
on students’ reading processes and comprehension outcomes in students with varying
vocabulary levels. In two separate studies, 79 secondary school students without language
or hearing problems (Study 1) and 14 students with hearing or language problems (Study 2)
participated in three hypertext reading sessions after which comprehension of each hypertext
was measured. Eye movements during reading were recorded to report reading processes.
The results suggested that the intervention lesson was effective in changing the reading
processes; in both studies, students made more use of the overview after the intervention, as
evidenced by a higher frequency and duration of fixations on the graphic overview. Exploratory
analyses seem to suggest that the intervention effect was largest in students with language
and hearing problems. However, there was no transfer to comprehension outcomes and
students’ vocabulary level and verbal working memory capacity did not influence the results.
Two explanations related to intervention duration and graphic overview features were offered.

Chapter based on:
Blom, H., Segers, E., Salmerón, L., Knoors, H., Hermans, D., & Verhoeven, L. (Submitted). Benefits
of graphic overviews in networked hypertext comprehension: An intervention perspective for
mainstream students and students at risk.
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The increase of information sources on the Internet ensures that nowadays information is easily
accessible. Much of this information is presented in hypertexts (i.e., a digital text containing
hyperlinks). When reading a hypertext that has no clear structure, the comprehension of such
a so-called networked hypertext can be difficult (Destefano & Lefevre, 2007), especially when
the reader has lower levels of vocabulary or lower verbal working memory capacity (Blom,
Segers, Knoors, Hermans, & Verhoeven, 2018, see Chapter 3; Lee & Tedder, 2003). In specific
populations, this is particularly the case in students at risk for comprehension problems, e.g.,
when students are deaf or hard-of-hearing (DHH) or have a Developmental Language Disorder
(DLD) (Alloway, Rajendran, & Gathercole, 2009; Harris et al., 2013; Kyle & Cain, 2015; Rice &
Hoffman, 2015). To enhance reading performance of hypertexts, several researchers proposed
that using a graphic overview, which visualizes the underlying structure of the hypertext,
is helpful (Brinkerhoff, Klein, & Koroghlanian, 2001; Vörös, Rouet, & Pléh, 2011), although
the actual use of the overview has not been related to this effect yet. Furthermore, this effect
may be moderated by individual variation in vocabulary or verbal working memory. If using
an overview benefits comprehension, then teaching students the strategy to do so, may have
a positive effect on comprehension. We examined in hearing secondary mainstream school
students the benefits of graphic overview use on hypertext comprehension by taking an
intervention perspective. In addition, as previous studies have shown that a graphic overview is
beneficial for networked hypertext comprehension when student’s vocabulary level is low, we
investigated in a follow-up study whether the intervention effect would also apply in students
at risk for comprehension problems in special education.

Networked hypertext comprehension			
Abundant information can be extracted from webpages, for example by reading hypertexts.
These hypertexts are texts that contain hyperlinks which connect the subpages of the text with
each other. When connections within a hypertext are based on semantic or content-related
overlap, one speaks of a networked hypertext. The underlying structure of a networked
hypertext is thus not so straightforward and clear to the reader, which can be either beneficial
or pose a challenge to comprehend this type of text. Shapiro and Niederhauser (2004) have
placed the theory behind the Construction-Integration (C-I) model of Kintsch (1988) in light
of reading and comprehending hypertexts. The main idea of Kintsch’ C-I model is that readers
construct a mental model of the text content by inferring the information from the text and
integrating it with existing knowledge that is already in the brain, to create a coherent model
of the text content and foster comprehension of new information. Hereby, vocabulary level and
working memory capacity play an important role, because the reader has to have knowledge
about semantic relations between concepts and the ability to process and integrate the
information while keeping the concepts active in mind (Currie & Cain, 2015). In light of the
C-I model, Shapiro and Niederhauser hypothesized that because hypertexts do not have a
clear structure, readers need to explore in their own way what the relations between various
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aspects in the text content are in perspective of hypertext comprehension. However, studies
thus far have not shown a positive effect of the networked hypertext structure on reading
comprehension. Destefano and Lefevre (2007) concluded in their review that when a text has
no clear structure and when text parts with related information are not closely connected, the
integration becomes more complex, predominantly for poor readers.
A study in university students (Son, Park, & Kim, 2011) showed lower declarative
knowledge regarding the text content after reading networked hypertexts than after reading
linear texts (without hyperlinks). This effect has been further disentangled via studies that
investigated individual variation in the comprehension of networked hypertexts As a case in
point, Lee and Tedder (2003) found a disadvantage of networked hypertext comprehension
as opposed to linear text comprehension, but only in students with lower verbal working
memory capacity. In addition, Blom et al. (2018, see Chapter 3) compared secondary school
students’ reading comprehension of linear texts and networked hypertexts. Only students
with lower levels of vocabulary had lower textbased and structural knowledge after reading a
networked hypertext. Students with higher levels of vocabulary level did not show differences
in comprehension between the two text types.
Thus, it can be suggested that networked hypertexts may cause disorientation in the
reader and that especially comprehension of readers with low vocabulary level or verbal
working memory capacity is negatively affected, as they are less able to use their cognitive
resources to form strong semantic and logical connections between the text pages.

Networked hypertext reading processes
Most research on hypertext reading thus far has focused on the comprehension of these texts,
but the hypertext reading processes have hardly been studied. Tracking of eye movements can
give insight in the reading processes, as it can be seen which information parts are actually
used and whether specific view patterns can be identified. We found two studies that used eye
tracking to investigate the online reading process of networked hypertexts. Naumann, Waniek,
and Krems (2001) compared eye movements of linear text reading and hypertext reading in
university students. They did not find a difference in total number of fixations and total fixation
time between both conditions. However, when focusing on only the actual text field, the authors
did find longer fixation times on the text in the linear text condition than in the hypertext
condition. The students also fixated more often on the index page of the linear text than the
hypertext, as the hypertext included a graphic overview that could be used as navigation bar.
As the students had better comprehension outcomes in the linear text condition, the authors
related this finding to the differences found in navigation processes.
Salmerón and colleagues (2017) used an eye tracker to measure the reading behaviour
of high school students while reading a hypertext on Wikipedia. One of their hypotheses was
that scanning and processing behaviour of the students would affect hypertext comprehension
outcome. The results showed that if students visited a relevant paragraph for the first time,
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the fixation time on that paragraph did not affect hypertext comprehension. However, when
revisiting the relevant paragraph, the total fixation time was positively related to hypertext
comprehension. On the contrary, total fixation time while revisiting an irrelevant paragraph
was negatively related to hypertext comprehension. Interestingly, this latter result was
influenced by the readers’ individual skills; only good comprehenders were negatively affected
by longer reading times on irrelevant paragraphs during revisiting that paragraph, while poor
comprehenders were not affected. As these eye tracking data shows, hypertexts pose additional
processing challenges, even for good comprehenders.
Thus, these studies show that looking at the processing and scanning behaviour
during online reading provides information on how these reading patterns add to hypertext
comprehension. Tracking eye movements during online reading can thus be highly valuable in
hypertext reading research.

Role of graphic overviews in networked hypertext reading
To facilitate reading performance, some researchers have proposed the use of organizers, such
as graphic overviews or headings in hypertexts (Brinkerhoff et al., 2001; Vörös et al., 2011). A
graphic overview visually represents the underlying structure of the hypertext, so that the
reader is able to see how the hypertext pages are connected to each other. Indeed, Klois, Segers,
and Verhoeven (2013) concluded that the availability of a graphic overview is useful for the
construction and integration of the text content.
However, research on the effects of a graphic overview on hypertext comprehension is
not fully supportive (see for a review: Salmerón et al., 2005). For example, Brinkerhoff et al.
(2001) did not find an effect of the availability of an overview on text comprehension at all,
while Salmerón and colleagues (2009) found that the availability of a graphic overview is
only beneficial when it is inspected before reading the text and when the hypertext content is
difficult (see also Salmerón & García, 2011). Even when the reader’s individual skills, such as prior
knowledge, reading skills or spatial skills are accounted for, the results remain inconclusive (see
for overview: Amadieu & Salmerón, 2014). For example, Hofman and Van Oostendorp (1999)
compared text comprehension of high and low prior knowledge readers between hypertexts
with a graphic overview and hypertexts that have a topic list of the text content. They found
that neither group of readers showed a difference in textbased comprehension of hypertexts.
However, students with low prior knowledge obtained less deep structural knowledge after
reading a hypertext with a graphic overview than after reading a hypertext with a topic list.
The authors discussed the results in light of the C-I model; the low prior knowledge students
were more focused on identifying the semantic relations between larger text parts, so that
less cognitive resources were left for drawing inferences between semantic propositions at the
surface level of the text which these students actually needed to construct and integrate the text
content into a meaningful whole. On the contrary, Naumann, Richter, Flender, Christmann, and
Groeben (2007) found no moderation effect of level of prior knowledge. Instead, they showed
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graphic overviews to be supportive for text comprehension in students with lower reading
skills. They concluded that graphic overviews can be a helpful tool in enhancing hypertext
comprehension when students have problems with establishing the macrostructure of the text
which is necessary to meaningfully construct and integrate the text content.
Taken together, research is inconclusive about whether the availability of a graphic
overview supports hypertext comprehension. It is important to realize that in most of these
studies it is uncertain whether the readers have actually looked at the overview during hypertext
reading, as no information about participants’ online processing was obtained. Only in the
above described study of Salmerón and colleagues (2009), an eye tracker was used to measure
fixation times at the overview and an effect of an overview on hypertext comprehension was
shown to be dependent on when the overview was consulted. To our knowledge, no other
studies that investigated the effectiveness of a graphic overview on networked hypertext
comprehension have tracked the eye movements during reading.

Interventions on hypertext comprehension
The information above is inconclusive about the facilitative effect of the availability of a graphic
overview for hypertext comprehension. On the one hand, this lack of consensus can follow
from the mediating role of the students’ cognitive-linguistic skills. A graphic overview can
be facilitative for a student with low vocabulary level and verbal working memory capacity,
as it gives them a basic framework from where they can build their conceptual models. For
a student with high vocabulary level and verbal working memory capacity, who is already
skilled in building these conceptual models, the graphic overview might have no additional
value for hypertext comprehension. On the other hand, the presence of a graphic overview
does not automatically imply that students actually look at (and therefore possibly use) it
during reading a hypertext. The lack of consensus can thus have followed from whether or
not students were explicitly instructed to use the graphic overview during hypertext reading.
Therefore, the question is whether students can explicitly be taught how to use the overview in
order to change the processing of the text content in perspective of hypertext comprehension.
There are a few studies that have focused on teaching cognitive or metacognitive learning
strategies to enhance hypertext comprehension (Fesel, Segers, De Leeuw, & Verhoeven, 2016;
Naumann, Richter, Christmann, & Groeben, 2008; Salmerón & Llorens, 2019; Zumbach &
Reimann, 2002). Whereas Fesel, et al. (2016) found a positive effect of teaching specific reading
strategies via mind mapping on hypertext comprehension, Zumbach and Reimann (2002)
showed that strategy learning can be effective for hypertext comprehension in students,
but only if they are encouraged to make their own hypotheses and subgoals about the text.
Salmerón and Llorens (2019) used video modelling to instruct self-regulation strategies, in the
context of a question-answering task. One of these strategies was to check the list of contents of
Wikipedia to plan hypertext reading. The results revealed that students who received the video
modelling instruction outperformed the students who only received written case examples of
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possible reading strategies on the comprehension score. In their study on the effect of strategy
training, Naumann and colleagues (2008) point to the importance of the readers’ individual
skills; only students with high working memory capacity and good reading skills did benefit
from a (meta)cognitive strategy training by showing higher learning outcomes.
Previous studies have shown that variation in cognitive-linguistic skills can influence the
efficacy of interventions on hypertext comprehension. However, no intervention has focused
on the use of a graphic overview during hypertext reading, and the influence of both vocabulary
level and working memory capacity on such an intervention.

Hypertext reading in students at risk for comprehension problems
Students who are at risk for comprehension problems are students who show problems
regarding the offline reading-related skills, such as vocabulary and verbal working memory.
Two groups of students who can be considered at risk are DHH students and students with
DLD. On average, DHH students and students with DLD are delayed in their offline reading
development and have a lower vocabulary level compared to hearing peers without language
problems (Bishop & Snowling, 2004; Coppens, Tellings, Verhoeven, & Scheuder, 2011; Kyle &
Cain, 2015; Rice & Hoffman, 2015; Wauters, Van Bon, & Tellings, 2006). Regarding the verbal
working memory capacity, studies also point towards a lower performance in both groups on
digit span tasks compared to the normative mean (Harris et al., 2013; Alloway et al., 2009).
When online, it has been shown that both groups at risk also do show problems with the
comprehension of a hypertext when it is networked structured and no graphic overview is
present and that the use of a graphic overview can be beneficial for them (Blom, Segers, Knoors,
Hermans, & Verhoeven, 2019, see Chapter 4).
Thus far, little is known regarding the reading behaviour of students at risk during reading
hypertexts. Although an eye tracking study on linear digital texts was done in DHH students
(see Tomasuolo, Roccaforta, & Di Fabio, 2018), no reading-related eye movements studies are
conducted in students with DLD.

The present study
In the present study the effects of a graphic overview intervention on networked hypertext
reading comprehension outcomes will be examined in two separate studies. Study 1 involved
80 first grade pre-university secondary mainstream school students in the Netherlands. Given
the necessity to also study the online reading process and to confirm whether graphic overviews
are actually looked upon, eye movements during hypertext reading were also registered in half
of the students. By looking at the fixation times on the overview, the number of fixations on
the overview and the number of transitions between overview and text, we are able to gather
information about the reading processes during reading a networked hypertext and whether
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an intervention focusing on graphic overview use influences the way in which the students use
the graphic overview and read and comprehend the hypertext.
Therefore, the first research question was: In what way does an intervention in typically
developing students focusing on the use of a graphic overview change hypertext reading
processes and how does this influence hypertext comprehension? We hypothesized that
the intervention would lead to higher fixation times and a higher number of fixations on
the overview and that there would be more transitions between the overview and the text.
Furthermore, we hypothesized that the intervention would lead to higher networked hypertext
comprehension, as a result of the change in reading processes. The second research question
was: Is the effect of the intervention on hypertext reading processes and comprehension
influenced by the students’ cognitive-linguistic skills (vocabulary level and verbal working
memory capacity)? On the one hand, it can be expected that students with lower levels of
vocabulary and verbal working memory capacity can benefit from a specific intervention
focusing on the use of a graphic overview during reading, as they can use it as a basic framework
to construct and integrate the contextual information into a meaningful whole. On the other
hand, it is possible that students with higher levels of vocabulary and working memory are
more able to effectively use the graphic overview when reading the hypertexts independently.
In a follow-up study (Study 2), we explored whether the expected intervention effect
would also be observed in students in special education who are at risk for comprehension
problems. As a previous study (Blom et al., 2019, see Chapter 4) has shown that students with
lower vocabulary levels benefit from the availability of a graphic overview during networked
hypertext reading, we expected even a larger intervention effect in students at risk.

Study 1
Method
Participants
Eighty students from first grade of four pre-university secondary schools in the Netherlands
participated in this study. One student who did not complete the comprehension questionnaire
was excluded from the dataset. The final dataset consisted of 79 students (Mean age = 12.75
years) including 41 girls and 38 boys. The average nonverbal reasoning skills of the students was
above average (Raven Matrices; Mean percentile score: 67.47, SD = 25.52). All parents and schools
gave active consent and this study was approved by the ethical committee of our research
institute.
Design and specific hypotheses
A 2X3 mixed design was constructed with two groups (First Intervention Group and Second
Intervention Group) and three time points (Time 1, Time 2, Time 3) on which the students had
a reading session. The First Intervention Group received an intervention lesson between Time
1 and Time 2 and the Second Intervention Group between Time 2 and Time 3. See Figure 5.1
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for a visualization of the design. By giving the intervention lesson to both groups on different
time points, we will be able to draw conclusions about the effectiveness of the intervention,
regardless of learning effects over time. Within each group, half of the students read the texts
while their eye movements were recorded with an eye tracker and the other half read the texts
on a laptop without an eye tracker. Fixation time on overview, Number of fixations on overview,
Number of transitions between overview and text and Reading comprehension were the
outcome variables. Furthermore, vocabulary level and verbal working memory capacity were
measured.
Regarding the effect of the intervention in this design, it was specifically expected that the
students in the First Intervention Group would show more comprehension, a longer duration
and a higher frequency of fixations on the overview, and more transitions between overview
and text on Time 2 than on Time 1, while there would be no or a small difference between these
timepoints for the students in the Second Intervention Group. We expected that the students
in the Second Intervention Group would show the above described difference between Time 3
and Time 2, while the First Intervention Group would not show this difference between these
timepoints.
First Intervention
Group

Reading session

Reading session

Reading session

Second Intervention
Group

Reading session

Reading session

Reading session

Time 1

Time 2

Time 3

Figure 5.1. Visualization of the design. The star marks the period in which the students received
the intervention lesson.
Materials
Texts. Three networked hypertexts about Oceania (669 words), Russia (649 words) and
South-east Africa (702 words) from our former study (Blom et al., 2018, see Chapter 3) were
used. Each hypertext had one first-level, three second-level and six third-level pages with 15
hyperlinks within the text. On each second-level and third-level page, there was also a hyperlink
on the sidebar that students could click on to go to the homepage and on the third-level page
also a hyperlink that brought them to the page above their current page, resulting in 15 more
hyperlinks. For each hypertext, a graphic overview was added that visualized the connections
between the pages, so that the student was able to frame the underlying structure of the
hypertext. See Figure 5.2 for a representation of a hypertext page.
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Figure 5.2. Display of a second-level hypertext page about bats (“vleermuizen”).
Apparatus. Half of the students (n = 39; 21 in First Intervention Group and 18 in Second
Intervention Group), were randomly assigned to read with an eye tracker, so that eye
movements were tracked with the Tobii Pro TX300. The monitor was a 23’’ TFT monitor with
a 1920x1080 screen resolution and the hypertexts were presented through Tobii Studio. The
students sat approximately 65 cm from the monitor and each reading session started with a
9-point calibration of the eyes. The Tobii Studio software (Version 3.04.30) recorded the eye
tracking data. Students who did not read with an eye tracker (n = 40) read the hypertexts from
a 15,6’’ laptop with a 1366x768 screen resolution.
Intervention
A 40-minute intervention lesson has been designed to teach the students what an overview
is and how they can use this overview during reading. There was no explicit instruction on the
navigation path that the students should follow. Instead, we taught them that the overview
could help identify supraordinate and subordinate information. As each student has his or
her own mental model of the text content, this navigation path can thus be different for each
student. The lesson was thus aimed at applying comprehension-enhancing activities and
consisted of three different parts that were partially based on the Reciprocal Teaching principle
(Palinscar & Brown, 1984).
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The goal of the first part was to activate the students’ knowledge by asking them how
they had read the hypertext during the first reading session and if and how they had used
the overview during reading. A networked hypertext about South America was used as an
example. When students explained how they had read the hypertext and when and how they
had looked at the overview, the experimenter followed the instruction by navigating through
this example text, so that other students could explicitly see the rationale behind the decisions.
During the second part, the experimenter explained the students what an overview is and
how it is built. In their meta-analysis, Okkinga et al. (2018) identified the principles of Reciprocal
Teaching among which are: (1) to teach comprehension-fostering reading strategies and (2)
to include expert modeling and scaffolding. Following these principles, the experimenter
showed how the overview could be used during reading by using the thinking-aloud strategy
and modelling hypertext reading. When the experimenter started on the homepage, the text
content was explicitly mentioned and the text was read aloud after which the experimenter
stated that there were four hyperlinks within this text and which options there were to navigate
and how the decision for navigation is made (“I can see that on this page, there are hyperlinks to
Nature, Money, Chile and Argentina. I think the latter two hyperlinks are focused on two particular
countries in South America, while the other two are about Nature and Money in South America in
general. I think all four topics are important to know more about. When I look at the overview, I see
that the page about Argentina is two levels beyond the current page. I thus think it is complex for me to
immediately understand the text on that page and that I can better choose to read another page first. I
can see also on the overview that the page about Money is only one level beyond this page, and leads to
the pages about Oil and Agriculture. I find it more interesting and logical to first learn more about the
money in South America and ways to gain money than to read about nature, so I will first click on the
Money-hyperlink.”). During the thinking-aloud part, the experimenter showed different possible
ways of using the overview and navigating through the hypertext, as the reader can also decide
to first read all second-level pages and then all third-level pages or to follow the black arrows
within the graphic overview. It was explicitly stated that there is no correct or wrong way to
read the text, as long as it is a student’s comprehension-fostering navigation path.
The third part of the instruction lesson is a reflection part, in which students were asked
to actively compare the approaches that are mentioned by them during the first part with the
approach that is modelled by the experimenter during the second part. Hereby, the students
were asked about the differences between the approaches and the pros and cons of each
approach.
Measures
Reading comprehension. Ten multiple choice questions from the Blom et al. (2018, see
Chapter 3) study were used for each text, of which five were explicit and five were implicit
questions. Answers on the explicit questions could be found literally in the text (“In which ocean
is Oceania situated?”), while inference making was needed to answer the implicit questions
(“What was a positive consequence of the housing crisis?”). The total score was the number of correct
answers on the questions and represented the level of reading comprehension. Reliability
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analyses of the former studies (2017 and 2018) showed a moderate reliability (alpha = .77
and .64). Additionally, twelve multiple-choice questions that were different than the above
described questions were used to assure that the two groups had the same level of prior
knowledge of the text content.
Vocabulary. Vocabulary level was measured with the Dutch version of the Peabody
Picture Vocabulary Test-III. (Dunn, Dunn, & Schlichting, 2005). Students were given a booklet
with four pictures on each page. The experimenter read aloud a word and students were
asked to cross out the picture that matched the given word. All students were given the items
of set 10 to 15 and each set contained twelve items. Correctly answered items were given one
point and when a student had nine or more errors in one set, this set was the last set that was
included in the score. The total score was added with 108 (total score of set 1 to 9) and reflected
the student’s vocabulary.
Verbal working memory. Verbal working memory was measured with the Digit Span
task (Kort et al., 2005). In the forward task, a sequence of digits was read aloud, after which the
student had to repeat the sequence in the same order. When at least one of the two items of
the same length of digits was recalled correctly, the sequence expanded. In the backward task,
the sequence of digits had to be recalled in the reversed order. When two items of the same
length were both recalled incorrectly, the task was stopped. Each correctly recalled sequence
was given one point. The score on verbal working memory was the total score of the forward
and backward task.
Procedure
Four schools were divided in two groups. Students from two schools (n = 42) were placed in
the First Intervention Group and thus had one reading session, then the intervention lesson
and then two more reading sessions. The students from the other two schools (n = 37) were
placed in the Second Intervention Group. They had two reading sessions first, then the
intervention lesson, followed by another reading session. Within each group, the number of
students reading the texts with an eye tracker was evenly divided. The reading sessions and
verbal working memory task were all individual sessions, while the intervention lesson and
the vocabulary task took place in the classroom. During the first reading session, all students
filled in the prior knowledge questionnaire and practiced with reading a hypertext. This
practice text had three pages with information about what the students were going to do.
The text contained hyperlinks and a graphic overview, so that the students became familiar
with the hypertext features. Then, all students read the first hypertext and after they finished
reading, they answered the questions corresponding the text topic they had read. During the
second and third reading session, all students only had to read their hypertext and answer the
corresponding questions.
Data analyses
To extract the eye tracking data from Tobii Studio, the overview and the text were selected as
areas of interest. As eye tracking measures, Fixation time on overview, Number of fixations on
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overview and Number of transitions (i.e. switches) between overview and text were chosen.
A fixation was defined by the ClearView Fixation Filter in the Tobii Studio Software, with a
50 pixels velocity threshold and 100 milliseconds duration threshold. One student had read
only three pages of two texts and three students wore glasses during the reading sessions.
Therefore, their eye tracking data were not reliable and these four students were removed from
the eye tracking analyses.
Prior to the data analyses, the variables Vocabulary and Verbal working memory
were centered and Number of transitions between overview and text was log transformed.
Sum-to-zero contrasts was applied to Group and to test our hypotheses on the impact of the
intervention, specific contrasts comparing scores on Time 1 with Time 2 and comparing scores
on Time 2 with Time 3 were assigned to Time.
Separate linear mixed effects models were run in RStudio (Version 3.4.1, R Core Team,
2018) with Fixation time on overview, Number of fixations on overview, Number of transitions
between overview and text and Reading comprehension as outcome variables. The lmer()
function from the lm4 package (Bates, Mächler, Bolker, & Walker, 2015) was used to conduct
the models and the afex() function (Singmann, 2013) to obtain the p-values of the fixed
effects. Models were fitted using Restricted Maximum Likelihood (REML) with Kenward-Roger
adjustment for fixed effects, because it yields less biased estimates for small groups (McNeish
& Stapleton, 2016). To give an indication of the precision and size of the effect size estimation,
unstandardized regression coefficients and confidence intervals are reported (Pek & Flora,
2018). All models included a random intercept of subject and school, so that random differences
between participants and schools were taken into account. Furthermore, Text topic was included
as control variable (fixed effect) in each model, because the three text topics differed in level of
difficulty. In case of an interaction between Group and Time, the effect of the intervention was
determined by conducting post hoc pairwise comparisons with the above described contrasts,
using the emmeans() package (Lenth, 2018). This means that only the comparisons between
Time 1 and Time 2 and between Time 2 and Time 3 were examined and reported. In case of an
interaction with a continuous variable, follow-up models per Group or Time were constructed.
Each model started with the predictor variables Group and Time and its interaction
as fixed effects to measure the effect of the intervention. To study whether the effect of the
intervention on hypertext reading processes and comprehension is influenced by individual
variation within students, the interactions of Group and Time with Vocabulary and Verbal
working memory were added as fixed effects to the models. To measure whether the
intervention affected hypertext comprehension through reading processes, Fixation time
on overview, Number of fixations on overview and Number of transitions between overview
and text were added as fixed effects to the model with Reading comprehension as outcome
variable. Furthermore, there was an additional analysis to check whether the intervention
effect was not affected by the low sample size. Therefore, the two groups were merged by
using only the measures directly before and after the intervention (Time 1 and 2 for the First
Intervention Group and Time 2 and 3 for the Second Intervention Group) and the model with
Group and Time and its interaction as fixed effects were ran again.

117

5

HYPERTEXT COMPREHENSION IN STUDENTS WITH HEARING OR LANGUAGE PROBLEMS

Results
Reading processes
To examine whether the intervention affected how students use the overview during reading,
eye tracking data of the students who have read the texts with an eye tracker (n = 39) were
analyzed. The fixation time on overview, the number of fixations on the overview and the
number of transitions between overview and text were analyzed. On average, sixteen pages
were read by the students, but a first look on the data revealed that 85% of the students read
at least thirteen pages of the hypertext and this number steeply decreases after that. Therefore,
the eye tracking data have only been analyzed relating to the first thirteen pages that the
students have read.
The eye tracking analysis has been conducted on 35 students, of which 21 were in the
First Intervention Group and 14 in the Second Intervention Group. See Table 5.1 for the mean
scores of the eye tracking measures per group over time and Figure 5.3 for a visualization of the
interaction effects.
Table 5.1
Means and standard deviations on reading process measures per intervention group
First Intervention
Group

Second Intervention
Group

M

SD

M

SD

Time 1

2235.20

1655.04

1482.93

724.40

Time 2

2665.77

1035.13

1120.37

682.62

Time 3

2801.37

1432.01

2723.63

957.56

Time 1

8.49

5.75

6.38

3.09

Time 2

10.32

3.81

4.41

2.79

Time 3

10.58

4.41

10.50

3.81

Time 1

3.20

1.58

4.00

2.68

Time 2

4.52

1.56

2.78

0.81

Time 3

4.27

1.33

3.73

1.61

Fixation time on overview (ms)

Number of fixations on overview

Number of transitions overview-text
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Figure 5.3. Mean scores on the duration and frequency of fixations on the overview and the
frequency of the transitions between overview and text for the First Intervention Group and
the Second Intervention Group per timepoint. The solid lines represent when the intervention
lesson took place. Dotted lines represent the periods before and after the intervention lesson.
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Fixation time on overview. The results of the linear mixed effects analysis on the fixation time
on overview with only Time and Group and its interaction as predictors showed that there was
a significant main effect of Time, F(2, 63.30) = 8.11, p < .001, 95% CI [-1415.31, -380.67], and an
interaction between Group and Time, F(2, 63.44) = 3.62, p =.03, 95% CI [215.93, 1262.45], but
no main effect of Group (p = .14). To see whether the interaction represents an effect of the
intervention, post hoc analyses with the specified contrasts comparing fixation times on Time 1
with Time 2 and Time 2 with Time 3 were performed. Only within the Second Intervention Group
the fixation times on the overview were significantly higher on Time 3 (after the intervention)
than on Time 2 (before the intervention), p = .004, b = -1635.83 (436). There was no difference
between Time 1 and 2, nor were there differences between the indicated timepoints within the
First Intervention Group (p ‘s > .85).
However, when combining the two groups (n = 35) and examining the effect of the
intervention on fixation time on overview, there was a significant increase in fixation time on
overview after the intervention, p = .002, b = -506.39 (151.25), but no interaction between Group
and Time (p = .08).
When adding Vocabulary and Verbal working memory to the model, the interaction,
F(2, 52) = 3.19, p = .05, and main effect of Time, F(2, 52) = 7.08, p = .002, remained significant.
Additionally, we found an interaction between Group and Vocabulary, F(1, 26.77) = 5.90, p =
.02, and a main effect of Verbal working memory, F(1, 21.24) = 5.24, p = .03, b = -160.70 (58.62).
Students with higher verbal working memory capacity had lower fixation times on the
overview. Follow up models per Group showed that only in the First Intervention Group, there
was a positive effect of Vocabulary level on fixation time on the overview, p = .02, b = 54.61
(21.40), meaning that students with higher levels of vocabulary had higher fixation times in
general. There was no significant effect of Vocabulary level on fixation time on the overview in
the Second Intervention Group (p = .53). No other main or interaction effects were significant
(p’s > .12).
Number of fixations on overview. The results of the linear mixed effects analysis on the number
of fixations on the overview showed that there was a significant main effect of Time, F(2, 63.45)
= 7.74, p = .001, and a significant interaction between Group and Time, F(2, 63.60) = 4.46, p = .02.
The post hoc analyses with specified contrasts showed that in the Second Intervention Group,
the number of fixations on the overview was higher on Time 3 than on Time 2, p = .002, b = -6.30
(1.58), which was after the students had received the intervention. There was no difference
between Time 1 and 2 two, nor were there differences between the indicated timepoints within
the First Intervention Group (p ‘s > .74). There was no main effect of Group on the number of
fixations on the overview (p = .13).
However, when combining the two groups and examining the effect of the intervention
onon the number of fixations on the overview, there was a significant increase in fixation
frequency after the intervention, p = .001, b = -1.97 (0.55), but no interaction between Group
and Time (p = .07).
The addition of Vocabulary and Verbal working memory to the model did not change the
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significance of above described interaction effect, F(2, 52) = 4.13, p = .02, and effect of Time, F(2, 52)
= 7.03, p = .002. Additionally, there was an interaction between Group and Vocabulary, F(2, 63.60)
= 4.46, p = .02. Follow up models per Group showed that only in the First Intervention Group, there
was a positive effect of Vocabulary level on number of fixations on the overview, p = .04, b = 0.16
(0.07), meaning that students with higher levels of vocabulary had more fixations. There was
no significant effect of Vocabulary level on number of fixations on the overview in the Second
Intervention Group (p = .64). No other main or interaction effects were significant (p’s > .06).
Number of transitions between overview and text. The results of the linear mixed effects
analysis on the number of transitions between overview and text revealed a significant
interaction between Group and Time, F(2, 63.57) = 5.86, p = .005. Post hoc analyses with specified
contrasts, showed a higher number of transitions on Time 3 than on Time 2 for the Second
Intervention Group, p = .002, b = -6.30 (1.58). None of the main effects were significant (p’s > .25).
However, when combining the two groups and examining the effect of the intervention
on the number of transitions between overview and text, there was a significant increase in
number of transitions after the intervention, p = .003, b = -0.54 (0.17), but no interaction
between Group and Time (p = .69).
When adding Vocabulary and Verbal working memory to the model, the interaction
between Group and Time remained significant, F(2, 52) = 6.06, p = .004, but post hoc analyses
showed different results. The above mentioned post hoc effect became nonsignificant, but
more transitions were now found in the First Intervention Group on Time 2 than on Time 1, p =
.04, b = -0.11 (0.04), while this difference was not seen in the Second Intervention Group. There
were no further significant main or interaction effects (p’s > .28).
Reading comprehension
Table 5.2 shows the descriptives for each group. Independent samples t-test showed that prior
knowledge did not differ between the two groups, t(77) = .094, p = .93, d = 0.02. The mixed
model analysis predicting the effect of the intervention on reading comprehension among
all students that have read the hypertexts (n = 79) showed a significant main effect of Time,
F(2, 147.66) = 5.20, p = .007. Post hoc analyses showed higher comprehension scores on Time 3
than on Time 1, p = .005, b = -0.76 (0.24), while there was no difference between the other time
points (p’s > .11). There was no main effect of Group, nor an interaction effect of Group and Time
(p’s > .17). When adding Vocabulary level and Verbal working memory capacity in the model,
there were no significant effects anymore (p’s > .17).
To see whether the process measures predicted comprehension, a mixed model was built
for only the students who have read the hypertexts with an eye tracker (n = 35). Independent
samples t-tests showed that the students who read the texts with an eye tracker did not differ
in comprehension scores on Time 1, Time 2 and Time 3 from the students who read the texts
without an eye tracker (all p’s > .22). In this model, the three eye tracking measures were added
as predictors. There was a significant main effect of Fixation time on overview, F(1, 75.60) = 4.65,
p = .03, b = -0.00 (0.00). However visual inspection showed this relation to be negligible.
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Table 5.2
Raw means and standard deviations on reading comprehension and individual skills
First Intervention Group
(n = 42)

Second Intervention Group
(n = 37)

M

SD

M

SD

Vocabulary

146.19

6.58

147.32

7.19

Verbal working memory

15.19

2.61

15.72

2.79

Reading comprehension Time 1

6.43

1.67

6.70

1.87

Reading comprehension Time 2

6.90

1.79

6.78

1.53

Reading comprehension Time 3

7.61

1.28

7.06

1.70

Discussion
The aim of Study 1 was to investigate whether an intervention focusing on graphic overview
use during networked hypertext reading would lead to a change in the reading processes and
to improved comprehension outcomes in hearing secondary mainstream school students.
Furthermore, it was investigated whether the intervention effect would be influenced by the
students’ cognitive-linguistic skills. It was found that explicitly training graphic overview use
led to different networked hypertext reading processes in one group, but not in the other.
However, this change did not affect the hypertext comprehension, nor was it influenced by the
students’ vocabulary level and verbal working memory capacity.
Regarding the first research question, we hypothesized that the intervention would lead
to higher fixation times and a higher number of fixations on the graphic overview and that
there would be more transitions between the overview and text. We indeed found an increase
in frequency and duration of fixations on the overview and number of transitions between
overview and text after the intervention, but this proved to be only significant for the Second
Intervention Group. However, additional analyses comparing pre- and postintervention
outcomes indicate an overall increase in frequency and duration of fixations on the overview as
result of the intervention, and this effect was not moderated by the intervention group being the
first or the second. It seems that having an explicit instruction to use the graphic overview during
networked hypertext reading, does actually change the reading behaviour of the students. Our
second hypothesis related to the first research question was that the intervention would lead
to higher networked hypertext comprehension, as a result of the change in reading processes.
We could not confirm this expectation, as both the reading processes and the intervention did
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not affect hypertext comprehension. It should be noted, however, that previous research has
shown that it takes long for reading strategies to become successfully applied after they have
been implemented via training (Droop, Van Elsäcker, Voeten, & Verhoeven, 2016). It might well
be the case that the intervention in the present study was too short to translate the significant
effect of the students’ change in reading behaviour into better hypertext comprehension
scores, but this will be further discussed in the general discussion.
Regarding the second research question for which the influence of cognitive-linguistic
skills was studied, it turned out that the intervention affected the networked hypertext
reading processes, regardless of the students’ level of vocabulary or verbal working memory
capacity. It was shown that the students in the First Intervention Group who had higher
vocabulary levels looked longer and more often at the graphic overview than the students
with lower vocabulary levels in the same group, which was seen on all timepoints. Although
this effect was not seen in the Second Intervention Group, it is interesting to note that
these students who have a higher vocabulary made more use of the graphic overview. In
light of the C-I model (Kintsch, 1988), it can be assumed that for the students with higher
cognitive-linguistic skills, the intervention did not affect their reading comprehension, as
they are already skilled in building a meaningful model of the text content. For the students
with lower cognitive-linguistic skills, it can be that, on the one hand, explicitly training
graphic overview use might have been too challenging, which made it less likely that they
were able to use it independently during networked hypertext reading. On the other hand,
as Hofman and Van Oostendorp (1999) suggested, the graphic overview can be too complex
to effectively use it for comprehensive goals, particularly for hypertexts with networked
structures. These students are then able to comprehend the structure of the hypertext, but
it barely affects the overall text comprehension. However, the students in Study 1 were all
from pre-university mainstream schools and had thus relatively high cognitive-linguistic
skills. DHH students and students with DLD generally have a lower vocabulary level and less
verbal working memory capacity and are thus at risk for comprehension. The intervention may
affect their networked hypertext reading processes and comprehension in a different way.

Study 2
In the follow-up study, the intervention lesson and reading sessions were carried out in
students at risk (DHH students and students with DLD), to investigate whether they also
experience an intervention effect. Furthermore, exploring the reading process within this group
will reveal whether these students at risk show a similar pattern in their reading behaviour
as typically developing hearing students. As previous studies point toward the beneficial
effects of a graphic overview in students with lower vocabulary level, it was expected that the
intervention effect would be larger than in in typically developing students; a higher frequency
and duration of fixations on the overview and more transitions between overview and text after
the intervention, and a transfer to hypertext comprehension.
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Method
Participants
Sixteen students at risk for comprehension problems agreed to participate, of whom seven
DHH students and nine students with DLD, as diagnosed by audiological diagnostic centers
specialized in language and communication disorders. The DHH students were all from one
special education secondary school, while the students with DLD were from two different
special education secondary schools1. Due to missing eye tracking data, one student with DLD
and one DHH student were removed from the dataset. The students had participated in one
of our previous studies (Blom et al., 2019, see Chapter 4), in which they read the texts as well
but that was 12 months before, and hence we expected no influences on the current study. All
parents and schools gave active consent and this study was approved by the ethical committee
of our research institute. Table 5.3 presents the descriptive statistics of the students.
Procedure
The procedure regarding the reading sessions, intervention lesson and the reading
comprehension measure were equal to Study 1. In Study 2, all students were tested in a similar
way as the First Intervention Group from Study 1 and all students read the texts with the eye
tracker. Verbal working memory vocabulary scores from the previous study (Blom et al., 2019,
see Chapter 4) were used in current data analyses.
Data analyses
To investigate whether the students at risk could be merged into one group for further analyses,
independent samples t-tests comparing the individual skills and reading comprehension
process measures between the DHH students and students with DLD were conducted. A
Benjamini-Hochberg correction for multiple testing was applied. As there is no nonparametric
alternative for linear mixed effect models, Repeated Measures Anovas were conducted on
Fixation time on overview, Number of fixations on overview and Number of transitions between
overview and text to investigate whether an intervention effect was also seen in a small sample
of students at risk. Hereby, the partial eta squared effect sizes were used as indicator of the
main intervention effect in this sample, without generalizations to the larger population.
Repeated contrasts are used to compare scores between Time 1 and Time 2 and between Time
2 and Time 3. Hereby, Cohen’s d for within-subjects contrasts was calculated, as it provides more
information about the size of difference between two means in standard deviation units. To
explore whether the students at risk show a similar pattern in reading comprehension and
reading process, independent samples t-tests comparing the students at risk with the typically
developing students from Study 1 are performed with Benjamini-Hochberg correction for
multiple testing.
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Table 5.3
Means and standard deviations on individual skills and reading comprehension and process measures per
group
DHH
(n = 6)

DLD
(n = 8)

M

SD

M

SD

t

Age (years)

14.15

0.44

15.18

0.48

-4.11**

Vocabulary

124.33

14.58

127.13

9.12

-0.44

Verbal working memory

12.83

2.71

10.75

1.91

1.69

Time 1

5.83

2.79

5.63

1.85

0.17

Time 2

6.33

1.37

6.63

1.92

-0.32

Time 3

6.00

2.10

5.63

2.72

0.28

Time 1

884.76

561.26

748.77

465.19

0.34

Time 2

2305.95

1139.74

2007.33

1105.40

0.53

Time 3

2190.68

1272.78

1517.29

869.10

0.53

Time 1

3.39

1.70

3.17

1.52

0.07

Time 2

9.18

3.81

7.72

3.69

0.70

Time 3

9.06

4.74

6.81

3.53

0.44

Time 1

2.96

1.45

2.34

0.35

1.03

Time 2

4.18

1.41

3.91

1.29

0.37

Time 3

4.47

1.18

3.77

1.04

1.12

Comprehension

Fixation time on overview (ms)

Number of fixations on overview

Number of transitions overview-text

** p = .001
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Results
Comparison DHH students and students with DLD
The students with DLD were slightly older than the DHH students, p = .001. As can be seen in
Table 5.3, the DHH students and students with DLD did not differ from each other on their
individual skills and reading comprehension and process measures (all p’s > .12). Therefore,
these students were merged into one sample.
Intervention effect on reading comprehension and process
Table 5.4 provides the scores on reading comprehension and reading process measures over
time. An effect was found for all three reading process measures (all p values < .005), but not
for reading comprehension (p = .33). Repeated contrasts for Fixation time on overview showed a
large effect between Time 1 and Time 2 (d = 1.25, p = .002), so before and after the intervention,
but not between Time 2 and Time 3 (d = 0.47, p = .09). A similar effect was found for Number
of fixations on overview between Time 1 and Time 2 (d = 1.35, p = .001) and the Number of
transitions between overview and text had a large effect between Time 1 and Time 2 (d = 1.00,
p = .01). These process measures did not find an effect between Time 2 and Time 3 either (d =
0.29, p = .22 and d = 0.14, p = .83).
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Table 5.4
Means and standard deviations of reading comprehension and process measures over time for the
students at risk (n = 14)
Time 1

Comprehension

Time 2

Time 3

M

SD

M

SD

M

SD

ŋp2

F

5.71

2.20

6.50

1.65

5.79

2.39

0.08

1.16

0.42

8.79

Fixation time on overview (ms) 841.06 495.21 2203.38 1099.64 1776.29 1047.31
Number of fixations on

3.39

1.52

8.64

3.64

7.67

4.00

0.49

11.62

2.65

1.01

3.97

1.33

4.04

1.11

0.37

6.97

overview
Number of transitions
overview-text

Exploratory analyses of reading patterns
To further explore the reading process of the students at risk (n = 14), their skills and process
measures were compared to that of the typically developing students in the First Intervention
Group from Study 1 (n = 21) by conducting independent samples t-tests. The results showed a
significantly lower vocabulary size, t(17,64) = 5,97, p < .001, d = 0.22, and verbal working memory
capacity, t(33) = 4,72, p < .001, d = 0.16, in the students at risk (see Table 5.2 and Table 5.3 for the
mean and standard deviations of the groups), even though these students were older, t(17,42)
= -9,73, p < .001, d = 0.36. The groups did not differ in reading comprehension (all p values >
.01). Regarding the fixations on the overview, the results showed that both fixation duration,
t(27,06) = 3,91, p = .001, d = 1.66, and frequency, t(25,70) = 4,09, p < .001, = 0.13, on Time 1 was
lower for the students at risk than the typically developing students. There was no difference on
the other timepoints (all p values > .07), nor were there differences between the groups on the
number of transitions between overview and text (all p values > .39).

5

Discussion
In the follow-up study, we investigated whether the intervention effect found in typically
developing students was also observed in students at risk for comprehension problems. The
results of this sample indeed showed a large effect of the intervention, resulting in a higher
fixation frequency and fixation duration on the overview and more transitions between
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overview and text. Furthermore, explicitly instructing graphic overview use did not affect
networked hypertext comprehension of these students at risk. The results thus replicate the
results from Study 1, suggesting that students at risk may also benefit from this intervention.
When looking in more depth at the reading processes, it appears that on Time 1, the students at
risk fixated less and less time on the graphic overview than the typically developing students. It
is not clear why this difference was present on Time 1, but it might be the case that students at
risk have more difficulties with monitoring their learning and knowledge acquisition and that
they predominantly focused on the text, without consulting the graphic overview. Marschark
and Wauters (2008; 2011) indeed suggested that deaf students use less meta-cognitive
strategies during reading and that they do not apply them automatically. It is unknown how
the meta-cognitive strategy use in students with DLD is developing.
After the intervention, the difference disappeared, which seems to suggest that the effect
of the intervention was even larger for students at risk and that they need explicit training of
meta-cognitive strategy use. Although no generalizations can be made towards the larger
population of DHH students and students with DLD, the results seem to point towards the
value of explicitly teaching graphic overview use to change hypertext reading processes even
in students with lower cognitive-linguistic skills. However, in line with Study 1, no transfer to
hypertext comprehension took place in students at risk. As this result was seen in both studies,
this finding will be discussed below.

General discussion
This paper presents two studies that have investigated whether the explicit instruction of
graphic overview use changes networked hypertext reading behaviour and comprehension.
Typically developing hearing students as well as students at risk in special education are shown
to change their reading behaviour after receiving the intervention, as reflected in a higher
frequency and duration of fixations on the graphic overview and more transitions between
overview and text.
Although there are no other studies that have used an eye tracker to measure change in
reading processes as result of an intervention, there are papers that have showed an increase
in reading strategy use after receiving explicit instruction regarding strategy use (Fesel et al.,
2016; Spörer, Brunstein, & Kieschke, 2009). In our current studies, students were made aware
of the graphic overview and the possibilities to use it while reading. While they might have
thought at first that the graphic overview was just an image belonging to the text and have not
paid much attention to it, the instruction stimulated them to pay more attention to the graphic
overview as it could have been helpful during hypertext reading. By giving these students more
explicit guidelines about how to deal with a graphic overview, they looked at the overview more
frequent and for a longer period of time.
This is the first paper that seems to demonstrate that teaching students to look at the
overview may indeed result in an increase in frequency and duration of fixations on the graphic
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overview, but of course given the power issues these studies definitely need replication to
support this cautious conclusion.
With regard to the absence of an intervention effect on hypertext comprehension, it can
be discussed whether the intervention was too short for students to implement comprehension
enhancing skills during their individual reading sessions. Droop et al. (2016) pointed in their
study on strategic reading comprehension instruction towards the importance of long-term
interventions. It takes at least one year before students have internalized the strategies and
are able to effectively use them to enhance reading comprehension outcomes. It is possible
that sustained instruction on graphic overview use would not only lead to a change in reading
processes, but also to enhanced networked hypertext reading comprehension. Further research
should elaborate more on the effects of intervention duration and the exact relation between
reading processes and comprehension outcomes.
Salmerón and colleagues (2009, 2011) showed that timing of consulting the overview is
important for comprehension; if the content of a hypertext is difficult due to readers’ low prior
knowledge or due to a networked hypertext structure, readers who look at the graphic overview
prior to reading the text benefit from the overview. The authors explained that it is possible
that the overview was consulted first to check the organizational structure of the text and then
used to easily construct and integrate the information in the text into a meaningful whole, so
that more cognitive space was left for comprehension of the text content. We checked whether
timing of consulting the overview might have played a role in our study by analyzing the effects
of the fixation measures at only the first page on comprehension in the typically developing
students. However, the results stayed the same, indicating that the timing of consultation of
the graphic overview did not influence hypertext comprehension.
Alternatively, it might be that the presence of a graphic overview was unnecessary
to comprehend the hypertexts in these studies, which is in line with the results from the
Brinkerhoff et al. study (2001) and Hofman and Van Oostendorp (1999). As the latter authors
suggested, the graphic overview might only be beneficial to construct a deeper structural
knowledge of the text content and not for textbased knowledge per se, while we only measured
the latter in our current studies. However, more clarification might also be needed about the
specific features of the graphic overview that are facilitative for networked hypertext reading. It
can be discussed whether the design of the graphic overview in the present studies was useful
enough as a basic framework from where the students could effectively construct and integrate
the text content. The graphic overview used was a static one, while other studies made use of
a dynamic, navigable overview (Amadieu, Van Gog, Paas, Tricot, & Mariné, 2009; Salmerón &
García, 2011). Bezdan, Kester, and Kirschner (2013) indeed showed that the navigable options
within a graphic overview influences hypertext reading performance. It might be that readers
passively look at a static graphic overview to check where they are within the text, but use the
graphic overview more actively when it is dynamic. In the latter case, readers can actively use
the graphic overview to follow a more coherent text order, thereby facilitating the construction
and integration of the text content.
These studies contain some limitations that should be mentioned. For practical reasons,
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half of the typically developing students in Study 1 had read the hypertexts with an eye
tracker, which resulted in a small sample of students in the intervention groups. Although the
analyses on the merged data point towards a change in processing behaviour as a result of
the intervention, the results should be interpreted with caution. This is also the case for the
follow-up study; although all students at risk have read the texts with an eye tracker and large
effect sizes are observed, no generalizations can be drawn from the results. Additionally, both
studies have focused on textbased comprehension only, as measured with questions. Former
studies have shown that differences exist in the effect of a graphic overview on textbased versus
structural knowledge (Blom et al., 2018, see Chapter 3; Hofman & Van Oostendorp, 1999). It
might be that a graphic overview only worked for the deeper construction knowledge which
could be measured with concept maps, as deeper construction knowledge involves more use of
inference making and integrating different parts of the text into one meaningful whole. Future
studies should thus focus more on which features of the graphic overview (static vs. dynamic;
shown at beginning vs. during hypertext reading) and which duration of the intervention will
work to enhance networked hypertext comprehension at different levels.
Taken together, these studies indicate that, regardless of the students’ cognitive-linguistic
skills, an intervention focusing on graphic overview use during hypertext reading seems
to influence their reading processes, although it does not lead to higher comprehension
performance. It is important to note that meta-cognitive awareness of hypertext reading
approaches can be implemented into the reading instruction curriculum in the classroom.
Teachers can make students aware of the possibilities of using a graphic overview during
networked hypertext reading and try to variate with the features of the overview and the
duration of the intervention to see how that affects the students’ comprehension.
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GENERAL DISCUSSION

For decades, being able to read books might not only provide joy to readers, but can also
give readers the opportunity to learn from different sources of information. Nowadays, the
internet has become a significant source of information in our daily lives, but the reading
approach of online texts has shown to be significantly different from offline texts (Shapiro &
Niederhauser, 2004). The general aim of the present dissertation was to examine the role of
hypertext features and students’ cognitive-linguistic skills on the hypertext comprehension
of deaf or hard-of-hearing (DHH) students and students with a Developmental Language
Disorder (DLD). The first part of the dissertation (Chapter 2, 3 and 4) focused on how hypertext
comprehension of these students at risk for reading comprehension problems was affected
by hypertext features and the students’ cognitive-linguistic skills, as opposed to typically
developing students. In the second part of the dissertation, an intervention study was designed
to investigate to what extent hypertext reading behaviour could be affected and hypertext
comprehension be facilitated by an intervention on graphic overview use (Chapter 5). In this
final chapter, the key findings are presented and discussed in light of the theoretical framework.
Furthermore, limitations and suggestions for future research are provided and this chapter
ends with implications for the educational field.

Effects of hypertext structure on comprehension
The first research question addressed the role of hypertext features on comprehension in DHH
students and students with DLD, compared to hearing students without DLD. Regarding the
hypertext structure, the study in Chapter 2 compared comprehension of linear digital texts
with hierarchically structured hypertexts, whereas Chapter 3 and 4 focused on the comparison
between linear digital texts and networked hypertexts. It was found that hierarchically
structured hypertexts were not more challenging to comprehend than linear digital texts, as
measured with textbased questions, on the one hand, and concept maps, on the other hand.
However, after reading a networked hypertext, the students had lower comprehension scores
on textbased questions than after reading a linear text. These results were obtained for both
typically developing students and students at risk and add to the view of Salmerón, Cañas,
Kintsch, and Fajardo (2005). They have used the C-I model of Van Dijk and Kintsch (1983) to
explain that comprehending hypertexts can be a challenge due to the low coherence between
text pages. It suggests that a certain structure can facilitate students to guide them through
the hypertext by following an order in which pages show a meaningful, coherent connection
with each other. Hierarchically structured hypertexts may help to pave the way to construct and
update their situation models of the text content in a more easy and transparent way, so that
comprehension is facilitated.
Indeed, when looking at the linearity of the navigation in the linear texts and the two
types of hypertexts, it turns out that the linearity was highest in the linear text condition
and lowest in the networked hypertext condition. Regarding the navigation measures that
captured reading times and pages visited, Chapter 2 showed that navigation behaviour while
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reading a hierarchically structured hypertext does not differ from the behaviour while reading
a linear text; the number of pages being read and their reading times were comparable.
However, students who read a networked hypertext visited more pages than students who read
a linear digital text. Although the total reading time was longer in the networked hypertext
condition than in the linear text condition, the reading times per page were shorter. Again, this
result was seen in both typically developing students and students with hearing or language
problems, but it was found in the reversed condition as compared to the Miall and Dobson
study (2001), who found higher reading times on average per page in hypertexts compared to
linear texts. These findings seem to indicate that the structure of the hypertext influences the
navigation behaviour of the students. However, no correlation was found in our thesis between
the navigation measures and comprehension outcomes, suggesting that the hypertext
comprehension did not seem to be affected by navigation.
Chapter 3 and 4 showed that networked hypertexts were more difficult to comprehend on
textbased level, which was in accordance with the study of Son, Park, and Kim (2011). They also
found lower textbased comprehension as measured with questions, after reading a networked
hypertext than a linear text, while deeper structural knowledge as represented by concept
maps was not affected by hypertext structure. The difference in textbased knowledge versus
deeper structural knowledge can be explained in terms of how both comprehension levels
were measured and how it affected the students’ learning approach. Textbased knowledge
was measured with multiple-choice questions during (Chapter 2 and 4) or after (Chapter 3
and 5) text reading and provokes students to take a passive learning style (Michel, Cater, &
Varela, 2009). On the contrary, measuring deeper structural knowledge by letting students
draw concept maps after reading (Chapter 2, 3, and 4) invites the student to take a more active
learning approach (Michel et al., 2009). It is possible that the multiple-choice questions
provoked students to be more passive in their learning approach, making it challenging for
them to effectively gain the knowledge needed from the networked structured hypertext. On
the contrary, the active learning approach that was needed to draw concept maps, might have
invited students in a more engaged content learning. Hereby, they might have been able to
integrate different kinds of information to build strong situation models, so that the design of
the text (linear text versus hypertext) did not affect their knowledge acquisition.

Effect of graphic overview on comprehension
Next to the hypertext structure, the availability of a graphic overview affected hypertext
comprehension as well. In Chapter 4, the graphic overview showed to be an effective tool in
the comprehension of networked hypertexts when the students’ vocabulary level is low. These
students had lower comprehension scores on the questions after reading the networked
hypertext than the linear text without a graphic overview, but this difference was not observed
when a graphic overview was available. This result was seen in typically developing students
as well as in DHH students and students with DLD. With the graphic overview, students with
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low vocabulary levels had a tool they could use to explicitly see how pages are connected,
which also seems to support the C-I model in light of hypertext comprehension (Salmerón et
al. 2005; Van Dijk & Kintsch, 1983); when coherence between pages is low, as is the case for
networked hypertexts, a hypertext can be challenging. However, as the underlying connections
are visualized, comprehension of the hypertext is comparable to a linear text.
The availability of a graphic overview also changed the student’s navigation behaviour,
irrespective of the type of text. In both linear texts and hypertexts, more pages were read and
the reading time per page was lower in case there was a graphic overview. It implies that when
there is no clear navigation guide available, the students were switching back and forth between
pages more often, suggesting that they needed an indirect route to retrieve the information
they searched for.

Effects of students’ cognitive-linguistic skills on hypertext comprehension
The second research question focused on the effects of the students’ cognitive-linguistic skills
on hypertext comprehension. Although the design of the hypertext has shown to be pivotal to
comprehension, the vocabulary level appeared to play a moderating role in this relationship.
Regarding the effect of working memory on hypertext comprehension, the results from
Chapter 2 and 4 demonstrated that verbal working memory was positively related to overall
digital text comprehension, regardless of the text type (linear text or hypertext). The effect of
verbal working memory on reading comprehension was not found in Chapter 3, but other than
in Chapter 2 and 4, the design of Chapter 3 was such that the questions were answered after text
reading instead of during text reading. One can assume that answering the questions during
reading puts a higher demand on the verbal working memory capacity; students have to read
and remember the questions, search for the answer and integrate the information with their
prior knowledge to get to the correct answer. Visuospatial working memory was only positively
related to hierarchically structured hypertext comprehension (Chapter 2), but not to networked
hypertext comprehension. These results thus suggest that working memory capacity is an
important skill to comprehend texts, regardless of whether it is a linear text or a hypertext.
With regard to the effect of vocabulary on hypertext comprehension, the results showed
that, just as with verbal working memory, level of vocabulary was positively related to both
linear text comprehension and networked hypertext comprehension. However, a higher
demand was placed on the vocabulary when reading networked hypertexts; predominantly
the students with lower levels of vocabulary had difficulties with the comprehension of
networked hypertexts, while students with higher levels of vocabulary did not show this
difference (Chapter 3 and 4). The presence of a graphic overview showed to be an effective tool
for these students; in case a graphic overview was available, the difference in comprehension
scores between linear text and networked hypertext disappeared (Chapter 4).
The results seem to indicate that the reading processes as described in the reading systems
framework (Perfetti & Stafura, 2014) and the C-I model (Van Dijk & Kintsch, 1983) also hold for
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hypertexts and that both lexical quality and working memory are important factors. Although
it was expected that a higher demand would be placed on the verbal working memory capacity,
no evidence was found for that. Instead, it was the vocabulary level that seems to play a pivotal
role in networked hypertext comprehension. At first glance, this finding might seem surprising.
However, there is evidence that the lexical knowledge can affect verbal memory capacity and
vice versa (Hulme, Maughan, & Brown, 1991; Majerus, Poncelet, Greffe, & Van der Linden,
2006; Roodenrys & Hinton, 2002), showing lower memory span for nonwords than for words.
Presumably, having a good lexical knowledge can ease the working memory capacity, but a
lack of lexical knowledge can place a higher demand on the working memory capacity. The
effect of verbal working memory capacity in hypertext comprehension might thus have been
overshadowed by vocabulary size in the present thesis.
The present findings do not show that a hypertext, regardless of its features, can have a
positive effect on the students’ comprehension outcome. This was not in line with the cognitive
flexibility theory (Spiro, Coulson, Feltovich, & Anderson, 1988). The results point out that
although there were no enhanced comprehension outcomes after reading hypertexts, some
students were not negatively affected by the features of the hypertext either. These students
had higher cognitive-linguistic skills and were able to cope with hypertexts in such a way that
their reading comprehension outcomes were comparable to linear texts. However, for the
students with lower cognitive-linguistic skills, certain hypertext designs can put a too high
demand on their cognitive capacity, so that the learning outcomes are detrimental for them.
This outcome can be explained by the cognitive load theory (Sweller, 1988; Kester & Kirschner,
2009; Niederhauser, Reynolds, Salmen, & Skolmoski, 2000); they are less able to flexibly cope
with the endless possibilities that the hypertext provides, leading to feelings of disorientation
and increased cognitive load. These students are better off with texts that are adapted to their
needs; with a prescribed format. It sheds light to the mixed findings that were found thus far
about the effects of hypertext features on how hypertexts were read and comprehended (Burin,
Barreyro, Saux, & Irrazábal, 2015; Destefano & Lefevre, 2007; Zumbach & Mohraz, 2008), as the
present thesis shows that the variation in students’ cognitive-linguistic skills should be taken
into account. This finding adds to the existing evidence that predominantly poor readers are
affected by texts without a clear guidance (Naumann, Richter, Flender, Christmann, & Groeben,
2007). It suggests that having a strong vocabulary and a broad world (prior) knowledge
is important to effectively update intermediate situation models and to make coherent
navigation decisions during hypertext reading.

Teaching graphic overview use
The third research question focused on the extent to which hypertext reading behavior and
hypertext comprehension of students at risk benefit from a graphic overview use intervention.
The first part of the dissertation has shown that a networked hypertext without features that
help the reader to identify the coherence between text pages can be a challenge. Therefore, an
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intervention study was designed in which it was investigated whether graphic overview use can
be taught to change the networked hypertext processing behaviour and to facilitate hypertext
comprehension. The results show that the intervention was indeed effective in changing the
hypertext processing behaviour; students looked longer and more often at the graphic overview
and made more switches between the overview and the text. Students were made more aware
of the possibilities of the graphic overview for hypertext performance and the results suggest
that they indeed adapted their reading approach.
However, there was no transfer to hypertext comprehension and this pattern was seen
in both students at risk for reading comprehension problems, as well as typically developing
students. Given the fact that the raw scores did show a progression in comprehension, it could
be argued that the intervention should have had a longer implementation phase. Droop, Van
Elsäcker, Voeten, and Verhoeven (2016) stated in their paper that an intervention focusing on
reading strategies implementation should have a duration of at least one year. The use of such
long-term interventions provides students with the opportunity to internalize the strategies
and to learn to effectively use them during reading in order to enhance reading comprehension.
Sustained instruction of using the graphic overview could in this scenario not only positively
affect the reading processes, but also extend this effect to the comprehension of networked
hypertexts.

Hypertext comprehension of students at risk revisited
The present thesis tried to shed more light on the hypertext comprehension and the processes
involved in both typically developing students and students at risk for reading comprehension
problems. Underlying the three research questions was the question how hypertext
comprehension of DHH students and students with DLD would be, compared to students
without hearing or language problems.
Many studies have shown that DHH students and students with DLD show severe delays
regarding linear text comprehension (Gough Kenyon, Palikara, & Lucas, 2018; Kyle & Cain,
2015; Nittrouer & Caldwell-Tarr, 2016; Snowling, Bishop, & Stothard, 2000; Wauters, Van Bon,
& Tellings, 2006). The results in Chapter 4, in which the students with hearing or language
problems were compared to students who had a comparable age, revealed that this delay also
holds for networked hypertext comprehension. Regarding digital text comprehension, it was
shown that the comprehension outcomes of DHH students and students with DLD on linear
texts as well as hierarchically structured hypertexts and networked hypertexts was comparable
to students who were on average three years younger (Chapter 2 & 4).
Together, the main findings indicate that DHH students and students with DLD do not
face additional challenges compared to typically developing students when they are reading
hypertexts. Although this is a positive result, it is important to emphasize that they are still
about three years behind and that it is thus reasonable to speak of a general delay in their
(offline and online) reading development.
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The findings do indicate that the processes involved in hypertext reading are in accordance
with the reading systems framework (Perfetti & Stafura, 2014), the lexical quality hypothesis
(Perfetti & Hart, 2001; 2002) and the C-I model (Van Dijk & Kintsch, 1983), not only in typically
developing students, but also in students who are at risk for reading comprehension problems.
More specifically, in all students, lexical quality and verbal working memory are factors that are
involved in hypertext comprehension. Such as with linear text comprehension, our findings
suggest that hypertext comprehension outcomes are highly related to the quality and quantity
of the reader’s vocabulary. Furthermore, associations within and between sentences are easily
and rapidly integrated (Perfetti, 2007), which also puts a high demand on the reader’s working
memory capacity.
Next to the reading systems framework, the processes described in the C-I model suggested
that text comprehension takes place at two levels; textbased knowledge and a situation model.
The model described that working memory plays an important role, as information from
the long-term memory is activated and integrated with new information so that a situation
model of the text content is built. The results from the present thesis show that the processes
of the C-I model also capture hypertext comprehension and that the verbal working memory
plays an important role. However, the student’s vocabulary size has the strongest impact on
their comprehension of hypertexts. Salmerón and colleagues (2015) proposed that building
a situation model during hypertext reading might put a higher demand on the cognitive
processing than during linear text reading, as hypertext pages are less coherent than linear text
pages. It can be assumed that the quality and quantity of the vocabulary is pivotal for effective
cognitive processing; readers with stronger vocabulary bonds are able to see the connection
between pages faster and more easily, leaving more space for the actual processing (integration
and interpretation) of the text content.
This thesis has shown that the large variation in hypertext comprehension outcomes
depends on the interaction between hypertext features and students’ cognitive-linguistic
skills. The students’ cognitive-linguistic skills are the main determinants that predict how
students cope with networked hypertexts. Those students from the present thesis with higher
cognitive-linguistic skills were found to be unaffected by the status of hypertext features and did
not show enhanced comprehension outcomes. There was thus little evidence for the cognitive
flexibility theory (Niederhauser et al., 2000; Spiro et al., 1988) that students would be able to
use hypertexts in a more flexible way so that their hypertext reading performance equals linear
text reading performance. On the contrary, it was found that networked hypertext reading
requires additional cognitive processing, especially for students with lower cognitive-linguistic
skills. This finding is in line with interpretation of the cognitive load theory in hypertext reading
(Sweller, 1988; Kester & Kirschner, 2009; Niederhauser et al., 2000). Students with lower
cognitive-linguistic skills might get lost in the networked hypertext without a graphic overview,
due to their inability to use effective strategies to automatically integrate and interpret the text
content. Their cognitive capacity can be used to navigate efficiently through the hypertext,
leaving less space available for the actual comprehension of the hypertext, which can indeed
be explained by the cognitive load theory.
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To summarize, the findings of the present thesis seem to indicate that the processes
underlying hypertext reading comprehension are highly comparable to the processes
underlying general reading comprehension. The exact interaction of the cognitive-linguistic
skills and hypertext features on comprehension can be explained from the cognitive load
theory, depending on the quality of the cognitive-linguistic skills. Although the development of
hypertext reading comprehension processes was found to be delayed in students with hearing
or language problems, the structure of these processes was highly comparable with that of
typically developing students.

Considerations and suggestions for future research
Although this research project has its strengths and was the first study to focus on hypertext
comprehension in students at risk for reading comprehension problems, there are some
limitations that should be considered so that future work can elaborate on these.
First, all studies conducted for this research project were experimental in nature and
focused on the comprehension of specific designs of hypertexts. However, online reading
comprises a whole range of skills and different hypertext designs that should deserve attention
in future studies, to make generalizable claims regarding hypertext comprehension. As
students are encouraged to seek for information online, hypertext comprehension is only one
of the many skills important to succeed in online information gathering. Being able to use the
right search terminology, to evaluate the reliability of online sources, to develop effective and
efficient web navigation skills and reading and searching strategies are only a few of the many
aspects that should be considered for future research (Salmerón, Strømsø, Kammerer, Stadtler,
& Van den Broek, 2018). Furthermore, due to the experimental nature of the conducted studies,
the designs of the hypertexts were straightforward by using static graphic overviews and small
hypertexts containing ten pages. Variation in for example the number of hypertext pages
and dynamic overviews can be informative in future research. For example, a hypertext that
includes different media types and without navigation limits seems to be worthwhile to draw
general conclusions about how students cope with various hypertext designs.
Second, hypertext comprehension in Chapter 2 and 4 were measured by letting the
students answering the questions during reading. Due to methodological issues, the students
in Chapter 3 and 5 answered the questions after reading the texts; the students in Chapter 3
were all typically developing students at pre-university level so that there was a chance of
ceiling effects if they answered the questions during reading. Chapter 5 included the measure
of reading processes with an eye tracker which made answering the paper and pencil questions
during reading impossible. Although both methodologies capture reading comprehension,
investigating the exact nature of measuring reading comprehension during and after reading
is warranted.
Finally, the use of both outcome and process measures has proven to be valuable to give
insights in which factors relate to hypertext comprehension. We have used eye movement
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techniques only in our intervention study (Chapter 5), but future studies should certainly
investigate how students process hypertexts of varying designs and should focus on the exact
relation between hypertext processing behaviour and comprehension outcomes. Hereby,
other measures that capture the implicit processing of the hypertext, such as brain measuring
techniques, should be considered as well.

Practical implications
The present dissertation shows that students are able comprehend hypertexts, even if hearing
or language problems are present. The main findings are that hypertext comprehension in
these students is delayed and not deficient and that vocabulary level is the pivotal skill that
makes the difference in how students cope with hypertexts, give useful implications for
educational professionals.
First, as vocabulary level has shown to be the basis of hypertext comprehension, a focus
of the educational programs on increasing the quality and quantity of word knowledge in
both typically developing students and students with hearing or language problems seems
worthwhile. Discussing timely topics, talk about experiences the students can relate to and
making field trips to enlarge the students’ world view are examples of how both world and
word knowledge can be stimulated. Letting students draw concept maps and discuss them in
public gives them the opportunity to tighten the bonds between word groups.
Second, educational settings can make use of hierarchically structured hypertexts as well
as linear digital texts. Those were not more or less difficult compared to the other and can both
be used for educational purposes. However, the majority of the hypertexts on the internet is
networked structured and teachers should be aware that those are more challenging to read.
It is therefore advised to let students practice with reading and comprehending hypertexts by
starting in a structured and small hypertext environment, where the relations between text
pages within a hypertext are discussed during and after reading. Using a graphic overview can
then also be a helpful tool. By making the hypertext’s underlying structure explicit and visible,
students can elaborate on this and meanwhile, they learn how to integrate different concepts
into one clear situation model, so that hypertext comprehension is facilitated. Teachers need
to be aware that they should take the time to teach students hypertext reading approaches
and let them implement the reading strategies. Gradually expanding the difficulty of the
hypertexts by adding more hypertext pages, removing the graphic overview and the hypertext
structure gives students the opportunity to become accustomed to the networked hypertexts
on the internet. Hereby, lessons focusing on how the structure of hypertexts and the underlying
relations between hypertext pages can be tracked, seem promising.
Finally, the present thesis did not find significant differences in hypertext comprehension
between the two groups at risk. However, observation of the raw scores do seem to show that
students with DLD are more behind than DHH students regarding the cognitive-linguistic skills
and reading comprehension outcomes. Whereas verbal working memory capacity seems to be
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impaired in students with DLD, DHH students have a relatively strong visuospatial working
memory capacity. An important job of the current education for students at risk for reading
comprehension problems lies in deploying the students’ strengths and accommodating to the
students’ weaknesses. Educational professionals of students with DLD should be aware that
due to a limited verbal working memory capacity, it can be a challenge for these students to
conduct simultaneous activities and to integrate different concepts in their mind. Therefore,
explicit and direct instruction with a limited number of tasks might suit them best. For DHH
students, using visual and spatial tools, to support learning can enhance their learning
outcomes. However, even in both groups, the professionals should consider that there is a
large variability in the cognitive-linguistic skills and reading outcomes. Performance of DHH
students can differ greatly due to access to and quality of their mother language (signed and
oral), the amount of functional residual hearing (use of hearing aids or cochlear implants)
and it is important that educational professionals take a flexible approach to adapt to each
individual student’s needs.
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Samenvatting
Vanaf het einde van de 20e eeuw heeft het internet een steeds prominentere plaats in het
dagelijks leven ingenomen. In het onderwijs wordt het gebruikt om bijvoorbeeld leerlingen
informatie te laten opzoeken. Tegelijkertijd is er nog maar relatief weinig bekend over hoe goed
leerlingen digitale teksten op het internet begrijpen. Het kunnen lezen van algemene, lineaire
teksten betekent niet automatisch dat ook digitale teksten gemakkelijk worden gelezen en
begrepen. Deze digitale teksten bevatten vaak hyperlinks (meestal blauwe, onderstreepte
woorden) en worden daarom ook wel hyperteksten genoemd. Een hypertekst lezen vereist
een andere aanpak dan het lezen van een lineaire tekst; de lezer moet lezen wat er staat, de
relevante informatie onthouden en bij elke hyperlink beslissen of deze gevolgd wordt. Wanneer
de lezer op een nieuwe pagina komt door een klik op een hyperlink, dient alle nieuwe relevante
informatie van deze pagina te worden geïntegreerd met wat er net is gelezen en wat de lezer
al weet over het onderwerp. Doordat de tekst niet doorloopt kan dat lastig zijn. Daarnaast kan
het design van een hypertekst variëren naar gelang de structuur en aanwezigheid van visuele
ondersteuning. Zo bevat een hiërarchisch gestructureerde hypertekst in zekere mate een
boomstructuur, waarbij men logischerwijs kan aannemen dat een pagina over bijvoorbeeld
vogels bereikt kan worden via een pagina over dieren. Bij een netwerk gestructureerde
hypertekst kunnen alle pagina’s die ook maar enig overlap hebben qua onderwerp aan
elkaar gelinkt zijn, wat resulteert in minder structuur. Om de structuur weer te geven kan een
hypertekst visuele ondersteuning bevatten, bijvoorbeeld in de vorm van een grafisch overzicht
dat de onderliggende connecties tussen pagina’s in beeld brengt.
Onderzoek naar het begrijpend lezen van hyperteksten bij volwassenen laat zien dat
het begrijpen van deze hyperteksten een uitdaging kan vormen voor sommige lezers, met
name wanneer (1) de eigenschappen van de hypertekst, zoals structuur en visualisatie van
de onderliggende structuur, niet faciliterend genoeg zijn en (2) de cognitieve-linguïstische
vaardigheden van de lezer, zoals woordenschat en verbaal werkgeheugencapaciteit laag zijn.
Dove en slechthorende (DSH) leerlingen en leerlingen met een taalontwikkelingsstoornis
(TOS) ervaren over het algemeen vaak problemen met het begrijpend lezen. Dit hangt deels
samen met een relatief geringe woordenschat en werkgeheugenproblemen in vergelijking
met horende leerlingen zonder TOS. Het is echter niet duidelijk of deze leerlingen vervolgens
nog extra problemen ervaren met het begrijpen van hyperteksten. Daarom werd in dit
proefschrift het hypertekstbegrip van DSH leerlingen en leerlingen met TOS tussen de 12 en 15
jaar oud vergeleken met dat van zowel horende leerlingen zonder TOS van ongeveer hetzelfde
leesniveau (i.e., drie jaar jonger) als van horende leerlingen zonder TOS van ongeveer dezelfde
leeftijd. De volgende drie onderzoeksvragen stonden hierbij centraal:
1.	In welke mate spelen hypertekst structuur en de beschikbaarheid van een grafisch
overzicht een rol bij het hypertekstbegrip van DSH leerlingen en leerlingen met TOS, in
vergelijking met horende leerlingen zonder TOS?
2.	Wat is de rol van de voorkennis, woordenschat en de verbale en visuospatiële
werkgeheugencapaciteit van de leerling op het hypertekstbegrip?
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3.	In welke mate hebben DSH leerlingen en leerlingen met TOS qua leesgedrag en
tekstbegrip baat bij een interventie gericht op het gebruiken van het grafisch overzicht?
De rol van de kenmerken van de hypertekst
In het eerste deel van dit proefschrift is onderzocht in welke mate de hypertekst structuur en de
aanwezigheid van een grafisch overzicht gerelateerd zijn aan hypertekstbegrip. In hoofdstuk 2
namen zowel DSH leerlingen en leerlingen met TOS als horende leerlingen zonder TOS van
ongeveer hetzelfde leesniveau deel aan het onderzoek. Zij lazen zowel hiërarchisch gestructureerde
hyperteksten als lineaire teksten zonder hyperlinks en hebben hierover begripsvragen
beantwoord en een concept map getekend (i.e. mindmap met alleen woorden). De resultaten
lieten geen verschil in tekstbegrip zien tussen de hiërarchisch gestructureerde hyperteksten en
de lineaire teksten en dit gold voor alle drie de groepen leerlingen. Daarnaast bleek dat de DSH
leerlingen en leerlingen met TOS vergelijkbaar presteerden als de horende leerlingen zonder TOS.
Zij ondervonden dus geen extra moeilijkheden bij het lezen van hyperteksten.
In hoofdstuk 3 en 4 werden netwerk gestructureerde hyperteksten vergeleken met lineaire
teksten bij alleen horende leerlingen (hoofdstuk 3) en bij zowel DSH leerlingen en leerlingen
met TOS als een groep horende leerlingen zonder TOS van ongeveer hetzelfde leesniveau en
een groep horende leerlingen zonder TOS van ongeveer dezelfde leeftijd (hoofdstuk 4). Uit
deze studies bleek dat de netwerk gestructureerde hyperteksten wel een uitdaging vormen;
de leerlingen scoorden lager op de begripsvragen na het lezen van netwerk gestructureerde
hyperteksten dan na het lezen van lineaire teksten. In deze twee hoofdstukken werden tevens
teksten met en zonder een grafisch overzicht aangeboden. Hieruit bleek dat het negatieve
effect van de netwerk gestructureerde hypertekst verdween, zodra een grafisch overzicht werd
aangeboden; de leerlingen scoorden dan net zo goed op een lineaire tekst als op een hypertekst.
Wederom waren deze resultaten in alle drie de groepen zichtbaar. Wanneer de prestaties van
de DSH leerlingen en leerlingen met TOS werden vergeleken met de horende leerlingen zonder
TOS, bleek dat hun begrijpend leesniveau op hyperteksten vergelijkbaar was met leerlingen die
ongeveer hetzelfde offline leesniveau hebben. Echter, vergeleken met horende leeftijdsgenoten
zonder TOS scoorden ze lager. Het doet vermoeden dat de leerlingen met hoor- of taalproblemen
wel een achterstand hebben op leesgebied, maar dat hyperteksten geen extra uitdaging vormen.
De studies laten zien dat de kenmerken van een hypertekst (hiërarchisch versus netwerk
structuur en wel/geen grafisch overzicht) een belangrijke rol spelen bij het begrijpend lezen
ervan. Met name wanneer de lezer geen houvast heeft tijdens het lezen van een hypertekst,
wordt het een uitdaging om deze tekst goed te begrijpen. Juist een hiërarchisch gestructureerde
hypertekst of de aanwezigheid van een grafisch overzicht die de onderliggende structuur
expliciteert, kan de leerling helpen bij het volgen van een logische paginavolgorde hetgeen het
leesbegrip ten goede komt.
Het effect van de cognitieve-linguïstische vaardigheden
Naast de kenmerken van de hypertekst is ook onderzocht in welke mate de
cognitieve-linguïstische vaardigheden van de leerlingen zelf een rol spelen bij het begrijpend
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lezen van hyperteksten. In hoofdstuk 2, 3 en 4 zijn bij de leerlingen taken afgenomen die de
woordenschat en het verbaal en visuospatieel werkgeheugen meten. De resultaten wezen uit
dat de capaciteit van zowel het verbaal als het visuospatieel werkgeheugen van belang is om
teksten te begrijpen, ongeacht of het een lineaire tekst is of een hypertekst en ongeacht of er een
hoor- of taalprobleem aanwezig is of niet. Leerlingen met een grotere werkgeheugencapaciteit
scoorden hoger op tekstbegrip.
Ook de woordenschat bleek positief gerelateerd te zijn aan zowel lineair tekstbegrip als
netwerk gestructureerd hypertekstbegrip. Echter, het effect van de woordenschat was extra
belangrijk bij het lezen van het laatstgenoemde; met name de leerlingen met een geringere
woordenschat bleken moeite te hebben met het begrijpend lezen van netwerk gestructureerde
hyperteksten, terwijl leerlingen met een grotere woordenschat hier geen moeite mee hadden.
Deze leerlingen hadden tevens baat bij het gebruik van een grafisch overzicht bij een netwerk
gestructureerde hypertekst. Wederom geldt dit voor zowel de DSH leerlingen en leerlingen
met TOS als horende leerlingen zonder TOS.
De resultaten laten zien dat met name de mate van woordenschat van de leerlingen van
belang is bij het begrijpend lezen van netwerk gestructureerde hyperteksten, ongeacht of er
een hoor- of taalprobleem aanwezig is of niet. Leerlingen met een geringere woordenschat
hebben meer moeite om flexibel om te gaan met de vrijheid die deze hypertekst biedt. Zij
ervaren meer disoriëntatie en hebben meer cognitieve inspanning nodig om de tekst te lezen
en te begrijpen. Deze leerlingen kunnen beter uit de voeten met aangepaste hyperteksten.
Dat leerlingen met een grotere woordenschat geen problemen ervaren met netwerk
gestructureerde hyperteksten, doet vermoeden dat het hebben van veel woordkennis (en ook
kennis van de wereld) van groot belang is tijdens het lezen.
Het aanleren van grafisch overzicht gebruik
In de laatste studie van het proefschrift werd onderzocht of het aanleren van het gebruik van
een grafisch overzicht een faciliterend effect zou hebben op het leesgedrag en tekstbegrip van
netwerk gestructureerde hyperteksten. Hiervoor kregen zowel horende leerlingen als DSH
leerlingen en leerlingen met TOS drie leessessies waarin ze een hypertekst lazen en waarin hun
tekstbegrip werd gemeten. Van sommige leerlingen werd tijdens het lezen de oogbewegingen
gemeten, zodat ook het leesproces van de leerlingen in kaart kon worden gebracht. Tussen de
leessessies door kregen de leerlingen een interventieles van 40 minuten waarin ze werd geleerd
wat een grafisch overzicht was en hoe zij deze zouden kunnen inzetten tijdens het lezen van
hyperteksten. De vraag was of een dergelijke interventie het leesgedrag zou veranderen in die
zin dat leerlingen vaker en langer naar het grafisch overzicht kijken. Dit bleek inderdaad het
geval. Er vond echter geen transfer plaats naar het tekstbegrip. Anders gezegd: het tekstbegrip
nam niet toe als gevolg van de interventie. Het is mogelijk dat de interventie wel helpt het
kijkgedrag van de leerlingen te veranderen, maar dat er meer tijd nodig is om er daadwerkelijk
profijt van te hebben voor het tekstbegrip. Ook is het mogelijk dat andere factoren, zoals de
omvang van de woordenschat belangrijker zijn voor het tekstbegrip dan het kijkgedrag dat
met deze interventie werd beïnvloed. Dit zou toekomstig onderzoek moeten uitwijzen.
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Conclusies en implicaties voor de praktijk
Op basis van de resultaten in dit proefschrift kan geconcludeerd worden dat DSH leerlingen
en leerlingen met TOS in vergelijking met het lezen van lineaire teksten geen extra problemen
ondervinden bij het lezen van hyperteksten. Ook al is dit laatste op zichzelf een positief
resultaat, het blijft belangrijk om te benadrukken dat DSH leerlingen en leerlingen met TOS
nog steeds gemiddeld drie jaar achter lopen in hun leesbegrip en dat er dus sprake is van een
algemene achterstand in zowel hun offline als hun online leesvaardigheid. Met name voor
de leerlingen met een geringere woordenschat kan een netwerk gestructureerde hypertekst
problemen opleveren wanneer er geen grafisch overzicht beschikbaar is. Aangezien het
onderwijs steeds meer gebruik maakt van het internet en hyperteksten als informatiebron, zijn
er verschillende adviezen over hoe het begrijpend lezen van hyperteksten gestimuleerd kan
worden op zijn plaats.
Ten eerste blijkt dat de omvang van de woordenschat een essentiële factor is bij het
hypertekstbegrip. Een leerling die meer woorden kent, kan informatie uit verschillende
tekstdelen aan elkaar linken en integreren en betekenis van onbekende woorden uit de
omringende tekst afleiden. Om die reden is het lonend om in het onderwijs aan DSH leerlingen
en leerlingen met TOS (maar net zo goed aan horende leerlingen zonder TOS) de focus te leggen
op zowel de kwaliteit als de kwantiteit van de woordkennis. Passende woordenschatinstructie
is dus van groot belang.
Een tweede advies voor de praktijk is om de leerlingen stapsgewijs te laten oefenen met het
lezen en begrijpen van hyperteksten. Hoewel gestructureerde hyperteksten voor hen niet lastiger
zijn dan lineaire teksten en beiden goed gebruikt kunnen worden voor onderwijsdoeleinden,
bestaat het internet grotendeels uit netwerk gestructureerde hyperteksten. Geadviseerd
wordt om de leerlingen te laten starten met het lezen van gestructureerde, korte hyperteksten,
waarbij de relaties tussen pagina’s klassikaal worden besproken zowel tijdens als na het lezen.
Het gebruik van een grafisch overzicht kan hierbij ook helpend zijn. Door de onderliggende
structuur van de hyperteksten expliciet en zichtbaar te maken, kunnen de leerlingen hierop
voortbouwen en leren hoe ze verschillende concepten kunnen integreren in een duidelijk beeld
van waar de tekst over gaat, zodat het hypertekstbegrip wordt gefaciliteerd. Leerkrachten dienen
zich er hierbij van bewust te zijn dat ze de tijd moeten nemen om de leerlingen aan te leren
hoe zij hyperteksten kunnen lezen en ze de tijd geven om leesstrategieën te implementeren.
Langzaamaan de moeilijkheidsgraad verhogen door meer pagina’s toe te voegen en het
grafisch overzicht en de structuur te verwijderen, biedt de leerlingen de mogelijkheid om te
wennen aan de netwerk gestructureerde hyperteksten op het internet.
Als laatste is het van belang dat er in het onderwijs aan DSH leerlingen en leerlingen
met TOS wordt ingezet op hun sterke vaardigheden, terwijl aanpassingen worden gedaan om
aan de zwakke vaardigheden tegemoet te komen. Zo zijn er DSH leerlingen met een relatief
sterk visuospatieel werkgeheugen, terwijl de capaciteit van het verbaal werkgeheugen van
leerlingen met TOS beperkt is. Het kan voor de leerlingen met TOS dus een uitdaging zijn om
verschillende activiteiten op hetzelfde moment te doen en verschillende concepten in hun
hoofd te integreren. Expliciete en directe instructie met een beperkt aantal taken is voor hen
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aanbevolen. DSH leerlingen kunnen gebruik maken van visuele en spatiële hulpmiddelen
(mindmaps of belangrijke woorden in kleur) om hun leren te ondersteunen, ter verhoging van
de leeruitkomsten.
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