The

University
Of

Sheffield.

The relationship between domain-general cognitive skills and reading
comprehension in children

Fatbardha Qehaja Osmani

A thesis submitted in partial fulfilment of the requirements for the degree of
Doctor of Philosophy

The University of Sheffield
Faculty of Science
Department of Psychology

November 2020



Acknowledgements

I would like to express my sincere gratitude to my supervisor, Daniel Carroll, for the
continuous support of my PhD study, for his patience, persistence and immense knowledge.
Thank you for believing in me in the most difficult times of my PhD journey when I almost
ceased believing in myself. I hope that I could be as positive and enthusiastic as you are, and
to someday be able to mentor students as well as you can. I would also like to thank,
Elisabeth Chrysochoou, my supervisor from SEERC in Thessaloniki, for her support in the
first couple of years of my PhD research. I sincerely thank Dr. Andrew Simpson and Dr.
Emma Blakey, my viva examiners, for their very helpful comments and suggestions. My
special thanks go to the Ministry of Education, Science and Technology of Kosovo and to the
University of Sheffield, for selecting me as a grantee of the scholarship for my PhD studies.
This scholarship has been a great relief to me during my studies and I hope that with the
knowledge gained I will be able to contribute to the science in general and to my community

in particular.

There are a number of people who have contributed to this thesis, whose support I’d like to
acknowledge here. I’d like to thank Ermal Gashi, my field research assistant, for his
commitment and generous support during data collection. I appreciate all the support from
the Educational Directorate of the Municipality of Prishtina, and from the principals of the
following schools: “Afrim Gashi”, “The British School of Kosova”, ‘Shkolla Model”,
“Pjetér Bogdani”, “ Pavarsia”, and “Meto Bajraktari”. A very special thank goes to all the
children and their parents for willing to participate in my research studies. I should also
acknowledge the support of all translators and language experts who helped me in the process

of translation and adaptations of the experimental tasks.



My experience, as a Fulbright scholar at Haskins Laboratories, Yale University, has been a
golden opportunity for me, providing me with additional knowledge and experience in
experimental design and assessment. Therefore, I would like to thank Dr. Nicole Landi, for
inviting me to this journey, sharing her thoughts on reading comprehension but also making it

possible for me to present my work at the Language Fest, University of Connecticut.

I owe hugely to my dear parents, Ramadan and Nazmije Qehaja, who set me off on the road
to this PhD a long time ago. Thank you for showing me that great things can be achieved
only by hard work. I am sure that my utmost commitment and strong resilience are virtues

inherited from both of you.

There is also a special person I’d like to thank for his support in my thesis, my brother
Florian Qehaja. Thank you for spending hours and hours listening to me and trying to figure
out ways to help me succeed in this thesis. Thank you for making my PhD less painful by

sharing your PhD experience with me and for continuously feeding my confidence!

Finally, and most importantly, I dedicate this thesis to my husband, Arben and to my three
sons, Don, Lir and Nart. Thank you for all your love and support, without which I would
have stopped these studies a long time ago. This rather long and complex PhD project has
been difficult not only for me but for all five of us, and you have always been there to love

me and cheer me up. I am absolutely blessed to have all four of you in my life!



Abstract

The aim of this research was to better understand how reading comprehension happens in
children. In particular, the main objective was to examine, in detail, the relationship between
higher-level comprehension skills and domain-general cognitive skills at a crucial period of
development — the time when children are becoming independent readers (8 to 10 years of age).
The novelty of this research was that different from previous studies it i) looked at all five
higher-level comprehension skills separately and in their relationship to domain-general
cognitive skills; ii) examined domain-general cognitive skills simultaneously rather than in
isolation; iii) considered the moderating role of the lower-level comprehension skills in this
relationship; and iv) provided valuable insight on how reading comprehension is achieved in a
language with transparent orthography. The findings demonstrated that higher-level
comprehension skills are underpinned by working memory and executive functions in both age
groups of children, but their contribution to higher-level comprehension skills increased around
the age of 10. Furthermore, the results of this thesis showed that working memory and
executive functions significantly interacted with reading fluency in predicting higher-level
comprehension skills in both age groups, albeit in the younger group this interaction was
present only in necessary inference while in older group this interaction was present only in

literal comprehension and comprehension control.
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Chapter 1: The contribution of domain-general cognitive skills to reading
comprehension in children

1.1. General introduction

Reading is an important life-long skill that is required in many everyday tasks and
activities, such as studying for a university degree, enjoying a novel, or signing contracts.
Reading and comprehending written language is a complex and uniquely human activity (van
den Broek & Espin, 2012). It is essential to higher-level cognitive abilities such as learning,
problem-solving, reasoning and decision-making (McNamara & Magliano, 2009). Accurate
and precise reading comprehension is vital to educational achievement. As children progress
through primary school (e.g. 5-8 years old) towards middle school (9-12 years old) they will
frequently be required to read and understand many different kinds of texts. This means that
children must be skilled readers in order to be successful in school.

Reading comprehension is a complex process that, broadly speaking, comes about in
two successive stages. The first is acquiring decoding skill — that is, the ability to translate
words from their written form to their acoustic form by using letter-sound knowledge. The
second is understanding the author’s message (Oakhill & Garnham, 1988). Decoding skill is
important because it is the first step that a child takes during the reading process. It enables a
child to read the printed words in the text, which is a prerequisite to understanding the meaning
of the text. To understand the meaning of the text, a child must be able to link the words he/she
identified into whole sentences and paragraphs. By remembering and combining meanings of
different sentences and paragraphs of the text, the child extracts the message of the author.
Although both stages are important to reading comprehension, the second stage is particularly

crucial to the usual function of reading, as knowledge of decoding of individual words without



an extraction of a global meaning of the text would be insufficient to understand the meaning
of the text.

The focus of the present thesis will largely be on the second of these two core stages,
and will seek to investigate the psychological mechanisms that allow children to extract
meaning from written text. To extract the meaning from a written text, a child relies on the
interaction of three broad groups of cognitive processes. The first group involves higher-level
comprehension skills, which are responsible for extracting the information explicitly stated in
the text and integrate it with information from the child’s prior knowledge (Baker, 1989;
Barnes, & Bryant, 2001; Cain & Oakhill, 1999; Cain, Oakhill, van den Broek, 1989). The
second group involves lower-level comprehension skills, which enable the reader to accurately
and efficiently read words in the text and access their meaning. The third group comprises
domain-general cognitive skills which are involved in goal-directed processes and play an
important role in the operation of both higher-level and lower-level comprehension skills.

The present thesis focuses on five specific higher-level comprehension skills which
together enable a child to understand the text. More specifically, these skills are: /iteral
comprehension, which allows the reader to understand information that is explicitly described
in the text (e.g. Barnes, Dennis, & Kalvaitis, 1996; Silva & Cain, 2015); necessary inference,
which enables a reader to work out information implied by the text but not mentioned directly
by combining information presented explicitly in the text with the information from the
reader’s own background knowledge in order to understand the essence of a text (Oakhill, Cain,
& Elbro, 2014); elaborative inference which allow the reader to work out information that is
implicit and is not implied by the text and may not be necessary for comprehension of the
essence of the text, but which nevertheless enriches the mental model of the text (Block,
Rodgers, & Johnson, 2004; Oakhill & Garnham, 1988); simile comprehension which allows

the reader to understand figurative or other non-literal statements; and comprehension control,



which helps the reader to monitor his/her understanding of the text read, and to take steps to
address any errors or difficulties in comprehension that arise during the reading process
(Dunlosky & Metcalfe, 2009). These five higher-level comprehension skills will be discussed
in further detail later in this chapter.

Higher-level comprehension skills are known to depend on both lower-level
comprehension skills and the domain-general cognitive skills of a reader. Domain-general
cognitive skills, as their name implies, are essential for a wide range of cognitive processes.
Specifically, when it comes to reading comprehension, these skills play a crucial role in
allowing higher-level comprehension skills to be carried out successfully and reliably. The
most important domain-general skills for research in reading comprehension are working
memory and the group of cognitive skills known collectively as executive functions. This thesis
adopts the view of working memory as a multicomponent model, as defined by Baddeley and
Hitch, (1974). However, it also takes into account the executive functions model of Miyake,
Friedman, Emerson, Witzki, Howerter, & Wager (2000). It must be noted that the label
“working memory” is very often used to refer to one of the three components of Miyake’s
model; but this distinction will be explained further later in the chapter.

Working memory allows the reader to store and process information explicitly stated
in the text. It also provides the means that allow the reader to retrieve relevant information from
long-term memory. This way, working memory allows the reader to activate both explicitly
stated information and information from their background knowledge, so as to extract the
implicit meaning of the text. Executive functions are domain general cognitive skills which
chiefly serve to execute goal-directed behaviours (Miyake et al, 2000). A reader typically uses
executive functions to update text-relevant information stored in working memory with newly
encoded information (Palladino, Cornoldi, DeBeni, & Pazzagllia, 2001). They also allow the

reader to suppress information that is not necessary or helpful for their comprehension — for



example, information that was previously relevant but has since become irrelevant — as well as
allowing the reader to shift attention between perspectives — for example, between explicitly
stated information in the text and information they have from previous knowledge (Borella,
Carretti, Pelegrina, 2010; Cartwright, 2008; Christopher, Miyake, Keenan, Pennington,
DeFries, Wadsworth, Willcutt, & Olson, 2012; Guajardo & Cartwright, 2016).

In this thesis I was interested in better understanding how children achieve reading
comprehension, and in particular in understanding how individual differences in working
memory and executive functions can influence the performance of higher-level comprehension
skills (i.e. literal comprehension, necessary inference, elaborative inference, simile
comprehension and comprehension control). In subsequent sections of this chapter, I will
review the research looking at the development of each of these skills. However, to understand
how these skills contribute to reading comprehension, it’s first necessary to understand how
reading as a whole happens. Therefore, in the next section I will present an overview of the key

theoretical framework that underpins research in this area.



1.2. A theoretical framework for reading comprehension

One of the most influential theoretical frameworks to provide an integrated account of
reading comprehension is the Construction-Integration Model (Cl) (Kintsch, 1988, 1998). 1
have chosen this model as the overarching framework for the research reported in this thesis,
as it provides a comprehensive account of the processes involved in reading comprehension,
by which it allows us to understand how a reader accomplishes the task of reading
comprehension.

This model posits that reading comprehension has two distinct phases: the construction
phase and the integration phase. In order to read successfully, the reader progresses through
the construction phase first, followed by the integration phase. In the construction phase the
reader constructs two levels of comprehension: a) a surface level and b) a text-base level. First
the reader converts words from their written form to an acoustic form, and thus is able to
identify their meanings and the syntactic function that each word plays in a sentence. As a
result, by the end of the construction phase, the reader is able to identify the main ideas derived
from the words and sentences in the text. However, understanding at this point is relatively
shallow: at this stage, these ideas are not necessarily integrated or even connected with each
other. This represents the surface level of the construction phase. Second, when the reader starts
connecting ideas between different sentences and paragraphs he/she builds a text-base level,
which as its name implies is a representation level that requires comprehension of explicit
information of the text. However, this level of understanding may not always be sufficient; in
many instances, to achieve a full understanding of the text, a reader will need to integrate
information from the construction phase with additional information, either from their

background, or from earlier in the text.



In the integration phase, the reader deepens their understanding of the text, by integrating
the (relatively superficial) information they’ve just extracted from the text, into a broader narrative
context, known as a mental model for the text. The integration phase takes information explicitly
stated in the text and combines it with the reader’s existing knowledge — for example, the perception
that a reader has of a character in the text they’re reading. This process is known as inference
generation, and it enables the reader to create this representation of the situation described by the
text, which is a mental model for the text read. The mental model is the cognitive representation of
the situation which represents what the text is about (van Dijk & Kintsch, 1993). Thanks to their mental
model, the reader is able to understand why certain events happened in the story, by extracting
information from the surface level and text-base level and re-interpreting this information through

their own existing knowledge.



Kinstch’s CI model provides a rich and highly specified account of how reading comprehension
is achieved, by extracting basic information first, and then working to incorporate each piece
of new information successively into a coherent single model of the meaning of the text.
However, there is a further important theoretical perspective that needs to be taken into account
when seeking to explain specifically how reading comprehension is achieved. That perspective
concerns what standard of understanding a reader seeks to achieve when reading a text. The
Landscape Model (van den Broek, Young, & Linderholm. 1999) posits that in an attempt to
seek deep understanding from the text, readers must set a minimum threshold of
comprehension, also known as standard of coherence. According to this model, standard of
coherence refers to readers’ implicit and explicit criteria for comprehension. Thus, readers who
have a high standard of coherence will be more likely to focus on understanding the text at a
relatively deep level, by deploying more extensive cognitive resources to extract meaning from
the text. Conversely, readers with a low standard of coherence will likely focus on
understanding the text at a relatively shallow level, by deploying fewer cognitive resources to
construct a mental model for the text. Standard of coherence is a potentially highly important
aspect of the process of reading comprehension, as readers with different standards of
coherence could go about reading a single text in quite different ways, and using potentially
different domain-general cognitive skills to build their mental model of the text. Therefore,
while this thesis principally focuses on the CI model of Kintsch when seeking to explain how
reading comprehension occurs, it will also consider standard of coherence as a potentially

important explanatory factor.



To comprehend written text, readers will ultimately need to use their lower-level
comprehension skills as well as their higher-level comprehension skills. Lower-level
comprehension skills and higher-level comprehension skills are cognitive processes that
underpin reading comprehension (e.g., Fender, 2001; Grabe, 2009; Koda, 1992; Nassaji, 2003).
Lower-level comprehension skills refer to the reader’s ability to draw on knowledge at the
word level and sentence level, in order to decode or recognize printed words, and to access
their meanings. To understand a simple text, the reader must first retrieve the meanings of the
individual words, and then combine these words into phrases and sentences. By doing so he/she
will be able to build a representation in which specific word meanings and the syntactic form
of sentences are retained (Cain, 2009). This retention of word meanings and syntactic structure
are the first step that the reader takes in an attempt to understand the meaning of the text.
However, decoding words and identifying their meanings are not sufficient for a successful
comprehension of a written text: a number of studies have found that a child could have good
lower-level comprehension skills yet at the same time fail to make sense of a text he or she is
reading (Barnes, Huber, Johnston, & Dennis,2007; Oakhill, 1993). To fully extract the
meaning from the text, the reader will have to use his/her higher-level comprehension skills,
which allow him/her to use the knowledge gained at the word level (i.e. identifying the printed
words and accessing their meanings), and then to combine this knowledge across all sentences
and paragraphs of the text. Therefore, higher-level comprehension skills are crucial to the
construction of a coherent mental model for the text. An overview of the main skills involved
in word level, text based and mental model processing will be presented in the following

sections.



1.3. Lower-level comprehension skills

Lower-level comprehension skills are critical first components of reading
comprehension. They enable the reader to identify individual words accurately and efficiently,
as well as to understand the meanings of the words they read. Children with poor lower-level
comprehension skills will likely find it difficult to focus on the process of extracting the
meaning from the text read. These skills are the foundation blocks of all reading, and are
particularly important when children first learn to read — before the process of word recognition
has become more automatic and thus less effortful. In the first and second year of schooling
(typically, when children are 6 or 7 years old), these lower-level skills have been shown to have
a strong and direct impact on reading comprehension (Adlof, Catts, & Little, 2006; Perfetti,
1985).

There are three lower-level comprehension skills that are particularly crucial to reading
comprehension in children: word decoding, reading fluency and vocabulary knowledge. Word
recognition is the ability to read words correctly and effortlessly (Ehri, 2006). Reading fluency
refers to the ability to process words quickly and accurately (LaBerge & Samuels, 1974).
Vocabulary knowledge is the ability to understand the meaning of the words read. In the
following sections a detailed description of each of the lower-level comprehension skills will
be presented, along with current findings on their contribution to higher-level comprehension
skills.

1.3.1. Word decoding. Word decoding, or the ability to convert the written form of a
word into its acoustic form, is a vital first step in reading comprehension. This is mainly
achieved by looking at the printed word in the page, identifying the sound of each letter of the

word, breaking it into syllables and then converting all this into a phonological sound.



This skill is obviously essential to reading comprehension, since the basic ability to
accurately convert printed words into their phonological form is the first step on which all
subsequent comprehension is based. Word decoding is usually assessed with tasks that require
children to read isolated words one at a time by saying each word aloud. Word decoding
happens via one of two routes, one known as the non-lexical route and the other known as the
lexical route (Coltheart, Rastle, Perry, Langdon, & Ziegler, 2001). The non-lexical route is the
ability to translate letters and letter patterns into a phonological sound (Coltheart et al., 2001).
When encountering an unfamiliar word in the text, readers need to convert the letters of the
word into their corresponding sounds. But to do this, readers must first know how letters
typically symbolize sounds in words. Therefore, this type of word reading is more important
for beginning readers, because they know fewer words than more experienced readers, and
therefore spend more of their time reading words letter by letter (Kneopke, Richter, Isberner, -

Naummann, & Neeb, 2014).
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The second route, the lexical route, involves the automatic recognition of the whole
written word, without needing to rely on the rules about the order and combinations of letters
in the word. This is achieved by readers retrieving information about familiar words from their
memory. It is a more rapid and efficient way of recognizing a word than sounding a word out
letter by letter. Typically, when readers encounter words they have seen before, they use the
lexical route by directly mapping these form of words onto an existing mental representation
of the word form. Indeed, as children become more proficient at converting letters into sounds,
they use the lexical route more and more. Ehri (2005a) refers to this way of decoding words as
“sight word reading”, with the word sight indicating that mere sight of that word activates that
word in memory. The sight word reading, is considered to be the best way that enables the
reading to operate most efficiently (see Ehri, 2005). This because the ability to recognize words
by sight happens automatically, while converting letters into sounds is more effortful and

attention is shifted to this process until the word is successfully decoded.
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From a developmental point of view, a major part of reading development is the shift
in how children decode the written form of words, from the non-lexical route in which children
decode words letter by letter, to the lexical route recognizing words as whole units. However,
the extent to which readers adopt one or other means of word decoding can greatly vary
depending on the characteristics of the language involved - specifically, depending on the
orthographic depth of the language. Orthographic depth refers to the mapping of graphemes to
phonemes in a language — that is, whether the same letters always convert to the same sounds,
or whether one letter (or combination of letters) can be sounded out in multiple different ways.
Both word recognition routes, the lexical and the non-lexical, are affected by a language’s
orthographic depth. Languages which have a consistent conversion between graphemes and
phonemes are said to have transparent orthographies (e.g. Finish, Italian, Dutch, Albanian).
Languages which don’t have a consistent conversion between graphemes and phonemes are
said to have opaque orthography (e.g. English). Because the English language has an opaque
orthography, and therefore contains many inconsistencies and irregularities in how graphemes
are converted to phonemes, empirical findings show that decoding words via the non-lexical
route is more difficult in English than in other European languages such as German, French or
Spanish (e.g. Frith, Wimmer & Landerl, 1998; Goswami, Wombert, & de Barrera, 1998). That
is because in the English language, graphemes do not always correspond to a single phoneme
and as such requires from young readers and people learning to read to rely on orthographical
decoding, by memorizing spelling patterns in order to build up a lexicon of words that they can

access easily (Wimmer & Goswami, 1994).
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Both routes, lexical and non-lexical routes, play important roles in reading
comprehension in languages with transparent orthographies. For example, although lexical
word recognition was a stronger predictor of reading comprehension as compared to non-
lexical decoding in 8- and 9-year-old German-speaking children, the contribution of non-
lexical decoding was also substantial and did not decrease with age (Koneke, 2016). This shows
that although developing readers use the lexical route by retrieving words from their memory,
they still also make regular use of non-lexical routes (plausibly to confirm that grapho-
phonemic connections are correct). Koneke suggests that because of the high orthographical
transparency of German words, both younger and more experienced readers tend to draw on
both routes to decode words, plausibly because the non-lexical route is relatively effortless (see
also Righter et al., 2013; Tunmer & Chapman, 2012).

1.3.2. Reading fluency. Reading fluency refers to the ability to translate text from its
written form into its phonological equivalent, with speed and accuracy (Adams, 1990). It is
achieved when a reader effortlessly moves from processing one word to processing the next
word. To assess reading fluency tasks with isolated words are introduced to children in which
they are required to read each word one at a time as quickly as possible within 1 minute time.
Reading fluency is a reflection of word recognition accuracy, and is an important skill in
reading comprehension, particularly for younger children; decoding words is typically more
effortful for younger readers than older readers, since they recognise fewer words, and thus
rely more heavily on letter-by-letter decoding to read words. As such, the better a child’s
reading fluency, the less effort it takes him/her to extract meaning from a text, and the more
cognitive resources are available for other aspects of reading. Therefore, greater fluency means
that the child can read more efficiently, devoting fewer resources to lower-level reading
processes. As a result, better fluency means the child can focus more resources on higher-order

aspects of reading.
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The importance of reading fluency for comprehension is easy to see, as a range of
studies clearly show that fluency predicts reading comprehension at a range of ages. For
example, Cutting and Scarborough (2006) tested 7- to 15-year-old children to examine the
relationship between basic reading skills and reading comprehension. Additionally, they also
used a reading fluency task to investigate whether reading fluency mediated this relationship.
The authors observed that reading fluency mediated the relationship between word
recognition/decoding and reading comprehension, explaining an additional 6% of the variance
in reading comprehension. Similar findings were found in a study examining reading
comprehension in 9-year-old children, alongside a range of reading fluency tasks (Klauda &
Guthrie, 2008). In this study, children who demonstrated the highest performance in reading
comprehension also showed fast reading of isolated words. Reading fluency also predicts
reading comprehension between the age of 14 and 17 (Tilstra, McMaster, van den Broek,
Kendou, & Rapp, 2009). Therefore, reading fluency is an important lower-level comprehension
skill, enabling the reader to use resources efficiently in decoding words, and therefore to free

up additional cognitive resources for higher-level aspects of reading comprehension.
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Reading fluency develops more quickly in languages with transparent orthographies —
that is, languages with regular mapping between graphemes and phonemes (Seymour, Aro,
Erskine, 2003). Thus, learning to read words in English is more challenging than in other
languages with transparent orthographies (Ellis, Natsume, Stavropolou, Hoxhallari, van Daal,
Polyzoe, & Petalas, 2004). In support of this view, in a study comparing readers of Albanian
(a language with highly transparent orthography), Welsh (a language with transparent
orthography) and English (a language with opaque orthography), it was found that Albanian-
speaking children become skilled in reading fluency and accuracy earlier than Welsh- and
English-speaking children (Hoxhallari, van Daal, & Ellis, 2004). Similar findings showing that
reading fluency develops earlier in more transparent languages than in more opaque languages
were also observed in a cross-language comparison study (Seymour et al., 2003). In this study,
the authors examined reading fluency in 5- to 6-year-old children in 14 different European
languages. Their aim was to understand whether there are differences in reading accuracy and
efficiency between languages with different transparency of orthographies. In line with their
hypothesis, the study revealed that children reading in transparent orthographic languages
(Greek, Finnish, German, Italian, Spanish) developed their ability to read accurately and
efficiently earlier (by around the age of 6) than children who were acquiring reading in

orthographically less transparent languages (Danish, Portuguese and French).
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It is not entirely surprising that languages with consistent grapheme-phoneme
correspondences allow for more fluent reading than languages with less consistent ones. Based
on this, one might speculate that early readers of transparent orthographic languages may show
a stronger relationship between reading fluency and reading comprehension than readers of
less transparent languages. For example, Florit and Cain (2011) examined 4- to 5-year-old
children and 10- to 11-year-old children, who were learning to read in different languages
(including English, Dutch, Finnish, French, German, Greek, Italian, Norwegian and Spanish).
In transparent orthographic languages, reading fluency was more strongly predictive of reading
comprehension in 4- and 5-year-old children as compared to 10- and 11-year-old children.
However, in the English language, which has an opaque orthography, reading fluency
significantly predicted reading comprehension only in 10- to 11-year-old children. This was in
contrast to younger children, for whom reading comprehension was significantly predicted
only by decoding accuracy. This shows that for children of languages with transparent
orthographies, reading fluency becomes an important factor in reading comprehension early in
their first year of acquiring reading skills, which could be attributed to their early acquisition
of decoding accuracy skills. However, for children of languages with opaque orthographies,
because of a late development of decoding accuracy skills, their reading fluency skill becomes

an important factor in reading comprehension later in their childhood.
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Somewhat different findings have been observed in other studies examining this
relationship in languages with more transparent orthographies. Reading fluency did not
significantly predict reading comprehension in 6- to 10- year-old children from an Italian
sample (a language with a transparent orthography) (Tobia & Bonifacci, 2015). A similar lack
of relationship was also observed in 8- to 10-year-old Greek-speaking children (a language
with a transparent orthography) (Chrysochoou, Bablekou & Tsigilis, 2011). Therefore, future
studies examining the relationship between reading fluency and reading comprehension in
other languages with transparent orthographies could clarify this question.

As these studies show, reading fluency is an important lower-level contributor to
reading comprehension in children. The ability to read words quickly is essential in helping
children to convert words from their written form to their phonological form, and thus plays a
vital role in the first stage of reading. Unsurprisingly, therefore, reading fluency predicts
reading comprehension in children (Joshi & Aaron, 2000; Fuchs, Fuchs, & Maxwell, 1988;
Shinn, Good, Knutson, Tilly, & Collins, 1992). Moreover, reading fluency is affected by the
orthographic depth of languages. Because of the inconsistent findings in the relationship
between reading fluency and reading comprehension in children of different ages, it is
important to test this relationship further in other more transparent languages, to ensure greater

clarity on the precise contribution that reading fluency makes.
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1.3.3. Vocabulary knowledge. Vocabulary knowledge is the ability to access the
semantic meaning of a word when read. Unsurprisingly, it plays an important fundamental role
in reading comprehension, since understanding the meaning of words read is integral to
understanding the overall meaning of a text — and if a reader doesn’t understand the meaning
of the words they’re reading, then their overall comprehension of a text will fail. To assess
vocabulary knowledge children are usually presented with sets of pictures and are required to
listen to the words read aloud to them and point to the picture that matches the word.
Vocabulary knowledge has been shown to predict overall reading comprehension in early
readers. For example, Muter, Hulme, Snowling and Stevenson (2004) conducted a longitudinal
study of children in first two years of schooling (4- to 6- year - old children) and found that

vocabulary knowledge was the most significant predictor of reading comprehension.
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Vocabulary knowledge plays an important role in determining how fast readers are able
to retrieve the meaning of a word read. Knowledge about the meaning of the words is stored in
the reader’s mental lexicon and must be accessed quickly and accurately to allow readers use
the meaning of the words to understand the text. The mental lexicon is the storage facility in
long-term memory where the meaning of known words is stored. It is continuously updated
throughout life as new words are learned. Being able to access word meanings quickly and
efficiently is crucial for effective reading comprehension, as it allows a reader to save cognitive
resources for other more demanding comprehension skills. This view is perhaps best expressed
by Perfetti’s (2007) lexical quality hypothesis, which states that quick and efficient access to
word meanings will free up space in working memory, which can then be used for higher-level
comprehension skills. This is a further example of how lower-level reading skills are important
not merely in their own right, but as an integrated part of reading comprehension as a whole.
For good reading comprehension to be achieved, it is important that readers do not merely
understand the meaning of the words they read, but that they are also able to grasp that meaning
quickly and efficiently, so that limited cognitive resources are spared for more demanding
higher-level aspects of reading comprehension. Indeed, the speed of access to word meaning
is found to have a mediating role in the relationship between vocabulary knowledge and

reading comprehension (Cain, Oakhill & McCarthy, 2017).

19



The relation between vocabulary knowledge and reading comprehension is reciprocal.
While vocabulary knowledge contributes to comprehension by allowing the reader to easily
access the meaning of the words encountered, reading can contribute to vocabulary growth
(Chall, 1987; Nation, 2001). Obviously, the more texts a reader is exposed to, the greater the
likelihood that they will encounter new words, and thus increase their vocabulary (Cain &
Oakhill, 2011). But more broadly, a reader with rich vocabulary knowledge may also find
reading easier and more enjoyable than a comparable reader with poorer vocabulary, and may
thus create a more regular reading habit. This reading habit allows the reader to read more
frequently and also read a variety of texts which provide a good opportunity to learn new
vocabulary. This reciprocal relation between vocabulary knowledge and reading
comprehension has been referred to as the “Matthew Effect” (Stanovich, 1986), from the
Biblical story that describes the rich getting richer, and the poor getting poorer. According to
this view, the more children read, the more their vocabulary will grow. Empirical evidence also
supports the hypothesis that reading experience contributes to vocabulary knowledge (Cain &

Oakhill, 2011).
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Vocabulary’s role in reading comprehension becomes increasingly important after
children become proficient at word reading skills (Foorman, Koon, Petscher, Mitchell, &
Truckenmiller, 2015). For younger children (5- to 7-year-old children), who are still trying to
figure out the mapping between graphemes and phonemes, their word reading skill could play
a more important role in reading comprehension than vocabulary knowledge (Vellutino,
Tunmer, Jaccard, & Chen, 2007). Once they have become relatively fluent in word reading,
then vocabulary knowledge becomes a more important predictor of reading comprehension.
For example, Ouellette and Beer (2010) examined the role of vocabulary knowledge in 6- to
7- year- old children, and 11- to 12- year-old children, and found that while vocabulary
knowledge did not predict reading comprehension in the younger children, it significantly
predicted reading comprehension in the older children.

However, findings from languages with transparent orthographies show that vocabulary
knowledge predicts reading comprehension even in young children (6 to 7 years old).
Vocabulary knowledge significantly predicted reading comprehension in 6, 7 and 8§ year-old
Dutch speaking children (de Jong & van den Leij, 2002). A possible explanation for these
findings could be that in languages with transparent orthography, children attain high levels of
word recognition accuracy by the end of the first grade (i.e. between the age of 5 and 6) (see
de Jong & van den Leij, 2002), whereas children learning to read in an opaque orthography,
such as English, do not (Goswami, Gombert & de Barrera, 1998). Thus for children who are
good at word recognition by around 7 years old, vocabulary knowledge would have an
additional influence on the development of reading comprehension in the years to come. This
hypothesis could be further tested by studying languages with even more transparent

orthographies such as the Albanian language.
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1.3.4. Lower-level reading comprehension processes: A Summary. In sum, reading
comprehension depends heavily on lower-level comprehension skills such as word decoding,
reading fluency and vocabulary knowledge — since these are foundation-level skills, without
which higher levels of comprehension would not be possible. To be able to comprehend a text,
a child must first decode words presented in the text. This happens by one of two routes: either
through a non-lexical route, where words are decoded by following the grapheme-phoneme
correspondences of a language; or through a lexical route, where words are retrieved from the
reader’s mental lexicon and as a result an automatic recognition of the whole written word
happens. The lexical route is more applied in languages with an opaque orthography, such as
the English language, as the mapping between the graphemes and phonemes is inconsistent,
making it difficult for readers to rely mainly on phonological decoding. As a child’s word
recognition skills improve, he/she is better able to read not just accurately but also more
quickly. This improved efficiency, known as reading fluency, importantly allows readers to
save cognitive resources which can then be used for higher-level comprehension skills.
Vocabulary knowledge has an important role in reading comprehension, as it enables a child
to understand the meaning of the words read. Furthermore, readers with a rich vocabulary
knowledge tend to read more, and in this way learn new word meanings contributing to further
vocabulary growth.

But while all these single components are important, in most cases they will not be
sufficient for a full comprehension of a text. In order to fully understand a written text, the
reader must build on, and go beyond, these lower-level comprehension skills. The ability to
progress beyond the initial stages of reading involves usage of higher-level comprehension
skills, to take the basic information provided by lower-level comprehension skills, to construct
a full, rich representation of what the text is about. How this is achieved will be covered in the

following section.
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1.4. Higher-level comprehension skills

Higher-level comprehension skills are those skills that enable the understanding of the
concepts and ideas conveyed by the text (McMaster, & Espin, 2007; Rapp, van den Broek,
McMaster, Kendeou, & Espin, 2007). They are vital to the construction of the mental model of
a text, as they enable the reader to organize ideas and concepts contained in the sentences and
integrate them with the reader’s own prior knowledge.

While there are some differences in how researchers conceive of these higher-level
reading skills, for the purpose of this thesis, I focused on five core higher-level comprehension
skills: Literal comprehension (the ability to understand the explicitly stated information in the
text); Necessary Inferences (the ability to integrate information stated in the text with the
reader’s previous knowledge, in order to draw inferences that are necessary to understand the
meaning of the text); Elaborative Inferences (the ability to integrate information stated in the
text with information from the reader’s previous knowledge that is not implied by the content
of the text; Simile comprehension (the ability to understand figurative language in the text);
and Comprehension control (the ability to monitor, evaluate and maintain one’s own
understanding of the text). These five higher-level comprehension skills are vital to the

construction of the mental model of the text (Cain & Oakhill, 2007).
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These five higher-level comprehension skills work together using the basic information
generated by lower-level processes, in order to construct an accurate and precise mental model
of the text. Literal comprehension is essential to this construction, since understanding the basic
information explicitly stated in the text would be almost always expected from any reader. Both
necessary inferences and elaborative inferences are important, since every reader should be
able to combine the explicitly stated information in the text with their prior knowledge to
understand the implicit meaning of the text. These three higher-level comprehension skills are
crucial to the success of the reader’s construction of the mental model and are tapped in almost

all instances of reading.
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Written texts often contain information that cannot simply be processed literally — for
example, figurative statements, such as similes. Figurative language, in order to be accurately
understood, must be integrated with the reader’s prior knowledge of the world, so that the
reader can work out the intended non-literal meaning. The ability to comprehend similes is
typically called upon less frequently compared to other higher-level comprehension skills,
because figurative statements do not necessarily occur in all written texts — they may be
relatively common in narrative fiction, for example, but would be almost entirely absent from
technical writing. When texts contain similes or other non-literal language, then the ability to
interpret them correctly, and to avoid mistakes that might arise from an inappropriate literal
interpretation, will greatly aid the process of mental-model construction. Relatedly, an
important aspect of the construction of the mental model is the reader’s ability to continually
check that his/her own understanding of the text is correct, and that as the model is updated
with each new sentence read, it remains an accurate reflection of the meaning intended by the
author of the text. The ability to check the integrity and accuracy of the mental model as it is
developed is known as comprehension control, the fifth of the higher-level skills focused on in
this thesis. Taking actions to remedy inconsistencies found during reading and applying
different strategies to facilitate the comprehension construction process is crucial to mental

model construction.
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These higher-level comprehension skills work simultaneously and in concert, with the
aim of producing a coherent representation — or mental model — for the text. They are crucial
to understanding successes and failures of reading comprehension in childhood. However,
research to date has not looked at all higher-level skills equally, and some are much better
understood than others. Inference generation and literal comprehension have been studied
relatively widely, whereas simile comprehension and comprehension control have been less
studied, despite their obvious importance. The following section presents a summary of the

research base of each higher-level skill featured in this thesis.
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1.4.1 Literal comprehension. Literal comprehension is the ability to understand ideas
described in the text that can be interpreted in a semantically straightforward manner. It is a
central feature of reading comprehension which occurs in the textbase level (see Kintsch,
1989). Textbase level refers to the comprehension of the information extracted from the reading
of successive sentences in the text. To construct a textbase level, the reader does not need to
use his/her background knowledge, instead he/she uses only explicitly stated information in
the text and builds a literal comprehension for the text. For example, when considering how
one might go about reading a fictional story, the understanding of the text will be based on
interpreting information about the main characters, their motives, and the events that happen
in the text. As an example, we can consider the sentence “Ana invited her school friends to her
birthday party”. To understand the literal meaning of this sentence, the reader needs to
understand who the main characters are (Ana and her friends), and what is their main motive
(celebration of her birthday party). To measure literal comprehension, children are typically
asked questions that tap only the information that was explicitly stated in the text (for example,
identifying the main character’s name). Clearly, having a literal comprehension of a text is a
key basic requirement for following the author’s intent. Also, comprehension of these main
ideas stated in the text is important for any reader who aims to go beyond what was explicitly
stated in the text, in order to generate new ideas (in other words, to make inferences). Hence,
literal comprehension has been found to predict both inference generation (Barnes, Dennis, &

Kalvaitis, 1996), and also general measures of reading comprehension (Silva & Cain, 2015).
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The ability to comprehend the literal meaning of the text emerges by around 4 to 6 years
of age (Florit, Roch, & Levorato, 2011), and is first seen when children follow the meaning of
stories or texts that are read to them (rather than in texts they read for themselves). This means
that even before children start using their word reading skills, they are capable of understanding
the main ideas from the text read to them, or when asked to retell stories from picture books.
The ability to comprehend the literal meaning of the text was found to increase between 6 and
10 years of age (Yussen, Matthews, Buss, & Kane, 1980). This is consistent with the idea that
the more children read, the better they become at understanding the main ideas presented in the
text — in other words, the better their literal comprehension.

Literal comprehension has been shown to rely on lower-level comprehension skills
(Florit et al., 2011; Silva & Cain, 2015), at least in part because the fewer resources the child
has to devote to lower-level processes, the more resources they can devote to understanding
the meaning of the text (see Oakhill & Garnham, 1988). Vocabulary knowledge is known to
predict literal comprehension. For example, Silva and Cain (2015) assessed how far vocabulary
knowledge, grammar, and verbal working memory predicted literal comprehension in 4- to 6-
year-old children. They found that only vocabulary knowledge predicted literal
comprehension. These results are consistent with the idea that vocabulary knowledge is
fundamental to understanding even the explicitly stated information in the text. Comparable
results were obtained in a study by Florit et al., (2011), in which vocabulary knowledge played
an important role in explicit listening text comprehension in 4- and 6-year-olds. Furthermore,
vocabulary knowledge has also been found to mediate the relationship between working
memory and literal comprehension (Chrysochoou et al., 2011). Therefore, it is plausible that
the more word meanings children know, the better they can save their general cognitive

resources for understanding the main ideas explicitly stated in the text.
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There has been less research exploring the relationship between reading fluency and
literal comprehension. It has been suggested that reading fluency might help comprehension
by allowing more cognitive resources for higher-level comprehension skills (Shankweiler,
1999). To test this assumption, Chrysochoou and colleagues (2011) assessed the mediating role
of reading fluency in the relation between working memory and literal comprehension. They
found no mediating effect of reading fluency in this relationship. This finding indicates that
reading fluency, while important to reading comprehension more generally, does not directly
affect the way that working memory underpins the processing of explicitly stated information.

Since there is relatively little research that looks directly at the relationship between
lower-level comprehension skills and literal comprehension, future studies looking at the direct
relation between all three core lower-level comprehension skills (word decoding, reading
fluency and vocabulary knowledge) and literal comprehension would be valuable, as they
would provide a more comprehensive account of these skills’ possible relationships and

contributions to reading comprehension.
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1.4.1. Inference generation. “Inference” refers to information that is not explicitly
stated in the text, but which is implied, and must be worked out by the reader (Kintsch, 1998;
McNamara & Magliano, 2009). When it comes to understanding fully the meaning of a written
text, it’s often possible that a child will not be able to do this unless he/she is able to follow the
implied information as well as the literally stated information. The process of making
inferences is called inference generation, and researchers have tended to consider it as
involving two stages: the activation stage, and the integration stage (Kendou, 2015). The
activation stage involves the retrieval of background knowledge from the reader’s long-term
memory. Then, in the integration phase this information gets integrated with new information
presented during reading. Although these two stages can be independent from one another (for
example, information can be activated from long term memory but not integrated with the
present information), in reading comprehension these two stages of inference generation occur
in parallel (Kinstch, 1998).

Inference generation is a skill that emerges at around 4 years of age (Florit et al., 2011;
Hanon & Frias, 2012; Lepola, Lynch, Lakkonnen, Silven & Niemi, 2012), though this ability
continues to improve with age (Currie & Cain, 2015). Inference generation is heavily
dependent upon a reader’s general knowledge. Consequently, the development of inference
generation follows the developmental trajectory of knowledge acquisition (van den Broek et
al., 2005). To measure inference generation children are asked questions that require an

inference to be made after they have read the text.
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Inference generation has been classified by researchers into different types of
inferences. In this thesis I focused on two main types of inferences: those that are necessary
and those that are elaborative (Garnham, 1982). Necessary inferences are those that are
essential to understand the essence of a text, and which cannot be skipped without important
information being lost. Elaborative inferences are those that are not strictly necessary for the
construction of the mental model, but which can help to embellish or enrich the meaning of the

text (Oakhill et al., 2014).

1.4.2. Necessary inferences. Necessary inference is the ability of a reader to identify
key information not stated in the text, in order to understand the essence of a text (Oakhill,
Cain, & Elbro, 2014). Generating necessary inferences while reading requires the reader to fill
in a semantic gap — doing so is vital for creating a consistent and intelligible mental model of
a text. Such inferences can involve the integration of multiple pieces of information presented
separately within the text, or the association of information presented in the text with
information retrieved from the reader’s own long-term memory (Johnston, Barnes, &
Desrochers, 2008). Oakhill, Cain and Elbro (2014) offer a helpful illustrative example:
“Yasmine adored her new pet. Her little puppy was very cute and loveable”. In order to
understand the connection between these two sentences, the reader needs to infer that they refer
to the same thing, even though they use different labels: the little puppy was Yasmine’s new
pet. This is achieved by the reader first activating his/her general knowledge about pets to note
that puppies can be kept as pets, and then to integrate that information with the first sentence

(that Yasmine adored her little puppy).
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Necessary inferences are required both when the reader needs to bring together
information from different sentences in a paragraph or section, and when the reader attempts
to bring together information from different parts of a longer text (see Oakhill et al., 2014). In
the example of a new pet, in order for the reader to understand what sort of a pet is mentioned
in one sentence, it is necessary for him/her to link referents across sentences (see Oakhill, et
al., 2014). Without this ability, it would be difficult for a child to be able to build an
understanding of the text. Necessary inference also plays an important role on a larger scale,
for example in the setting of the story and character’s goals in a longer story. Thus in the
example with the puppy, if it were presented as part of a much longer story, the reader may
need to link this information with other information previously presented earlier in the story —
perhaps that it was Yasmine’s birthday, and that the puppy pet was a birthday present. In this
case, by drawing necessary inferences, a reader will be able to understand motives and specific
goals of the characters, and combine them to produce an overall coherent representation for the

text.
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1.4.4 Elaborative inferences. Elaborative inferences allow the reader to work out
information that may not be necessary for comprehension of the essence of the text, but which
nevertheless enriches the mental model of the text. The generation of such inferences can
contribute to the development of a personal, emotionally driven relationship with the text, and
can also facilitate its storage and recall (see Block, Rodgers, & Johnson, 2004; Oakhill &
Garnham, 1988). Elaborative inferences extend a reader’s understanding of the text, by
engaging with his/her wider knowledge of the world. These inferences can embellish a story,
by allowing a fuller description to be drawn from a text. However, elaborative inferences are
encoded less often than necessary inference (McKoon & Ratcliff, 1990; Perfetti, Landi, &
Oakhill, 2005;). In the example “Yasmine adored her new pet. Her little puppy was very cute
and loveable.”, it would be possible to draw elaborative inferences, such as that Yasmine has
had other pets before, because this was her new pet; or that the new pet may have had large
brown eyes, because it was described as a cute puppy (see Oakhill et al., 2014). Thus,
elaborative inferences typically draw more heavily on information external to the text than do
necessary inferences (Cain & Oakhill, 1999, Currie & Cain, 2015). The construction of the
mental model would not typically rely on these types of inferences, as their absence does not
hinder the reader’s ability to understand the meaning of the two sentences. However, the

presence of these types of inference to the mental model will enrich its representation.
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To better understand these types of inferences, it is helpful to look at the factors that
underlie them in the process of constructing the mental model of the text. Perhaps the most
important factor underpinning inference generation is the reader’s background knowledge.
Recall that the initial stage of inference generation involves activation of information from the
reader’s prior knowledge, which is then integrated with information presented during the
reading process. Clearly, then, background knowledge is a crucial element for the ability to
generate inferences: if a reader possesses only limited general knowledge for a particular story,
then he or she may struggle to understand the context of that story — for example, failing to
understand the motive and goals of the characters involved. As a consequence, a reader may
fail to draw an appropriate inference, and their understanding of the text will be impaired.

Inference generation is also dependent on lower-level comprehension skills. In general,
all lower-level comprehension skills contribute to inference generation, either directly or
indirectly (Currie & Cain, 2015; Lynch et al., 2008; Oakhill & Cain, 2012). Their contribution
is to help a reader to accurately and quickly read words presented in the text, as well as to
access the meaning of the words in the reader’s mental lexicon. However, to understand the
exact role of each of these skills in inference generation, it is helpful to draw a distinction

between these two specific types of inferences, i.e. necessary vs elaborative inferences.
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Necessary inferences are dependent on a reader’s vocabulary knowledge (see Oakhill
et al., 2014). For example, Currie and Cain (2015) assessed 6- to 10-year-old children on
measures of vocabulary knowledge, working memory, and story comprehension. In terms of
the ability to draw inferences from neighbouring sentences, vocabulary knowledge was a
significant predictor, and for younger children (6- and 8-year-olds) was a stronger predictor
than working memory. Moreover, vocabulary knowledge fully mediated the relationship
between working memory and reading comprehension in 6-year-old- children. For inferences
that required the reader to link ideas across different parts of the text, vocabulary knowledge
was again the strongest predictor of performance in all three groups of children (6-, 8- and 10-
year-old children). Moreover, vocabulary knowledge fully mediated the relationship between
working memory and reading comprehension. This shows that the knowledge of word
meanings is vital to drawing inferences. This contribution is evident not only in helping readers
understand the words they encounter, but also in optimising working memory by helping to
process information accurately and efficiently.

When it comes to elaborative inferences, in contrast, vocabulary knowledge is less
important. For example, in an attempt to understand the mediating role of vocabulary
knowledge in the relationship between working memory and elaborative inferences,
Chrysochoou and colleagues (2011) tested 8- and 9-year-old children. The study showed that
vocabulary knowledge only partially mediated the relationship between working memory and
elaborative inferences. This suggests that drawing elaborative inferences requires sufficient
memory resources to allow for integration of ideas from the text with background knowledge,
and that the availability of the capacity will depend on the efficiency of word meanings
retrieved from the reader’s mental lexicon. However, the ability to draw elaborative inferences,
which require integration of additional information to embellish comprehension, is not fully

dependent on the efficiency of word meanings retrieval.
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Less is known about the contribution of reading fluency to these two types of
inferences. Moreover, the two studies that have looked at the role of reading fluency to
inference generation have provided different findings. Klauda and Guthrie (2008) examined 8-
year-old children aiming to understand whether the relationship between reading fluency and
reading comprehension is mediated by inference generation and prior knowledge. A regression
analysis revealed that the relationship between reading fluency and reading comprehension was
partially mediated by inference generation and background knowledge, suggesting that the
better reading fluency is, the more cognitive resources are left for inference generation, which
in turn aids reading comprehension. In another study, Chrysochoou and colleagues (2011)
tested the mediating role of reading fluency in the relationship between the two types of
inferences (necessary and elaborative) and working memory in 8-year-old children. The
authors did not report any mediating effect of reading fluency in the relationship between
working memory and necessary and elaborative inference in these children. This finding is
somewhat surprising, considering that extracting meaning from the text is thought to be
hampered by poor reading fluency, because a bottleneck effect occurs in which there is
competition between higher-level and lower-level processes (Shankweiler, 1999). The limited
and incongruent findings in this area call for further investigation of the role that reading

fluency plays in higher-level comprehension skills.
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1.4.3. Simile comprehension. A simile is a figurative statement involving an explicit
comparison between two things, often using a hedge word such as “like” or “as” (e.g. ““You are
as brave as a lion”) (Shibata, Toyomura, Motoyama, Itoh, Kawabata, & Abe, 2012). Simile
comprehension is a skill that enables a reader to understand and interpret the meaning of a
simile, and stands as a general index of how well a reader can process and understand figurative
language. Although simile comprehension shares similarities with the ability to draw
inferences, it is considered by most reading researchers to be a distinct skill. Similes are similar
to metaphors, as they both draw on the similarity between objects or concepts to convey
meaning (Godbee & Porter, 2013). The main difference between similes and metaphor is that
similes make an explicit (rather than an implied) comparison, often using a marker word such
as “like”.

Similes are often used to help readers understand new concepts. For example, consider
the simile “The mind is like a computer.” To understand the intended meaning of this phrase,
the reader makes an interpretation about how these two initially disparate concepts share a
commonality — for example, the reader might infer that our minds can save lots of information
like computers do. So to understand what the mind does, the meaning of the word “computer”
provides a helpful comparison that aids understanding. Thus, through illuminating an
unfamiliar topic by using existing background knowledge, a text becomes easier to understand
(Xu, 2010). Therefore, similes enrich a text by relating new ideas to concepts already
understood by the reader. Simile comprehension develops in early childhood with children as
young as 4, and continues to develop throughout childhood and adolescence (Bernicot, Laval,

& Chaminaut, 2007; Happe, 1995).
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Simile comprehension is an effortful process. Because the words stated explicitly in a
simile are not meant to convey a literal meaning, the reader has to put more effort into
understanding them, compared to a simple non-figurative sentence. For example, the simile
“The mind is like a computer”, when introduced to 5- and 6-year-old children, would take more
effort to understand than a literal statement such as “The mind can store lots of information”.
To understand the simile, information from the sentence would have to be combined with
knowledge from children’s long-term memory in order for the child to be able to identify the
relevant feature of the comparator term (in this case, that computers are devices that can store
lots of information). To measure simile comprehension children are typically asked question
that require them to interpret the simile they have read in the text.

Simile comprehension is a skill that relies on working memory. To comprehend a
simile, the reader needs to hold in mind the information presented within the simile, and at the
same time search for and retrieve information drawn from his/her background knowledge. This
is not always straightforward. For example, with the simile “My work is like a prison”, the
reader’s first response will be to process this phrase literally. Then, once the reader notices that
the literal meaning is not sufficient, or does not match with what their mental model of the
wider text would lead them to expect, he /she goes beyond the literal meaning, by searching for
information from their own experience or background knowledge that would help to make
sense of the simile (Miller, 2012). Without the ability to temporarily store and integrate
different sources of information in working memory, the reader may fail to draw the correct

inference about the simile, and may proceed with an incomplete or incorrect model of the text.
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Simile comprehension is generally within the abilities of even poor readers (Cain et al.,
2001). Empirical findings suggest that children who are less skilled in reading comprehension
are not significantly impaired in their ability to interpret similes (Mashal & Kasirer, 2012).
Furthermore, typically developing 8- and 10-year-old readers performed better in simile
comprehension and literal comprehension than they did in inference generation and
comprehension control (Chrysochoou et al., 2011). However, it is clear that research into simile
comprehension is limited, and that further investigation of the cognitive processes involved in

simile comprehension would strengthen current knowledge.

1.4.4. Comprehension control. Comprehension control refers to the ability to
monitor, check and correct one’s own understanding of the text as it is being read.
Comprehension control helps the reader to build a successful mental model for the text, as it
allows him/her to identify any areas where the mental model is not coherent, or where it doesn’t
match up to new information presented in the text, and to then take actions to resolve any such
problems (e.g. Dunlosky & Metcalfe, 2008). A common way to measure the ability of the
reader to control his/her understanding of the text is by asking him/her questions which are
inconsistent with the essence of the story. To answer these questions, a reader must first be able
to monitor the content of the questions and compare it with his/her mental model for the text
read. Then, while checking for the inconsistencies between the question and the mental model
already constructed for the text, the reader will then try to fix the inconsistency by reacting to
the question with an answer that is consistent with his/her mental model for the text.

Comprehension control (sometimes also referred to as comprehension monitoring)
involves continually evaluating and revising information relating to the mental model of the

text, so that it is up-to-date and error-free. This constant evaluation allows readers to detect any
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inconsistencies in their understanding of the text that may arise. When such an inconsistency
is detected, readers are able to take appropriate measures to resolve it. These measures can
include speeding up or slowing down their reading, re-reading previous sections to check
understanding or to retrieve a specific piece of information, or even seeking information from
somewhere outside the current text, in order to provide some background information (Pressley
& Gaskins, 2006). Empirical evidence has shown that comprehension monitoring predicts
reading comprehension, by showing that children with high performance in reading
comprehension tasks are also good at monitoring their comprehension when they have to deal
with inconsistencies in a text (e.g. Ehrlich, Remond, & Tardieu, 1999; Oakhill, Hartt, &
Samols, 2005; Yuill & Oakhill, 1991).

The most common way to measure comprehension control is by asking children
questions after they have the read the text, which are incompatible with the gist of the story.
For example: if the story was about two children who spent a day on the beach and came back
home by bus, the children could be asked a question: Why did the children walk all the way
back home?. To answer this question correctly children must first realize that the content of the
question is inconsistent with the information provided in the text (that the children returned
home by bus) and remedy this inconsistency by explaining that — the children did not walk back
home but instead they returned home by bus.

Comprehension control can be seen in children prior to them learning to read (4- to 5-
year-olds), as it is a skill used to help them monitor whether or not stories they hear make sense
to them (Oakhill et al., 2014). This skill improves with age (Baker, 1984; Hacker, 1997). This
view has been also supported with the findings of a study examining 12- to 16-year-old children
in a set of comprehension monitoring and control tasks, where the author observed that the

ability to control comprehension increased with age and reading ability (Hacker, 1997).
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Comprehension control has been repeatedly found to improve comprehension (Baker
& Brown, 1984; Brown 1980; Hacker, 1997). For example, Cornoldi, DeBeni, & Pazzaglia,
(1996) longitudinally examined groups of poor readers and good readers of 11 years of age,
assessing their performance on language-related tasks (e.g. Reading comprehension, listening
comprehension, and word decoding), on working memory measures, and on metacognitive
tasks involving both monitoring and control. Poor readers were less able to control their
comprehension for the text read as compared to good readers, had poor comprehension control,
suggesting that poor comprehension control negatively impacted reading comprehension. The
authors also found that a reading comprehension failure generally implied a lower
metacognitive control on reading comprehension leading the authors to claim that
metacognitive skills and working memory are necessary prerequisites contributing in reading
comprehension. Therefore, there is a general consensus in reading comprehension research
that comprehension control is a metacognitive task considering that poor comprehenders have
difficulties realizing that they do not understand the text and fail to monitor the text. Similar
findings were reported in a study examining 9- to 13-year-old children on two different kinds
of reading-related tasks: one kind relating to basic text comprehension (e.g. identifying story
characters, events and facts) and one relating to more complex comprehension monitoring
abilities (e.g. recognizing words that were incongruent with the text meaning) (Meneghetti,
Carretti, & DeBeni, 2006). The “complex” comprehension tasks were better predictors of
overall reading comprehension performance than the basic comprehension tasks, suggesting
that metacognitive skills such as comprehension control are vital contributors to reading
comprehension.

There is, therefore, evidence to suggest that comprehension control is an important part
of children’s developing reading skills. However, due to the relative sparseness of empirical

work looking at comprehension control directly, there are still unanswered questions about how
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comprehension control is achieved, and about the possible contributory factors that influence
this higher level comprehension skill in children. As with inference generation, comprehension
control also relies on the reader’s ability to draw on his/her background knowledge. This
suggests that working memory may well play a supporting role in comprehension control.
Indeed, there is some evidence to support this view: a study measuring comprehension control
in 8- to 10-year-old children through a regression analysis found that the comprehension
control measure was very strongly related to working memory (Chrysochoou et al., 2011).
Furthermore, Chrysochoou and Bablekou (2010) examined comprehension control in oral
comprehension and its relationship with working memory in 5-, 7-, and 9-year-old- children.
The findings from this study showed that comprehension control was significantly predicted

by working memory in 5- and 7-year-old children’s oral comprehension.
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In the studies discussed above, after testing the mediating role of vocabulary knowledge
and reading fluency in the relationship between working memory and comprehension control,
results showed that neither vocabulary knowledge nor reading fluency mediated this
relationship. There are no other studies to my knowledge that have looked at the relationship
between working memory and other domain-general cognitive skills and comprehension
control. Neither are there any studies examining the potential contributory role of lower-level
comprehension skills to comprehension control in children. Thus to have a better understanding
of comprehension control and the supporting role that other cognitive processes may play, it

would be valuable to further examine this relationship in children.

1.4.5. The role of domain-general cognitive skills in reading comprehension.
Reading comprehension is a multi-stage process, whereby the reader builds a mental model of
a text through the concurrent deployment of a number of different cognitive processes. To
successfully construct a mental model for a text, the reader needs to coordinate a number of
complex cognitive activities, notably including higher-level comprehension skills. These
higher-level comprehension skills are themselves underpinned by a variety of domain-general
cognitive skills — that is, skills which are not specific to reading, but are used in virtually all
tasks requiring cognitive control. The most notable of these domain-general skills are working
memory as defined by Baddeley’s multicomponent model (2000) and executive functions as

defined by Miyake’s three-factor model (2000).
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The role of working memory in reading comprehension has been studied very
extensively, and has been shown to be one of the most important determinants in terms of
domain-general cognitive skills in explaining individual differences in reading comprehension
(Cain, 2006; Cain et al., 2004; Currie & Cain, 2014; Silva, & Cain, 2015). Its essential role in
reading comprehension is not surprising, since as we have already seen, working memory
enables the reader to store and manipulate information they encounter while reading a text (e.g.
DeBeni & Palladino, 2000; Sesma, Mahone Levine, Eason & Cutting, 2009). It also provides
crucial support for higher-level comprehension skills, by providing the means by which the
reader retrieves the information from their background knowledge, necessary, for example, in
drawing inferences about the meaning of the text.

Higher-level comprehension skills also rely on executive functions, which are
important cognitive skills that underpin planning and goal-directed activities (Kendeou et al.,
2014). The most influential model of executive function, Miyake’s three factor model, posits
that there are three core executive functions: updating, inhibition and cognitive flexibility
(Miyake et al., 2000). These three core executive functions have received less attention in
reading research than Baddeley’s working memory model, but nevertheless have emerged as
important contributors to reading comprehension (Cartwright, 2015). The potential roles
played by executive functions in reading comprehension are diverse, but include enabling the
reader to focus on relevant information by inhibiting less important or irrelevant information;
supporting the reader in updating information with newly read information; and shifting
attention between multiple aspects of a text while reading, for example shifting between their
own background knowledge and the information provided in text, or shifting between

processing of phonological and semantic information in the text (e.g. Georgiou & Das, 2018) .
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To recap: considering that executive functions are used in situations where we have to
carry out novel or difficult tasks, then their contribution to children’s reading comprehension,
which for many children is an effortful thing to do, is likely to be vital. In the following
sections, accounts of the development of working memory and each separate executive
function is provided, followed by a discussion on their contribution to reading comprehension

in childhood.

1.4.6. Working memory. Working memory is the ability to hold and manipulate
information in mind (Baddeley & Hitch, 1974). More specifically as it relates to reading, it is
the ability to store information while at the same time processing incoming information for use
in different cognitive tasks. Individual differences in working memory are known to predict
reading comprehension (Oakhill, Cain, & Bryant 2004a).

When it comes to reading comprehension, working memory plays two crucial roles in
the construction of the mental model. First, it provides the capacity to maintain and manipulate
information presented during reading (for example, the meaning of a sentence that has just been
read, which is then integrated with existing information about the text — see Cain, Oakhill, &
Elbro, 2014). Second, working memory plays a crucial role in the retrieval of information from
the reader’s background knowledge, stored in his/her long-term memory. This is mainly
achieved by allowing readers to access information already stored in long-term memory and
integrate it with the currently stored information. These two roles are fundamental to higher-
level comprehension skills such as inference generation, simile comprehension and
comprehension control. To understand how exactly working memory works to support reading
comprehension, it is informative to consider the most influential working memory model, that
of Baddeley and Hitch (1974), as this model has provided the theoretical framework for the

overwhelming majority of research into reading comprehension.
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According to Baddeley and Hitch’s model (1974), working memory is a limited
capacity system that comprises three distinct but interrelated components: the phonological
loop (PL), the visuospatial store (VS) and the central executive (CE). The phonological loop
(PL) is the component of working memory that enables the retention of auditory information
(which for most research in reading comprehension tends to refer to verbal information). Stored
information in the phonological loop can last only for a few seconds before it decays. This
decay can be countered through strategies such as rehearsal, which allows a person to refresh
the stored information, by retrieving and re-articulating the stored information (see Baddeley,
2003). The capacity of the phonological loop develops in a linear way from around the age of
4 years to adolescence (Gathercole, Pickering, Ambridge, & Wearing, 2004). It is known to
play an important role as children learn to read (Gathercole & Baddeley, 1993) — mainly by
enabling children to learn new words (through rehearsing and storing new words that they
encounter), as well as by providing the cognitive means by which words presented visually can
be converted to phonological forms.

The visuospatial sketchpad is responsible for the processing and storage of visual or
spatial information. It is thought to be limited in capacity, typically to about three or four
objects (Baddeley, 2003). The visuospatial sketchpad enables us to store and retrieve
information relating to the visual features of an object (such as form and colour), as well as to
its location (i.e. where in a space the object was located: Baddeley, 2007). The visuospatial
sketchpad develops in a linear way from around 6 years to adolescence (Gathercole et al.,

2004).
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The central executive is the component of the working memory system that controls
and regulates the flow of information between the separate parts of the system (Baddeley &
Logie, 1999). Its main role is to supervise the phonological loop and the visuospatial store by
allocating and coordinating necessary resources (Alloway et al., 2004). It also enables the
retrieval of information from long-term memory. In the following sections the role of working
memory in reading comprehension will be discussed.

Working memory, and in particular the central executive component, has been shown
to be strongly correlated with reading comprehension in children (Cain, 2006; Cain, Oakhill,
Cain & Elbro, 2014; Carreti, Borella, Cornoldi & DeBeni, 2009). The contribution of the
central executive to reading comprehension is twofold. It enables the reader to focus and switch
attention between the text details in memory while processing new text details as reading goes
on (Cain 2006; Christopher, et al., 2012). It also plays a significant role in activating
information retrieved from long-term memory. Indeed, many studies report that measures of
the central executive significantly predict reading comprehension in children (Oakhill, Hartt,
& Samols, 2005).

The central executive accounts for some of the individual differences in reading
between poor readers and better readers (Cain, 2006). In this study it was found that strong
readers and weak readers did not differ in their abilities to recall lists of digits, or of concrete
words, or of abstract words. However, they did differ in their performance on complex working
memory tasks (tasks which required them to supply final words in sentences, and to then recall
those words later). This suggests reading comprehension may be supported more by the ability
to manipulate information, rather than the ability to sfore information — consistent with the idea
that the central executive plays a more significant role in reading comprehension that either the

phonological loop or visuospatial store.
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The most commonly used tasks to measure the central executive are backward span
tasks. These tasks assess children’s ability to hold in mind information and manipulate that
information to produce some results. For example, the Backward Digit Span task requires
participants to recall a series of digits, in reverse order. This task requires storage and
processing of verbatim information that contains a minimal amount of syntactic and semantic
relations between items (Nouwens, Groen, & Verhoeven 2016). A task that taps into semantic
processing is the Listening Recall task. In this task the reader is presented verbally with
unrelated sentences, and is asked to first judge if sentences are semantically correct or not.
Once the reader has judged the veracity of the sentence, he /she is required to recall the final
word of the sentence/sentences presented (Daneman & Carpenter, 1980). Thus, when
examining the role of central executive to reading comprehension tasks, measures of Backward
Digits and Listening Recall are mainly used (Nouwens, et al., 2016).

Working memory is also vital to higher-level comprehension skills in children.
Working memory significantly predicts inference generation in preschool children (Silva &
Cain, 2015), primary school children (Cain & Oakhill, 1999) and middle school children (Cain
et al., 2004). With regard to different types of inference, most studies have looked at the
necessary inference only. For example, Currie and Cain (2015) reported a positive correlation
between working memory measures (including a Listening Recall task) and the ability to draw
necessary inferences in 6- 8- and 10-year-old children. Working memory also predicts
elaborative inferences (Chrysochoou et al., 2011). Therefore, working memory appears to
support reading comprehension not only by allowing readers to draw inferences that are
necessary for the construction of the mental model, but also by allowing them to draw

inferences that enrich and strengthen the mental model itself.
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Working memory has also been shown to support comprehension control. Children who
performed well on a Listening Recall task were better able to answer comprehension control
questions, compared to children who did poorly on the Listening Recall task (Chrysochoou et
al., 2011). The comprehension control items in this study asked questions that were inconsistent
with the basic meaning of stories. To succeed, children needed to be able to detect the
inconsistencies. The study suggests that the ability to detect and remedy inconsistencies
between the mental model and new information from the text relies on working memory
capacity.

However, not all aspects of higher-level reading comprehension are supported by
working memory. Working memory does not appear to predict literal comprehension in
children (Chrysochoou et al., 2011; Potocki, Sanchez, Ecalle, & Magnan, 2017). Examining
the contribution of working memory to literal comprehension in 10-year-old children, Potocki
and colleagues (2017) found that unlike inference generation, literal comprehension was not
predicted by working memory. Nor does working memory support simile comprehension
(Chrysochoou et al., 2011). These findings may not be all that surprising. With literal
comprehension, the key demand of processing of information presented explicitly in the text
may be relatively straightforward for most readers, not least as it does not particularly rely on
retrieving information from background knowledge. With simile comprehension, because this
requires resolving meaning within a single sentence — rather than throughout the entire text —

it could plausibly be that it does not specifically depend on working memory capacity.

49



It must be noted that most of the studies looking at the relationship between working
memory and reading comprehension were mostly correlational in design, leaving unanswered
questions about causes of this relationship. However, a recent study by Karbach, Strobach and
Schubert (2014) explored the benefits of working memory training in reading comprehension
to see whether adaptive WM training yielded larger training benefits than non-adaptive low-
level WM training in reading. The authors examined two groups of 8-year-old children, the so
called the control group and the training group, both of which were typically developing
children. The tasks in the training group were adaptive, that is task difficulty was adapted to
the individual level of performance. The control group went through an identical testing
procedure to the training group but training in their sessions was non-adaptive. The authors
found that there was a short-term transfer to reading abilities in the training group but not in
the control group, also participants showing the largest working memory training gains also
showed the largest transfer effects. Therefore, these findings provide strong evidence for the
effectiveness of working memory training in reading comprehension improvement in young
children.

However, to date there are no other studies looking at the relationship between working
memory and all five higher-level comprehension skills at once (literal comprehension,
necessary inferences, elaborative inferences, simile comprehension and comprehension
control). Differentiating between different types of higher-level comprehension skills, and
examining the role of different predictors to each of these skills simultaneously, would give us
a clearer picture of how and to what extent specific predictors contribute to each of these skills.
This simultaneous examination of higher-level comprehension skills would help us avoid any
overlapping between the contribution of specific predictors to these skills. Furthermore, such
findings would help practitioners to identify specific difficulties in reading comprehension and

provide support to poor readers.
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1.4.7. Executive functions: Updating. Updating, or the ability to monitor and update
information held in memory, is one of the three core executive functions proposed in Miyake’s
three-factor model (Miyake et al., 2000). Updating is important for many aspects of reading
comprehension. For example, when building a mental model for the text, readers need to
continuously integrate new incoming information from the existing text into the model
(Gueraud, Harmon, & Perachi, 2005). Thus, during reading the reader holds the text ideas in
mind to build the mental model for the text, and as the story unfolds he/she continues to add
new details and update the previously stored information in working memory. The ability to
hold and update information in mind develops very early, with infants of only 9 to 12 months
being able to update the content in their working memory (Diamond, 2007).

In this thesis, I focused on updating as one of the three distinct executive functions
proposed by the model of Miyake et al., (2000). According to this model, updating involves
efficiently revising the components of working memory — for example, as new and relevant
information becomes available on a task (Carretti, Cornoldi, De Beni, & Romano, 2005). Thus,
based on this framework, the main reason for looking at updating in addition to working
memory in this thesis was that updating is known to be an important ability for reading

comprehension.

51



Updating in children is commonly assessed using the N-back task (Schneider et al.,
2002). In this task, the child is presented with a long sequence of stimuli — typically presented
one at a time, at a rate of around one stimulus per second — and has to indicate when the current
stimulus matches the one that appeared N steps earlier in the sequence. In this way, the
participant is required to continuously update old information with new relevant information —
specifically, they need to keep track of what stimulus appeared N steps back in the sequence.
The N-back task has been used as a reliable measure of updating with children as young as 5
years of age (see Im-Bolter, Johnson, & Pascual-Leone, 2006; Whitely & Colozzo, 2013).
Updating has also been assessed in children using the Keep Track task (Yntema, 1963). In this
task, children are presented with a set of categories (e.g. animals, colours, countries, etc.). 15
words from all categories are presented sequentially in the screen. These words are exemplars
from the six possible categories, with 2-3 words from each category. The reader is required to
read the words and remember the most recent word presented for each of the target categories
and write them down at the end of the trial. Thus, they need to continuously update the most
recent word associated with each of the categories. The dependent variable is the proportion of

words that participant identified correctly.
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Updating is a predictor of several reading skills. First and foremost, it plays a
fundamental role in children’s reading comprehension (Cain, Oakhill, & Bryant, 2004; Engle,
Carullo, & Collins, 1991; Seigneuric, et al., 2000). For example, Carretti and colleagues (2005)
examined a group of poor and good readers between 8 and 11 years of age using a Verbal
Updating task. Poor readers were also found to be poor at updating information in working
memory. As the authors postulated, during a Reading Comprehension task readers must
continuously monitor the incoming information, and then update the contents of their memory
with newly encoded information. In a more recent study, Potocki and colleagues (2017) tested
the contribution of updating (as measured by an N-back task) to reading comprehension in 10-
year-old-children. They found that updating significantly predicted reading comprehension
(specifically inference making). These findings suggest that updating plays a vital role in

helping readers to update memory content to extract the implicit meaning from the text read.

Updating was also found to predict reading fluency (van den Sluis, de Joeng, & van den
Leij, 2007). Using three updating tasks (the Keep Track task, Letter memory task and Digit
Memory task) and a standardized task of Reading Fluency it was observed that updating was
positively related to reading fluency.. In a recent meta-analytic sample comprising 65 studies
with 8-year-old children, Ober, Brooks, Homer and Rindskopf (2020) found that updating was
significantly associated with decoding. These findings illustrate the important role of updating

in both lower-level reading processes (i.e. reading fluency) and in reading comprehension.
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To date, the predictive role of updating has been only tested in literal comprehension
and inference generation. When updating was tested in 10- and 11-year-old children in a
reading comprehension task including both literal comprehension and inference generation
questions, it was found to be a significant predictor (Iglesias-Sarmiento, & Rodriguez, 2015).
However, the reading comprehension task did not have differentiated questions which tapped
literal comprehension and inference generation and therefore one could hesitate to argue that
updating predicts both higher-level comprehension skills. A more recent study examined
updating in a reading comprehension task which differentiated questions tapping literal and
those tapping inferential skills in 11-year-old children (Potocki et al., 2017). The authors
observed that updating uniquely predicted inferential skills, suggesting that updating skill could
very well play a very important role in readers aiming to integrate information to draw

inference generation.

Taken together, empirical evidence shows that updating plays an important role in
children’s reading comprehension. However, it is still unclear whether updating is only
required in inference generation, or also in other higher-level comprehension skills such as
simile comprehension and comprehension control. Moreover, examining the contribution of
updating in two different types of inference (necessary and elaborative) would be important for

better understanding reading comprehension failures.
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1.4.8. Executive functions: Inhibition. Inhibition is the ability to suppress
information or responses that are in conflict with current task goals (Miyake et al., 2000). It is
thought to play an important role in reading comprehension by suppressing irrelevant
information, thus freeing up working memory capacity. Specifically, the construction of the
mental model relies on the two core stages, construction and integration, and inhibition plays
an important role in both. During the construction process — which involves mainly recall of
information explicitly stated in the text — a general understanding for the main ideas is
established, but this understanding lacks the full coherence necessary for the creation of the
mental model. However, in the integration stage, a rather more complex processing is involved,
that of activation of information from long-term memory, and the subsequent integration of
this information with information presented in the text. During this process, the reader will
attempt to suppress any inaccurate information, and allow the processing of relevant
information which enable a successful and coherent mental model. Thus inhibition supports
the reader to suppress these inaccurate constructions so that a coherent mental model can be
built (e.g. Gernsbacher & Faust, 1991).

Inhibition emerges by around 3 years of age (Hughes, 1998), when children begin to be
able to suppress task-inappropriate responses. Inhibition continues to develop up until around
the age of 10 years, with little or no further development in young adults (Levin et al., 1991).
A commonly used task to examine inhibition in children is the Eriksen Flanker task (Eriksen
& Eriksen, 1974). In this task participants have to select a central target stimulus that is flanked
by irrelevant stimuli (e.g. “LLALL”, where the central letter A is the target stimuli). The
participant will have to respond with a button press that matches the central, target stimuli, as
quickly as possible without sacrificing accuracy — and, crucially, while ignoring information

presented as flanker stimuli.
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There is a general consensus in the literature that inhibition should be treated as set of
attentional control processes rather than as a unitary mechanism (Borella et al., 2010).
Friedman and Miyake (2004) have proposed a taxonomy of inhibitory-related functions
comprising the following: “prepotent response inhibition,” which allows for the blocking of
prepotent responses that are automatically activated by a particular stimulus; “response to
distracter inhibition,” which enables the focusing of attention on relevant items by ignoring
simultaneously presented irrelevant items; “resistance to proactive interference (PI),” which
refers to the ability to inhibit the activation of no longer relevant items, and thus to decrease
memory-based intrusion errors. According to the authors, prepotent response inhibition and
response to distractor inhibition are responsible for suppressing irrelevant information coming
from the environment. Conversely, resistance to proactive interference is responsible for
suppressing irrelevant information coming from the contents of memory. Therefore, when
seeking to understand the contribution of inhibition to reading comprehension, it is important

to look at different inhibition-related functions rather than at a single indicator of inhibition.
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Inhibition is important to successful comprehension, as it allows readers to suppress
information that is not relevant to the construction of the mental model. Inhibition is required
when irrelevant ideas previously read in the text need to be suppressed — for example, when
new information makes previous ideas or assumptions in the model outdated (DeBeni &
Palladino, 2000; Kieffer, Vukovic, & Berry, 2013; Nation & Pimperton, 2010). For example,
inhibition predicted performance in reading comprehension in 9-year-old children (Kieffer et
al., 2013). In this study, inhibition was measured with an adapted version of the Stroop task
known as the Number/Quantity Stroop (see Bull & Scerif, 2001). The authors reported that
inhibition made a significant, small-to-moderate unique contribution to reading
comprehension. Moreover, this contribution was significant above and beyond word reading,
language comprehension and working memory. This is consistent with the idea that readers
who are able to inhibit irrelevant or no-longer relevant information, are also better at
constructing an accurate mental model of the text.

Inhibition is also used when activation of wrongly recalled words occurs (that is, words
that were previously read) and which have to be suppressed, known as intrusive words (Cain,
2006; DeBeni & Palladino, 2000). For example, if children are asked to read several lists of
words in succession, and to recall items of each list after a rehearsal-prevention task, they must
use their inhibition to suppress words that were presented in previous lists that were relevant
at an earlier moment of the task, but which have become irrelevant for the current task. DeBeni
and Palladino (2000) ran a longitudinal study comparing good readers and poor readers on a
test battery. The battery included standardized Reading Comprehension tests that involved
inferential questions. The authors found that children who made more intrusion errors, that is
recall of non-relevant words, also did worse in answering inferential questions in the reading

comprehension task.
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To test whether inhibition predicted inference generation, the same authors used a
“Memory of a Passage” task. This task required children to read a passage including both
information related to the main story, and information unrelated to the title of the passage. On
the first reading of the passage, readers were required to focus on information related to the
title of the passage, and on the second reading readers were asked to underline this information.
At the end of this phase, readers were asked to recall all the units of information presented in
the passage (regardless of their relatedness to the title of the passage). Poor readers recalled
more passage-irrelevant information than good readers. These findings are consistent with the
idea that inhibition plays an important role in preserving cognitive resources to help with
reading, most likely used when irrelevant words or irrelevant information need to be
suppressed.

Inhibition has also been shown to support reading comprehension by playing a specific
role in inference generation. Potocki and colleagues (2017) tested 11-year-old children with a
reading comprehension task including questions tapping literal comprehension and inference
generation. They also assessed inhibition using the Stroop task. The findings revealed that
inhibition predicted unique variance in inference generation, after controlling for word reading
and vocabulary skills. This means that children who performed well in the Stroop task were
also good at generating inferences about the text. However, inhibition did not predict any
unique variance in literal comprehension. This indicates, perhaps unsurprisingly, that recalling
of information explicitly stated in the text does not require significant contributions from
inhibition, and that inhibition plays a specific but not universal general role in supporting

reading comprehension.
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Taken together, these findings suggest that inhibition provides support for reading
comprehension in a variety of ways. Inhibition allows readers to block irrelevant information
from being reactivated as readers attempt to retrieve relevant information necessary for
drawing inferences (e.g. Borella, Carretti, Pelegrina, 2010; Nation & Pimperton, 2010).

While much is known about how inhibition contributes to reading comprehension, a
number of issues still remain unaddressed. For example, while inhibition is known to play a
role in inference generation, it remains unclear whether inhibition predicts children’s
performance in drawing different types of inferences (i.e. necessary inferences vs elaborative
inferences). While we do know that inhibition predicts inference generation, independent of
the contribution played by lower-level skills such as word reading, we don’t know if this

relationship is independent of reading fluency and vocabulary knowledge.

1.4.9. Executive functions: Cognitive flexibility. Cognitive flexibility describes the
ability to adapt our thoughts and behaviour in response to changes in our goals or our
environment (Blakey, Visser, & Carroll, 2016). It is plausible to think that cognitive flexibility
may be important to reading comprehension, as it enables the reader to consider a number of
different ideas or perspectives at one time, and to actively switch between them. This may be
important when the reader attempts to construct a coherent meaning of the text — for example,
if the reader knows information that a character in the story does not, the reader would need to
be able to maintain both their own perspective on a situation and the character’s perspective.
To be able to switch from one perspective to another, cognitive flexibility may well play a

crucial supporting role (see also Cartwright, 2015).
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Cognitive flexibility is thought to be underpinned by the other two executive functions,
working memory and inhibition, and emerges later in development (Davidson, Amso,
Anderson, & Diamond, 2006). One of the tasks used to measure cognitive flexibility is the
Switching, Inhibition, and Flexibility Task (SWIFT: FitzGibbon, Cragg, & Carroll, 2014). In
this task children are required to match colourful stimuli, first according to one dimension (e.g.
shape) and then according to another dimension (e.g. colour). The key requirement of the task
is to switch from one rule to another.

The idea that cognitive flexibility plays an important role in reading comprehension is
consistent with existing studies — though research into this role is relatively limited. For
example, cognitive flexibility uniquely predicted 2.7% of reading ability in 10- and 11-year-
old children (Latzman, Elkovitch, Young, & Clark, 2010; van der Sluis et al., 2007;). In a
longitudinal study with children (3- to 5-year-olds, tested until they were 6- to 9-year-olds),
Guajardo and Cartwright (2016) found that cognitive flexibility was a unique predictor of
reading comprehension, accounting for 14% of the variance in reading comprehension beyond
the predictors of age, vocabulary, decoding, and proxies for socioeconomic status. The authors
suggested that cognitive flexibility allows readers to consider multiple aspects of a story

concurrently, and also to construct coherent mental models of stories read.
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Cognitive flexibility may also support reading comprehension via a less direct route,
by supporting lower-level comprehension skills. Kieffer and colleagues (2013) examined the
contribution of cognitive flexibility to reading comprehension among a sample of 9-year-old
children aiming to find if cognitive flexibility makes a direct contribution to reading
comprehension, or if it has an indirect contribution through language comprehension.
Cognitive flexibility demonstrated a unique direct prediction to reading comprehension, but
also an indirect association with reading comprehension through language comprehension.
Kieffer and colleagues (2013) suggested that this mediating effect of language comprehension
in association between cognitive flexibility and reading comprehension is important, as it
shows that cognitive flexibility could play a role in real-time processing of oral language and
in the development of the sophisticated oral language skills necessary for reading fourth-grade

texts.
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While cognitive flexibility appears to be important for reading comprehension in a
relatively general way, it remains an understudied aspect of domain-general processing. It is
not yet known to what extent cognitive flexibility contributes to different types of higher-level
comprehension skills. To my knowledge, cognitive flexibility has only been examined in
relation to two out of five higher-level comprehension skills: literal comprehension and
inference generation. Cognitive flexibility (as measured by the Trail Making Task) did not
explain literal comprehension nor inferential skills in 10- and 11-year-old- children (Potocki et
al., 2017). Moreover, cognitive flexibility explained no significant part of the variance in word
decoding skills. It should be noted that in this study, the Trail Making Task was used; this task
assesses the ability to combine and coordinate all executive functions together; as such, the role
of cognitive flexibility might have been masked by other skills such as working memory or
inhibition. However, the authors ran a second study testing less skilled readers from 8§ to 15
years of age, examining cognitive flexibility with the Animal Sorting subtest from the NEPSY
IT (Korkman , Kirk & Kemp, 2007). The findings showed that less skilled readers had poorer
cognitive flexibility than more skilled readers.

Based on the limited available evidence, there is a good reason to believe that cognitive
flexibility plays a role in reading comprehension in children. Existing empirical evidence
indicates that children who have poor cognitive flexibility perform worse at reading
comprehension (e.g. Cartwright, 2002; 2015, Latzman, et al., 2010; Potocki, et al., 2017).
However, future studies looking at specific role of cognitive flexibility to each higher-level

comprehension skill would strengthen the current understanding of this relationship.
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1.5. Aims of the research

This thesis had two principal aims. Firstly, it sought to investigate reading
comprehension in developing readers, specifically focusing on the roles played by domain-
general cognitive skills to children’s higher-level comprehension skills. While these skills have
a protracted developmental trajectory, this thesis focuses on a particularly crucial time of
development, when children are becoming independent readers (8- and 10-year-old children).
For the purpose of this study, independent readers are considered children who can read and
comprehend text on their own, without the support of adults. Secondly, it sought to understand
whether the relationships between domain-general cognitive skills and higher-level reading
comprehension skills were moderated by lower-level comprehension skills. These aims will be
addressed by focusing on a language with highly transparent orthography (the Albanian
language).

The following chapters report empirical work conducted to address these dual aims.
Chapter Two reports a preliminary battery study that was conducted with the main objective
being to establish suitable reading comprehension tasks for use in Albanian. In this attempt it
involved two main steps. The first step was to adapt relevant tasks used in other languages, and
to translate them in the Albanian language. These tasks included a vocabulary knowledge task;
a reading fluency task; a working memory task; a resistance to proactive interference task; and
a reading comprehension task. The second step was to pilot test and adapt the novel tasks to

ensure that they were all suitable for use with Albanian children.
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Chapter Three reports the main empirical study of the thesis. This study sought to better
explain how reading comprehension happens in 8- and 10-year-old children. More specifically
it sought to answer the two research questions of this thesis: a) what is the relationship between
domain-general cognitive skills and the five higher-level comprehension skills at a crucial time
of development, when children are becoming independent readers; and b) is the relationship
between domain-general cognitive skills and higher-level comprehension skills moderated by
lower-level comprehension skills? To do this, an extensive test battery was designed, to assess
(a) reading comprehension, including the five different higher-level comprehension skills of
interest to this thesis; (b) domain-general cognitive skills (i.e. working memory and executive
functions); and (c) lower-level comprehension skills (specifically reading fluency and
vocabulary knowledge).

To better understand how reading comprehension happens, this thesis looks at the
moderating role of the lower-level comprehension skills in the relationship between domain-
general cognitive skills and higher-level comprehension skills. This is important because it can
shed light on any potential interactions between lower-level comprehension skills and
executive functions in predicting specific aspects of reading comprehension.

To look at the developmental aspect of the relationship between domain-general
cognitive skills and higher-level comprehension skills, the studies reported in this thesis were
conducted with two age groups, 8-year-old and 10-year-old children. These two age groups
were selected because they span a particularly important time for the area of reading
comprehension. At this age, children become independent readers and can read texts without

the help of adults.
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Albanian-speaking children were chosen for this study because Albanian is a
transparent orthographic language, that is it has a highly regular mapping between graphemes
and phonemes. Albanian as a language of the Indo-European family of languages, has a Latin
alphabet comprising 36 letters (7 vowels and 29 consonants). Each letter in the Albanian
language highly corresponds with its sound regardless of the combination of letters in syllables.
However, despite its highly transparent orthography, Albanian has a complex syntax. It has a
three-gender system and five cases (nominative, accusative, dative, genitive and ablative).
Albanian is also characterized with several compound past tenses, the future tense, the present
progressive, and the past passive. Another noticeable feature of the Albanian language is its
division into two dialects; the Tosk and the Gheg. Gheg is a dialect mostly spoken in Kosovo
while Tosk is a dialect mostly spoken in Albania. The most notable difference between the two
dialects is their phonological variation, with the Gheg dialects having nasal vowels while Tosk
does not. In Kosovo the standard Albanian language is based on Tosk dialect but it also
preserves some Gheg features. Therefore, although it is one language spoken and used in both
countries when examining participants in this language the issue of dialect must be taken into

consideration.
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Testing children in this language would bring important insights in understanding
reading comprehension, because interrelations between domain-general skills and reading
specific skills may differ in orthographically transparent languages, compared to most existing
research which has been done in orthographically opaque languages. More importantly, the
construct of reading comprehension, and its relationship with other cognitive skills, hasn’t been
sufficiently examined in the Albanian language. Especially considering the fact that Albanian-
speaking children’s score average in reading (353) as tested by the Programme for International
Student Assessment (PISA) in 2018 and 2019 was way below the OECD average (487). This
under-achievement calls for closer investigation of the factors impacting reading
comprehension. Therefore, the Albanian language was chosen for this study due to its highly-

transparent orthography but also to the research gap in reading construct in this language.
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Chapter 2: Adapting cognitive measures to test reading comprehension in Albanian-
speaking children.

2.1 Introduction

This chapter reports an experimental study that had the principle aim of coming up with
suitable measures for testing reading comprehension and broader cognitive skills in Albanian-
speaking children. It achieves this principally by adapting and translating into Albanian reading
comprehension measures previously used in other languages.

The majority of research into reading comprehension has focused mainly on the English
language. English is a language that has an opaque orthography — in which new readers,
therefore, have to cope with particularly challenging rules around grapheme-phoneme
correspondence. Learning to read in a language with irregular spelling rules is challenging, but
this challenge is not universal — readers in languages with transparent orthographies are
generally able to avoid it, and can focus all their cognitive resources on meeting the other
challenges around reading. How this affects the other cognitive processes involved in reading
is not entirely clear, since so much of what we know about reading comprehension is based on
research with children whose language has an opaque orthography. To address this gap in our
knowledge, this thesis sought to examine reading comprehension in a language with a
transparent orthography. Albanian was chosen for this purpose as it has highly regular
grapheme-phoneme mapping. However, because there has been very little research into reading
comprehension in Albanian — or indeed, into cognition more broadly — there were very few
available measures in Albanian. Thus, it was an imperative first step to develop suitable
measures for use with Albanian children. The experiment reported in this chapter aimed to

adapt a range of existing cognitive measures from other languages into Albanian. This is a
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necessary preliminary step prior to conducting the major experiment of this thesis reported in
Chapter 3. In the next section I discuss 1) the background idea of examining the two research
questions of this thesis in the Albanian language and ii) the need to first adapt the experimental

measures (study one) which then were used in the main study (study 2).

2.1.1. Reading comprehension and orthographic transparency

To ensure a successful construction of a coherent mental model for the text, readers
have to rely on the execution and integration of many cognitive skills (Cain, Oakhill & Bryant,
2004; Kendeou, et al., 2014; van den Broek & Espin, 2012;). In particular, readers must rely
on their domain-general cognitive skills to successfully process the information that is needed
to construct the mental model. However, recent research has identified that the orthographic
depth of a language can potentially affect the way in which domain-general cognitive processes
support reading comprehension (e.g. Ehri, 2014). In particular, there is a significant difference
in the rate of word recognition between languages with transparent orthographies compared to
those with opaque orthographies, with word recognition much more rapid in languages with
transparent orthographies (Ziegler & Goswami, 2005). This research demonstrates that the rate
at which written words are read can affect other cognitive skills, since because readers spend
less effort in reading words, they have more cognitive resources available to devote to the later
stages of reading comprehension, and may therefore be better able to construct a robust mental
model for the text. Nevertheless, the majority of the studies examining the role of domain-
general cognitive processes in reading comprehension has been conducted in English, which
has an opaque orthography. To determine whether or not findings based on reading

comprehension in English can be generalised across other languages, there is a need to address
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that question looking at reading comprehension in children in a language with a transparent
orthography.

Albanian is an excellent example of a language with a transparent orthography, and as
such is ideal for this purpose. However, there are very few established measures of reading
comprehension or of general cognitive processes suitable for use with Albanian-speaking
children. Therefore, in order to test the two main research questions of this thesis - “What is
the relationship between domain-general cognitive skills and higher-level reading
comprehension skills at the time when children are becoming independent readers?” and “Is
the relationship between domain-general cognitive skills and higher-level reading
comprehension skills moderated by lower-level comprehension skills?”” — it was necessary to
develop or adapt suitable tasks. Thus, the main aim of the study reported in this chapter was to
establish suitable tasks for use in Albanian. To achieve this, there were two main steps: first,
to identify, adapt and translate into Albanian relevant existing tasks in other languages; and
second, to run a pilot study to check the appropriateness of the adapted tasks.

Due to its multifaceted nature, reading comprehension requires complex
methodological assessment. In particular, to test the research questions of this thesis, it was
necessary to use tasks measuring cognitive skills across the following three categories: Lower-
level comprehension skills, higher-level comprehension skills, and domain-general cognitive
skills. However, only a few tasks measuring these skills were available in Albanian and
therefore I adapted tasks used in other languages.

There were two lower-level comprehension skills to be assessed: vocabulary
knowledge and reading fluency. For the vocabulary knowledge task, I adapted the British
Picture Vocabulary Scale I1I task (BPVS: Dunn, Dunn, Styles, & Sewell, 2009). The adaptation
of the task was made by translating all items from English into Albanian. For the reading

fluency task, a Reading Fluency task previously adapted for use with Albanian-speaking

69



children was used (Ellis et al., 2004). Although this task was already adapted for use in
Albanian, potential dialect differences meant that it was considered necessary to pilot test the
adapted version with Albanian-speaking children in Kosovo. (The reason for this was that
although Albanian is spoken in both Albania and Kosovo, there are some language differences
between the two countries. These differences are mainly related to the dialects: the Tosk dialect
is used by the majority of the population in Albania, while the Gheg dialect is used by the
population in Kosovo. Thus, to ensure that this task was suitable for use with Albanian-
speaking children in Kosovo, it was necessary to test the task first and identify if further
adaptation was necessary.)

To examine higher-level comprehension skills, a Reading Comprehension task
consisting of written texts was required. For this purpose, a task initially developed by Oakhill
(1984), and further refined by Cain and Oakhill (1999), was used. This task involved 5 short
stories to be read by children, each followed by questions tapping the five higher-level
comprehension skills of interest to this thesis (literal comprehension, necessary inference,
elaborative inference, simile comprehension and comprehension control). This task had already
been adapted for use with Greek-speaking populations by Chrysochoou (2006) (see also
Chrysochoou & Bablekou, 2011; Chrysochoou, Bablekou, Kazi, & Tsigilis, 2017). This Greek-
adapted version of the task was most readily available, and served as the basis for the task
adapted into Albanian.

To test domain-general cognitive skills, an extensive test battery was designed (to be
described fully in the next chapter). Of the tasks included in this test battery, only two tasks
were particularly language-dependent, and therefore had to be adapted and translated in
Albanian. The first task was the Listening Recall task, which is used to test verbal working
memory. This task was adapted from the original English-language version of the task

(Pickering & Gathercole, 2001). The second task was the Resistance to Proactive Interference
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Task (PI). This task measures children’s ability to inhibit no-longer relevant information. The
task was adapted from the original English-language version of the task (Borella et al., 2010).

Working memory is the ability to hold and manipulate information in mind (Baddeley
& Hitch, 1974). More specifically as it relates to reading, it is the ability to store information
while at the same time processing incoming information for use in different cognitive tasks.
Individual differences in working memory are known to predict reading comprehension

(Oakhill, Cain, & Bryant 2004a).

2.1.1. Adaptation and translation of tasks. The goal in the adaptation and translation
process was to maintain equivalence, as far as possible, between the measures in the original
version and the adapted version. Equivalence between the two versions was judged based on
four main steps: a) finding equivalent words and phrases; b) making sure the essential meaning
was not lost; c¢) ensuring that the difficulty level of individual items was comparable across
both versions of the task; and d) ensuring that all task items were culturally appropriate and
familiar to the children. To complete these steps, the adaptation process involved three stages:
1) translation of the tasks from their original language into Albanian; ii) equating the level of
difficulty across both versions of the task; and iii) ensuring that all task items were culturally
appropriate and familiar to the children.

The first stage of the adaptation process, translation into Albanian, involved forward
translation (by which the original task was translated into an Albanian version) followed by
further backward translation (by which the new adaptation was separately translated back into
its original language; this was to identify any errors or mistranslations that might have
occurred). For the forward translation, two qualified translators were used, to produce two
independent forward-translations. The translators were instructed to provide a translation that

was as close as possible in structure and format to the original language. When both versions

71



of the forward translations were ready, both translators and the experimenter worked together
to check the results of the translations, and to identify a best single forward-translation. In this
way, a single version of the forward translation was produced. Then, this version was translated
back into its original language. The backward translation was done by a qualified bilingual
translator. The translator was instructed to check whether the translated items had similar
conceptual meanings to the items in the original version of the task. When the backward
translation was complete, the translator and the experimenter worked together to compare the
original and the backward translated versions of the task, and to identify any problematic items,
or areas where the process of translation had changed the meaning of the language used. Based
on discussion between translator and experimenter, a final version of each translated task was
drafted.

For the second stage of the adaptation process, equating difficulty across both versions
of the tasks, the syntactical and morphological structures of all the translated tasks was
conducted. For the Reading Comprehension task, it was important to retain comparability
between sentence structure in the original and adapted versions of the task. To do this, a
thorough analysis of the number of nouns, adjectives, adverbs, verbs, prepositions, numerical,
articles and pronouns in the adapted version of the task was carried out. In addition, for each
reading comprehension story. the language specialists analysed the sentence structure by
identifying the types of sentences in all stories of the task was made (e.g. simple sentences,
composite sentences, complex sentences), including main and subordinate clauses. After that,
the structures all of the types of the sentences were compared to sentences in the original
version of the task to ensure the grading criteria was similar between the two versions of the
task.

For both the Listening Recall task and the Resistance to Proactive Interference task, it

was important to keep the incidental working memory demands as low as possible. To achieve
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this, the language component was kept very simple: all words included in these tasks were
short: for the Listening Recall task, only 2-syllable words were included; for the Resistance to
Proactive Interference task, only 2-syllable and 3-syllable words were used.

The third stage of the adaptation process involved ensuring that the words used in the
final version of the tasks would be familiar to Albanian-speaking children. This was necessary
for all the adapted tasks (i.e. British Picture Vocabulary Scale, Reading Fluency, Listening
Recall, Resistance to Proactive Interference and Reading Comprehension task). To achieve this
goal, two school teachers were asked to read and check all the language used in the adapted
tasks. They confirmed that in their opinion all items were appropriate for, and would be familiar
to, children.

2.1.4 Testing of the adapted tasks. Following the adaptation process, the tasks were
then pilot-tested in a sample of Albanian-speaking children, to assess their suitability. It is
difficult to come up with a clear and unambiguously appropriate set of criteria to judge the
suitability (or otherwise) of tasks adapted from one language to another. However, as a broad
and relatively objective indicator of suitability, a standard criterion was set for all the tasks.
Specifically, if the mean score of the data from the adapted version of the task was within one
standard deviation of the mean score of the data in the comparison version of the task, then this
was taken as an indication that the adapted task was broadly comparable to the comparison
version, and the task was considered as adequate. In addition, descriptive data for all tasks

would be assessed individually, as a means of identifying further potential adaptations.

2.2. Method

2.2.1. Participants. Sixty children participated. All participants were recruited by

word of mouth from two public primary schools and one private school in Prishtina, capital
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city of Kosovo. All participants spoke Albanian as their first language. Children were excluded
from participating if they were identified as having special educational needs, if they had been
identified with a learning disability, if they spoke Albanian as a second language, or if they
were bilingual.

To allow for analysis of performance by age, children were divided into two age groups
(hereafter referred to as the Younger group and the Older group). The Younger group
comprised 31 children (17 males, 14 females; M = 8.4 years, range = 8 years | month to 8 years
6 months). The Older group comprised 29 children (20 males, 9 females; M = 10.3 years, range
= 10 years 1 month to 10 years 6 months). Data from two participants were removed, due to
extremely poor performance in individual tasks. Thus the final data set comprised 58
participants.

The study was approved by the University of Sheffield’s Department of Psychology
Ethics Committee, and also by the Ministry of Education, Science and Technology of Kosovo.
Parents of participating children were informed about the study, and were asked to give consent
for their child to take part. In addition, all participating children were told prior to testing that
they could withdraw from the study any time if they wished.

2.2.2 Design.

Tasks were administered across three sessions. The first two sessions included the
testing of all the adapted tasks, and the third session included the retesting of three tasks.
Retesting of tasks was considered important as it would show if the tasks have internal validity,
that is the assumption that the measurements obtained in one sitting were stable over time. The
first two sessions lasted around 35 minutes. In the first session, participants were tested
individually. The first session comprised the British Picture Vocabulary Scale, the Reading
Fluency task, the Listening Recall task, and the Resistance to Proactive Interference task,

presented in a pseudorandom order. The second session comprised the Reading
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Comprehension task. In this session, children were tested in groups of 15. The third session
comprised the retesting of the British Picture Vocabulary Scale task, Reading Fluency, and the
Listening Recall task. Due to time constraints only three tasks were managed to be retested.
The interval time between the first two sessions and the session three was 15 days.

2.2.3 Material and procedure.

British Picture Vocabulary Scale task. This was a computerized task used to test children’s
receptive vocabulary. In this task, on each trial children were shown a series of four pictures,
and heard a single word. They had to respond by pointing to the picture among the four that
matched the word they heard on that trial. The task comprised 168 trials.

Adaptation of the task

The task is based on a list of 168 words, that varied systematically in their familiarity
to children. All words in the list were translated from English to Albanian. The focus was to
preserve the compatibility, as much as possible, between the words in the adapted version and
original version of the task. More specifically, in the original version of the task, the 168 words
in the list increase in difficulty. Thus the focus in adapting the task was to maintain this increase
of difficulty across words.

2.2.4 Procedure. On each trial, children were shown four pictures, and heard a word
read by the experimenter. The children had to point to the picture that best matched the given
word. All children had a short practice to familiarize them with the task. For administration
purposes, the 168 words on the task were grouped into 14 sets, containing 12 words each. The
task ceased when the children failed to identify 8 words within a set. The total score was the
sum of all correct responses and the maximum score was 168.

Reading Fluency task
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This was a computerized task used to test children’s ability to read words accurately
and quickly. It lasted about 10 minutes. The task required children to spend 60 seconds reading
a list of 100 words, as quickly and accurately as they can.

Adaptation of the task

Although this task was previously used with Albanian-speaking children, it was deemed
necessary to test the task with Albanian-speaking children in Kosovo, to verify if the words
were familiar to them.

Procedure

In this task, children sat next to the examiner facing the computer screen. Each word of
the task appeared one at a time on a PowerPoint document in a computer screen. For the
practice phase of the task, children were presented with a practice list of words which contained
20 items in the same font size as items presented in the main task. During the practice phase
children were instructed to read as quickly and accurately as possible. For the testing phase of
the task, children were presented with a sequence of words to be read. Words in the list
increased in difficulty; the list comprised 51 short words (defined as words containing fewer
than four letters) and 49 long words (defined as words containing five letters or more) (see
Hoxhallari, 2006). The words on the list of the reading fluency task were ordered in terms of
decreasing frequency of occurrence.

In the original version of the task, scoring was based on the accuracy, and reading time
measured for each word. Thus the dependent variables were a) the total number of words
accurately read in the first minute (see Riedel, 2007; Tilstra et al., 2009), and b) reading time
per word, computed by dividing the total number of words read by the number of seconds it to
the child to complete it.

Listening Recall task
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This was a paper-based task which assessed children’s working memory, and lasted
approximately 15 minutes. In this task children were required to listen to sets of spoken
sentences presented one by one, and were asked to verify if sentences were “true” or “false”.
In addition, for every sentence, children were required to remember the last word of each
sentence. The adapted task was based on the English-language version of the task (see
Pickering & Gathercole, 2001).

Adaptation of the task

All sentences in the task were translated into Albanian. To keep incidental working
memory demands low, it is desirable to use short words. However, because Albanian has so
few l-syllable words, 2-syllable words were used instead (see also Chrysochoou, 2006;
Chrysochoou et al., 2011; for similar adaptation in Greek). On this basis, during the adaptation
of the task, 15 sentences had to be modified.

Procedure

In this task, children listened to a series of short sentences. After each one, they had to
say whether each sentence was true or false. After the series of sentences had been presented,
children had to recall the final word in each sentence. For example, the children might hear the
sentences ‘“Rabbits have ears” (true) and “Bananas can fly” (false). They would then have to
recall the last word of each sentence in order (“ears, fly”).

This task administered trials grouped into separate series, and these series increased
with length across the task. The task began with a series of a single sentence. Series
subsequently increased in length by one sentence at a time (up to a maximum length of 6
sentences). There was a practice trial prior to commencing the main trial. Testing was
discontinued when children made three errors in a single series. The children’s score was the
total number of trials correctly recalled until testing was discontinued or completed.

Resistance to Proactive Interference task
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The Resistance to Proactive Interference task was a computerized task which assessed
children’s ability to recall items presented in a list, while inhibiting items presented earlier in
other lists. This task lasted approximately 20 minutes. In this task children had to silently read
separate lists of words, and were then asked to recall the lists of words afterwards. Between the
presentation of each list and its recall, children completed a distractor task (counting backwards
by two). To accurately recall the items from the last list, children had to suppress items from
earlier lists. This task was adapted based on the English version of the task used by Borella and

colleagues (2010).

Adaptation of the task

All words in the original task were translated into Albanian. To keep incidental task
demands low, short words were used. Because the Albanian language has few 1-syllable words,
the adapted task used 2- and 3-syllable words.
Procedure

This task was presented to children on a PowerPoint document on a computer screen.
This task contained 12 lists of nouns belonging to four categories: fruits, animals, body parts
and occupations (so there were 3 lists per category). Each list contained four nouns from a
single category (e.g. fruits). The lists were presented at a rate of one word every 2.5 seconds.
Children were asked to read these words silently. Once the list of words was finished, a number
appeared on the screen (e.g. 68) and children then had to count backward from that number in
twos, for 30 seconds. When the counting ended, children had to recall as many words as
possible (in any order).

The task had two dependent variables. The first was the total number of intrusion errors
(that is, the total number of words incorrectly recalled from other list in the same category),

which is considered as an index of resistance to proactive interference (Borella et al, 2010;
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Hasher, Chung, May, & Foong, 2002). The second dependent variable was the total number of
recalled words in each category, which captured children’s ability to maintain and process
relevant information in the task.

Reading Comprehension task

This was a paper-based task which assessed children’s ability to comprehend written
text, and which lasted 35 minutes. The reading comprehension task comprised five short
stories. Each story included questions that required all five higher-level comprehension skills
(i.e., literal comprehension, necessary inference, elaborative inference, simile comprehension
and comprehension control). Thus, each story was followed by ten questions — two questions
for each type of higher-level comprehension skill.

Literal comprehension questions tapped the ability to recall explicitly stated
information in the text. Necessary inference questions tapped the ability to integrate
information presented in the text with information from the reader’s background knowledge,
which was necessary to infer the implicit meaning of the text. Elaborative inference questions
involved the ability to infer implicit information which would enhance the overall
understanding of the meaning of the text. Simile comprehension questions tapped the reader’s
ability to interpret figurative language in the text. Comprehension control questions assessed
participants’ understanding of the essence of the stories’ meanings.

Adaptation of the task

For the present study, the stories and questions were translated from Greek to Albanian.
In the original task, the five stories increased in syntactic complexity. Thus, the adaptation
process aimed to retain this (i.e. the first story had to be the simplest and the fifth story the most
complex). To achieve this, the translated stories were graded according to length, syntactic
structure and grammatical structure (based on Chrysochoou, 2006; Chrysochoou et al., 2017,

Clark & Clark, 1977). This was achieved by counting number of words, subordinate clauses,

79



and verb tenses, and by then comparing them to the Greek version of the task. Based on these
criteria the tasks were considered to be suitably similar to the original version of the task.
Procedure

For this task, children were tested in groups of 15, and were given printed copies of the
relevant stories. Each story was presented on a separate page, followed by 10 questions related
to that story. The first story was used as a practice, to familiarize children with the task.
Children were asked to read each story once, silently, and then to answer the 10 questions
related to that story. Children were told to answer from memory, and not to look back to the
story when answering questions. This procedure was repeated for all four stories. Children

were allowed approximately 6 minutes to complete the task.

2.3 Results

This section reports two types of analyses: a) descriptive statistics and b) reliability
analyses. Descriptive statistics were used to compare the mean scores and standard deviations
between the data from the current experiment with the data from other studies using the original
version of the tasks. For the reliability analyses, two types of analyses were carried out.
Cronbach’s alpha was run to test the internal consistency between the five types of reading
comprehension questions (i.e. literal comprehension, necessary inferences, elaborative
inferences, simile comprehension and comprehension control). For the other tasks, test-retest
reliability analyses were carried out, to see if there was consistency between task scores taken
at two different times.

2.3.1. Comparing results between the original and adapted versions of the tasks..
The following section presents comparisons of mean scores from the adapted tasks with mean
scores from the original versions. If the mean scores of the adapted versions were within one

standard deviation of the mean score of the original version of the task, then the task would be
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considered as adequately adapted. Conversely, if the mean score from the adapted version was
more than one standard deviation away from the mean score in the original version of the task,
then the tasks would be considered for further adaptations.
British Picture Vocabulary Scale task

The data for the adapted version of the task were compared to data using the English
version of the task in a study by Mahon and Crutchley (2006). This study was chosen as the
demographics of their sample closely matched those of the sample reported in this chapter (see
Table 1).
Table 1. Means and standard deviations from the adapted version and from the comparison

version of the British Picture Vocabulary Scale task.

British Picture Adapted measure Comparison measure
Vocabulary Scale Younger group Older Younger group Older

group group

(M=8.4 years) (M=8.11 years)

(M=10.3 years) (M=9.11 years)

(N=29) (N=29) (N=38) (N=19)

M (SD) M (SD) M (SD) M (SD)
Total number of 87.5(19.30) 92.24 (12.23) 86.12 (2.22) 98.60 (2.80)

words identified

(0-168)

The minimum score was 0 and the maximum possible score was 168. The mean age (in years) is
provided for each age group of the current study and of the comparison study.

The mean score of the younger group of children in the adapted version of the task
(M=87.5) was within one standard deviation of the mean score of the younger children in the
comparison version of the task (M= 86.12). However, data for the older group of children were

less well matched. The older group of children in the Mahone and Crutchley’s (2006) study
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were a year younger than the older group of children in the adapted version of the task;
however, their mean BPVS score was higher than the mean score of the sample of the current
study. Thus, based on this comparison, the task was judged not to be adequately adapted and
further adaptations were deemed necessary. (These will be described further in the Discussion
section.)
Reliability analysis

In terms of the test-retest analyses all three adapted tasks had high reliabilities. In the
British Picture Vocabulary Scale task the test-rest reliability coefficient was .93; for the
Reading Fluency task the test-retest reliability coefficient was r=.90; and for the Listening
Recall task the test-retest reliability coefficient was r=.81. This shows that the adapted versions
of the tasks had a strong consistency between the results in Time 1 and results in Time 2.

Reading Fluency task

To judge whether the Reading Fluency task was adequately adapted, a comparison was
made looking at the total number of words children read correctly (out of 100 words). The
performance of the children in the current study was compared to the performance of children
in Albania in a study reported by Hoxhallari, (2006) — see Table 2.

Table 2. Means and standard deviations from the adapted version and from the comparison

version of the reading fluency task.

Reading fluency task Adapted measure Comparison measure
Younger group Older Younger group Older
group group
(M=8.4 years) (M=9.3 years) (M=11.3
(M=10.3 years) years)
(N=29) (N=29) (N=60) (M=60)
M (SD) M (SD) M (SD) M (SD)

82



Words correctly read 91.03 (5.49) 93.59 (10.90) 87.10(10.16) 91.18 (10.90)
(0-100)

The minimum score in this task was 0 and the maximum possible score was 100. Mean age ( in years)

is provided for each age group of the current study and the comparison study.

The mean score of the younger group of children in the current sample (M=91.03) was
within one standard deviation of the mean score of the younger group of children in
Hoxhallari’s (2006) study. The mean score of older group of children (M=93.59) in the current
sample was within one standard deviation of the mean scores of the older group of children in
Hoxhallari’s (2006) study. Based on these comparisons, this task was considered to be
adequately adapted, and no further changes were made.

Listening Recall task

The data from the adapted version of the Listening Recall task were compared to data
from a version of the task reported by Currie and Cain (2015) (see Table 3).
Table 3. Means and standard deviations from the adapted measure and from the comparison

version of the Listening Recall task.

Listening Recall task  Adapted measure Comparison measure
Younger Older Younger Older
(M=8.4) (M=10.3) (M=8. 3) (M=10.2)
(N=29) (N=29) (N=43) (N=43)
M (SD) M (SD) M (SD) M (SD)
Total number of 10.15(2.03) 11.70(2.10) 9.72 (2.45) 11.79 (3.38)

correctly recalled
words

(0-36)

The minimum score in this task was 0 and the maximum possible score was 36. Mean age (in years) is

provided for each age group of the current study and the comparison study.
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The mean score of the younger group of children (M=10.15) in the adapted version of
the task was within one standard deviation of the mean score of the younger group of children
(M=9.72) in Currie and Cain’s (2015) study. The mean score of the older group of children
(M=11.70) in the adapted version of the task was within one standard deviation of the mean
score of the data from the older group of children (M=11.79) in the comparison version of the
task. Therefore, the adapted Listening Recall task was considered as adequately adapted, and
no further changes were made.

Resistance to Proactive Interference task

The data from the adapted version of the Resistance to Proactive Interference task were
compared to data from a version of the task reported in a study by Borella et al. (2010) (see
Table 4). Two dependent variables were considered. The first was the total number of intrusion
errors in the task, which was an index of children’s ability to inhibit no-longer relevant
information. The second was the total number of recalled words in each of the three lists; this
measured children’s ability to maintain and process relevant information in the task. In the
comparison version of the task (Borella et al., 2010), only children 10 years of age were tested.
Therefore, in the next table we compare only data from participants of the same age (i.e. 10-
year-old children).

Table 4. Means and standard deviations of the adapted version and the comparison version of

the resistance to proactive interference task.

Resistance to Adapted measure Comparison measure
proactive interference Younger Older Older
task (M=8.4) (M=10.3) (M=10.3)
(N=29) (N=29) (N=13)
M (SD) M (SD) M (SD)
Total number of 1.57 (1.55) 1.48(0.50) 1.15 (1.34)

intrusion errors
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Words recalled List1  2.41(1.82) 10.76(3.01) 11.27 (2.38)

(0-16)
Words recalled List2  2.81(2.81) 9.07(2.66) 9.31(2.21)
(0-16)
Words recalled List3  2.00 (2.03)  8.30(2.22) 6.92 ( 2.89)
(0-16)

For the dependent variable: total number of words recalled for each list, the minimum score was 0 and
the maximum possible score was 16. Mean age (in years) is provided for each age group of the current

data and of the comparison study.

For the total number of intrusion errors, the mean score of children in the adapted
version of task (M=1.48) was within one standard deviation of the mean score in the
comparison version of task (M=1.15). For the total number of recalled words, the mean scores
in the adapted version were within one standard deviation of the mean scores in the comparison
version of the task (List 1: adapted mean score M=10.76, comparison mean score M=11.27;
List 2: adapted mean score M=9.07, comparison mean score M=9.31; List 3: adapted mean
score M=8.30, comparison mean score M=6.92). Therefore, the resistance to proactive
interference task was considered as adequately adapted, and no further changes were made.
Reading Comprehension task

The data from the adapted Reading Comprehension task were compared to the data
from the Greek version of the task reported by Chrysochoou et al. (2011) (see Table 5).

Table 5. Means and standard deviations from the adapted version of the task and the

comparison version of the reading comprehension task.

Reading Adapted measure Comparison measure

Comprehension

Questions
Younger Older Younger Older
(M=8.4) (M=10.3) (M=8.7) (M=9.6)
N=43) (N=49)
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(N=29) (N=29)
M (SD) M (SD)
M (SD) M (SD)
Literal
comprehension 5.23(1.72) 5.94 (1.35)
(0-8) 5.6(1.3)  6.69(1.1)

Necessary 2.64(1.7) 4.34(1.95) 4.14 (2.03) 5.14 (1.81)
Inference

(0-8)

Elaborative 2.41(1.82) 2.48(.76) 4.21(1.47) 4.86 (1.23)

Inference
(0-8)
Simile 2.81(2.81) 3.48(2.00) 6.26 (1.24) 6.63 (1.19)

Comprehension
(0-8)
Comprehension 2.00(2.03) 3.22(2.53) 2.47 (2.23) 3.72(2.37)

Control

(0-8)

The minimum score in each of the reading comprehension questions was 0 and the maximum possible
score was 8. Mean age (in years) is provided for each of the age group of current study and of the
comparison study.

The mean scores of both the younger group and the older group of children in the
adapted version of the task was within one standard deviation of the mean scores of the younger
and older groups of children in the comparison version of the task across all subscales of the
task (i.e. reading comprehension questions). Based on these results, the Reading
Comprehension task was considered as adequately adapted, and no further changes were made.
Reliability analysis for the Reading Comprehension task

In terms of the internal consistency in the reading comprehension task, all five types of
reading comprehension questions had high reliabilities with Cronbach’s a = .86. The literal

comprehension questions had a reliability of Cronbach’s a = .65; Necessary Inference
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questions had a reliability of Cronbach’s a = .73; Elaborative Inference questions had a
reliability of Cronbach’s o = .68; Simile Comprehension had a reliability of Cronbach’s o =

.75 and the reliability of the Comprehension Control questions was Cronbach’s o = .70.

2.4 Discussion

The aim of this study was to establish suitable measures for examining reading
comprehension in the Albanian language. To achieve this, existing tasks in other languages
were adapted and translated into Albanian, and were then tested for suitability with a sample
of Albanian-speaking children. Results from the adapted tasks were compared with results from
comparison versions of the tasks, according to an approximate comparison criterion. This study
was generally successful, as performance in most of the tasks met the suitability criterion.
Overall, four of the five adapted tasks were found to be suitable for use in Albanian. However,
one task, the British Picture Vocabulary Scale task, required further revision (described below).
British Picture Vocabulary Scale task — further revisions

The British Picture Vocabulary Scale task was not considered to be adequately adapted,
principally because mean scores for the older group of children in the current sample were
substantially lower than data from children a year younger, reported in the comparison version
of the task (M=92.24 vs M= 98.60). While this difference could be attributable to sample
differences, it was also potentially indicative of the adapted task inadvertently introducing more
difficult items than in the original version of the task, thus leading to lower scores. Thus the
adapted version was adapted further to adjust for this. Measures of vocabulary knowledge
typically present items in order of increasing difficulty. In the adapted version of the task, an
item-by-item analysis of performance indicated that the adapted task did not have items that
consistently increased in difficulty. Therefore, to improve the suitability of the task, items were

reordered so that order of presentation matched individual item difficulty. This way older
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children would eventually reach the ceiling level after passing sets containing words of less
difficulty. (For transparency, the original order of items in the adapted task is presented in
Appendix A, and the revised order of items is presented in Appendix B.)
Reading Fluency task

Results showed that the adapted version of the task met the suitability criterion
compared to previous version of the tasks. (A full list of items in the adapted version of the
task is shown in Appendix C.)
Listening Recall task

Results indicated that the adapted Listening Recall task met the suitability criterion
compared to previous versions of the task. Based on these results no further changes were made
to the task. (A full list of all items in the adapted version of the task is shown in Appendix D).
Resistance to Proactive Interference task

The Resistance to Proactive Interference task had two dependent variables: total
number of intrusion errors made, and total number of recalled words in each of the three word
lists. The results indicated that the performance in both measurements the suitability criterion
compared to previous versions of the task (see Borella, et al., 2010). Based on these results no
further changes were made to the task. (A full list of the items in the adapted version of the
task is shown in Appendix E.)
Reading Comprehension task

Results showed that performance in all five types of questions in the adapted Reading
Comprehension task — literal comprehension, necessary inference, elaborative inference, simile
comprehension and comprehension control — met the suitability criterion for comparability
with the same types of questions in the comparison version of the task. Therefore, the Reading
Comprehension task was considered suitable for testing reading comprehension in Albanian-

speaking children and no further changes were made to this task. (An extract of a full story and

88



questions to the story from the adapted version of the task is presented in Appendix F. Also a
detailed grading procedure is presented in Appendix G.)

In conclusion, the results of this study suggest that four of the adapted tasks (Reading
Fluency, Listening Recall, Resistance to Proactive Interference and the Reading
Comprehension task) were adequately adapted for use in the Albanian language. The British
Picture Vocabulary Scale task was further adapted since it did not meet the suitability criterion.
Following the further adaptation, all five adapted tasks were considered suitable for testing
reading comprehension in Albanian-speaking children. These tasks all form part of the
experimental task battery reported in the study in the next chapter.

The contribution of the work in this chapter is twofold. Firstly, with a successful
adaptation of the tasks in Albanian, it is now possible to assess reading comprehension in
Albanian using a variety of measures that were unavailable before. This will hopefully prove
to be a valuable contribution for future researchers conducting research with Albanian-
speaking populations. Secondly, the successful adaptation of these tasks means that that it is
now possible to address the two questions of this thesis: a) what is the relationship between
domain-general cognitive skills and the five higher-level comprehension skills at a crucial time
of development, when children are becoming independent readers; and b) is the relationship
between domain-general cognitive skills and higher-level comprehension skills is mediated by

lower-level comprehension skills? It is these two questions to which we now turn.
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Chapter 3: The relationship between domain-general cognitive skills and reading
comprehension

3.1 Introduction

This chapter reports a study aiming to better understand how reading comprehension
happens in children. In particular, this study had two research questions: a) what is the
relationship between domain-general cognitive skills and higher-level reading comprehension
skills at the time when children are becoming independent readers? and b) is the relationship
between domain-general cognitive skills and higher-level reading comprehension skills
moderated by lower-level comprehension skills?

To address these questions, the current study uses an extensive test battery. This
approach, although necessarily complex, would allow for the fullest account of how reading
comprehension develops. Importantly, the context for this study was to look at reading
comprehension in a language with a transparent orthography (specifically, the Albanian
language), and at a crucial time in development — the point at which children are becoming
fully independent readers. Therefore, this study examined two age groups: 8- and 10-year-old
readers of the Albanian language.

Reading comprehension is the process by which readers process a written text,
understand its meaning, and integrate it with what they already know. To achieve this, the
reader builds a coherent representation of the meaning of a text, also known as the mental
model for the text (Kintsch, 1988). This is a complex process, and one that mainly relies on the
reader’s ability to integrate (i) information that is presented within the written text with (ii)
information that is external to what is presented, but that is relevant and necessary for making
sense of the text read (van Dijk & Kintsch, 1993). Therefore, in order to fully understand a

written text, the reader must interact with that text in such a way that he/she not only extracts
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information directly from it, but also brings their own previous experience to bear, to
successfully interpret, contextualize, and ultimately comprehend the text.

Given its complexity and multi-dimensionality, researchers have tended to
operationalize reading comprehension by considering it to be made up of two distinct sets of
reading skills: lower-level comprehension skills, and higher-level comprehension skills (e.g.
Fender, 2001; Grabe, 2009; Koda, 1992; Nassaji, 2003). Lower-level comprehension skills
focus on the basic, fundamental process of transforming written information into phonological
information, allowing a reader to read printed words accurately and efficiently, as well as to
identify the meaning of those words. Thus, broadly speaking these skills include word
recognition, reading fluency and vocabulary knowledge. (e.g. Nagy, Herman, & Anderson,
1985; Perfetti, 1985; Fuchs, Fuchs, Hosp, & Jenkins, 2001;). Conversely, higher-level
comprehension skills focus on building up a coherent overall sense of the text’s meaning,
enabling the reader to integrate information explicitly stated in the text with information from
the reader’s prior knowledge, so as to build a successful mental model for the text (Kendeou,
et al., 2014; van den Broek, 1997). These higher-level skills include literal comprehension,
drawing necessary inferences, drawing elaborative inferences, simile comprehension and
comprehension control.

Although lower-level comprehension skills and higher-level comprehension skills
interact with each other in the process of reading comprehension, they are considered to be
dissociable skills. This chapter will consider both types of skill, but will focus chiefly on
seeking to better understand higher-level comprehension skills. Higher-level comprehension
skills are essential for building a successful representation of the text (e.g. Silva & Cain, 2015).
They provide coherence to the mental model for the text, by allowing a reader to establish
relationships between information explicitly stated in the text, information that remains implicit

in the text, and information that the reader themselves already possesses (Cain & Oakhill, 1999;
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Kintsch, 1998; van den Broek, 2014). Higher-level comprehension skills are complex, and
occur at the later stages of reading comprehension (e.g. Luna, Garver, Urban, Lazar, &
Sweeney, 2004). Moreover, the extent to which each of these skills is required in reading
comprehension can vary greatly, according to the specific demands of a given text. Necessarily,
therefore, this means they are less well understood than simpler, earlier-occurring aspects of
reading comprehension. This experiment focuses on the five higher-level comprehension skills
known to be essential to the process of reading comprehension: literal comprehension,
necessary inferences, elaborative inferences, simile comprehension and comprehension control
(Oakhill & Cain, 2007).

All five higher-level comprehension skills are crucial processes in reading
comprehension, and each plays a distinct role in the process of constructing a mental model for
the text. To briefly outline the roles of each of these higher-level comprehension skills: Literal
comprehension helps the reader to understand the main ideas of the text — for example,
understanding the main characters and their motives — based on the information that is
explicitly stated in the text (e.g. Silva & Cain, 2015). However, to construct a coherent
representation of the text, the reader will have to rely on his/her ability to draw inferences by
interacting between the text and their background knowledge. Thus, drawing an inference,
referred to also as inference generation, describes when the reader uses his/her background
knowledge to identify relevant information that is not explicitly stated in the text (e.g. Kendeou,
2008). To illustrate, we look at an example given by Kintsch and Rawson (2005): ‘Fred parked
the car. He locked the door’. Readers must infer that the ‘door’ is the car’s door, based on their
general knowledge that cars have doors.

There are two distinct kinds of inference that may need to be drawn during the reading
comprehension. Necessary inferences are inferences that the reader has to make in order to

understand the essential meaning of a text. Conversely, elaborative inferences are inferences
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that are not necessary to understand the basic informational content of the text, but which enrich
the mental model by providing additional contextual information (Oakhill, Cain & Elbro,
2014). If a text contains figurative or non-literal language, then the reader will rely on simile
comprehension to help them to understand the author’s intended meaning (e.g. Godbee &
Porter, 2013). Finally, to ensure that the overall comprehension of the text is accurate and
coherent, the reader relies on their comprehension control (e.g. Dunlosky & Metcalfe, 2009).
This ability essentially plays a monitoring and checking role, and helps the reader to identify
and to remedy any inconsistencies of meaning or understanding that may have arisen in the

process of trying to read and understand a written text.

3.2 Higher-level comprehension skills and domain-general cognitive skills

Given their central importance in reading, researchers have made extensive attempts to
understand these higher-level comprehension skills. In particular, these research efforts have
focused on the crucial enabling roles played by other domain-general cognitive skills not
specific to reading. The majority of these studies have found that higher-level comprehension
skills are underpinned by specific domain-general skills, notably working memory and
executive functions (e.g. Cain, 2006; Currie & Cain, 2015; Iglesias-Sarmiento, Carriedo-
Lopez, & Rodriguez, 2015, Nation & Pimperton, 2010; Potocki et al., 2017). Working memory
is the ability to represent, maintain and process information in mind (e.g. Baddeley & Hitch
1974). Executive functions are a set of cognitive control processes that modulate the dynamics
of human cognition (e.g. Miyake et al., 2000). According to arguably the most influential model
of executive functions, there are three distinct functions: a) updating, or the ability to briefly
store and revise information with newly coming information; b) inhibition, or the ability to

suppress the no-longer relevant for the ongoing task; and c) cognitive flexibility, or the ability
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to flexibly switch attention between different demands of the task. The contribution of both
working memory and executive functions to the five higher-level comprehension skills can
perhaps best be understood through the way in which they allow the reader to control the
information needed to construct the mental model.

3.2.1. Working memory and higher-level comprehension skills

Working memory is fundamental to many aspects of cognition, and is thought to play
a variety of key roles in reading comprehension — including helping the reader to store the
information presented in sentences, to process new information that arises during the reading
process, and to retrieve relevant information from their background knowledge. Empirical
evidence has shown that working memory predicts reading comprehension performance in
children between 9 and 15 years of age (Cutting, Materek, Cole, Levine, & Mahone, 2009;
Nouwens, Groen, & Varhoeven, 2016; Seigneurich & Ehrlich, 2005; Sesma, et al., 2009). For
example, in a three-year longitudinal study of reading comprehension in French-speaking
children, Seigneuric and Ehrlich (2005) found that the contribution of working memory
capacity to reading comprehension increased between 7 and 10 years of age. In particular, the
findings of this study showed that working memory capacity at the age of 8 significantly
predicted reading comprehension at the age of 9. These findings are consistent with the idea
that children who perform well on working memory tasks are better at building a coherent
mental model for the text than children with poorer working memory.

Working memory has also been shown to play a direct role in enabling some — though
not all — higher-level comprehension skills. Notably, it appears to play a role in both inference
generation and comprehension control. For example, working memory significantly predicted
inference generation in 10-year-old children — even after word recognition skill, vocabulary
knowledge and syntactical skills were controlled for (Potocki et al., 2017). In this study,

working memory scores accounted for an additional 4% of the variance in an inference
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generation measure. When differentiating between necessary and elaborative inferences,
Currie and Cain (2015) found that working memory measures significantly predicted necessary
inferences in 6-year-old children, and elaborative inferences in 6-, 8- and 10-year-old children.
Together, these studies indicate that working memory is important when drawing inferences of
both types, by allowing the reader to process information presented in the text and integrate it
with necessary information from their background knowledge (in the case of necessary
inferences) as well as with background knowledge information that is not necessary, but which
helps the reader enrich their mental model for the text (in the case of elaborative inferences).

In a similar line of research, working memory was also found to significantly predict
comprehension control in 8- and 9-year-old children (Chrysochoou et al., 2011). In this study,
comprehension control was assessed by asking children questions that deliberately included
some information that was incompatible with the gist of the story. To respond correctly,
children had to detect the inconsistencies presented in the question, and correct them based on
their comprehension of the text. The findings of this study demonstrated that working memory
supports reading comprehension also by enabling the reader to monitor and adapt his/her own
comprehension of the text, and to take steps to remedy any inconsistencies that, if left
uncorrected, could lead to an inaccurate mental model for the text.

In contrast, however, the same study found that working memory did not play a role in
either simile comprehension or literal comprehension (Chrysochoou et al., 2011). In the study,
the reading comprehension test battery included questions tapping literal comprehension and
simile comprehension, but working memory did not predict performance on either measure.
This lack of an association between working memory and literal comprehension may not be all
that surprising; it could be because literal comprehension requires the processing of
information presented explicitly in the text, with little or no reliance on the reader’s background

knowledge. If that were the case, then there would be less need to use working memory to
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integrate distinct sources of information. However, the finding that working memory does not
predict simile comprehension in children is rather more surprising, considering that simile
comprehension requires the reader to hold in mind information presented by the simile, and at
the same time integrate it with information activated from the reader’s background knowledge.
For example, in the following simile “the girl is like a butterfly” one might expect working
memory to help the processing of information presented in the sentence containing the simile,
but also to play a crucial role in retrieving necessary information from long-term memory (that
butterflies represent lightness and transience). However, such an account would seem at odds
with these results. Future studies looking at the relationship between working memory and
simile comprehension would give a clearer picture of whether this is a reliable finding, or

whether in fact working memory does have a role to play in understanding similes.

3.2.2. Executive functions and higher-level comprehension skills

Executive functions are important domain-general control processes, and there is a
range of evidence to suggest that the three chief executive functions play distinct roles in
reading comprehension (e.g. Cain et al., 2004; Cutting et al., 2009; Kieffer et al., 2013;
Locascio, Mahone, Eason, & Cutting, 2010). It should be noted that there is some conceptual
overlap between aspects of Baddeley and Hitch’s working memory model, and aspects of
Miyake’s executive function model — notably, there is some similarity between the
coordinating function of the central executive in Baddeley and Hitch’s model, and the updating
function in Miyake’s model. It should also be noted that the Baddeley and Hitch model has
been very influential in understanding reading comprehension (e.g. Kieffer et al., 2013;
Nouwens et al., 2016). However, considering the three executive functions separately has the

potential to shed important light on the specific way in which reading comprehension is
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achieved, since updating, inhibition and cognitive flexibility allow quite distinct cognitive
processes to be achieved — all of which have the potential to play an important part in reading
comprehension. This is also important because previous studies examining reading
comprehension have mainly tested executive functions in isolation, rather than simultaneously.
Thus, following the executive function model of Miyake et al., (2000) — that is, updating,
inhibition and cognitive flexibility — would allow us to explore the unique contribution of each

of the three core executive functions to reading comprehension.

3.2.2.1. Updating and higher-level comprehension skills

Updating has been found to play a role in reading comprehension, specifically by
helping to support inference generation. In a study of reading comprehension that involved
questions tapping literal comprehension and inference generation in 10- and 11-year-old
children, updating significantly predicted overall reading comprehension performance
(Iglesias-Sarmiento et al., 2015). However, in this study, the two types of questions (literal
comprehension and inference generation) were not separated. Rather, both were combined into
a single total score of reading comprehension. This somewhat limits our scope to identify the
specific role of updating to each type of question. However, in a more recent study also looking
at reading comprehension in 10-year-old children, literal comprehension and inference
generation were considered separately (Potocki et al., 2017). In this study it was found that
updating (as measured by the N-back task) was closely related to inference generation — but
was not related to literal comprehension. This suggests that when children attempt to generate
inferences from the text, they rely heavily on their ability to maintain previously presented
information, and to revise it with newly read information in the text. This is because extracting

implicit information from the text requires not just maintaining and processing the information
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presented, but also carefully monitoring and selecting newly presented relevant information
which must be integrated with previous knowledge in order to successfully comprehend the
text (e.g. Kendeou, 2008). Conversely, in literal comprehension, in an attempt to extract
explicitly stated information, readers don’t rely on their updating skills but may only need to
maintain and process the information presented in the text (e.g. Potocki et al., 2017).

Thus, based on a somewhat limited number of studies, there are grounds to think that
updating plays an important role in inference generation. However, given the fundamental and
highly versatile role played by updating in cognition more generally, it would not be surprising
if updating also made further contributions to other aspects of reading comprehension. Thus, it
would be important to further test the potential contribution of updating to other higher-level

comprehension skills.

3.2.2.2. Inhibition and higher-level comprehension skills

Inhibition has been found to play an important role in reading comprehension, in
particular because the ability to inhibit no-longer relevant information helps the reader to draw
inferences about a text. To examine the association between reading comprehension and
inhibition, Pimperton and Nation (2010) examined 7- and 8-year-old children using a reading
comprehension task tapping both literal comprehension and inference generation. They
assessed inhibition using a verbal Proactive Interference task. Children with better inhibition
did better at reading comprehension than children with poorer inhibition.

This finding is consistent with the view that inhibition supports both literal
comprehension and inference generation skills. However, it should be noted that in this study,
children’s reading comprehension scores were based on combined scores, rather than on

individual scores of literal comprehension and inference generation. A more fine-grained
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approach was adopted by Potocki and colleagues (2017). When looking separately at scores
for literal comprehension and inference generation, Potocki and colleagues (2017) found that
inhibition significantly predicted performance on inference generation questions, but not on
literal comprehension questions. These findings are consistent with the view that the ability to
inhibit no-longer relevant information presented by the text or retrieved from the reader’s
previous knowledge plays a key role in reading comprehension. Thus, the role of inhibition is
particularly important in inference generation tasks, where the reader attempts to integrate
relevant information from the text as well as from reader’s previous knowledge by suppressing

information that was previously relevant but has since become irrelevant for the current task.

3.2.2.3. Cognitive flexibility and higher-level comprehension skills

Cognitive flexibility’s prospective role in reading comprehension has been studied far
less extensively than the other two executive functions. Nevertheless, there is some evidence
to suggest that it can help reading comprehension (e.g. Cartwright, 2000; Keiffer et al., 2013),
and in particular the process of inference generation (e.g. Potocki et al., 2017). To my
knowledge, the role of cognitive flexibility in higher-level reading comprehension has only
been examined in a single study — that of Potocki and colleagues (2017). The authors reported
two experiments. In the first, cognitive flexibility was assessed in typically developing 10-year-
old children using the Trail Making task. It was found that cognitive flexibility did not predict
performance on either literal comprehension or inference generation measures. However, in
their second experiment, they assessed cognitive flexibility in less skilled readers (aged
between 8 and 15 years), using the Animal Sorting subtest from the NEPSY II. Here, cognitive
flexibility performance significantly predicted reading comprehension, including questions

tapping literal comprehension and inference generation. This finding indicates that cognitive
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flexibility may indeed play a role in supporting reading comprehension. Conceivably, when
attempting to construct a mental model, the ability to shift attention between different task
demands may support successful reading comprehension. However, different findings drawn
from the two experiments including different populations, suggest that this speculation would
benefit from further direct study.

3.3. Lower-level comprehension skills and higher-level comprehension skills

When seeking to understand reading comprehension, higher-level comprehension skills
clearly play a major role. However, if we wish to understand reading comprehension as a
whole, their contribution must be considered alongside the contributions from lower-level
comprehension skills. Lower-level comprehension skills play a crucial role in the process of
reading comprehension, both independently and through an interplay with higher-level
comprehension skills (e.g. Perfetti & Adlof, 2012; Perfetti, Landi, & Oakhill, 2005). In the
present experiment, I will focus on two key lower-level comprehension skills: reading fluency
and vocabulary knowledge. Reading fluency and vocabulary knowledge equip the reader with
the basic tools necessary to extract the meaning from the text, enabling a reader to accurately
and automatically read printed words, as well as to identify their meaning during the process
of reading comprehension (e.g. Hirsch, 2003). So while reading comprehension requires
higher-level skills, those skills are built on the foundational ability to convert written text into
a phonological form that can be understood — and the better children can deploy those lower-
level skills, the easier the more complex parts of reading comprehension become. Indeed, the
correlation between lower-level comprehension skills and reading comprehension in children
has been clearly established (e.g. Cutting & Scarborough, 2000; de Jong & van den Leij, 2002;
Klauda & Guthrie, 2008; Kneopke, 2016; Muter, Hulme, Snowling & Stevenson, 2000). For

example, in an attempt to determine the predictive roles of lower-level comprehension skills to
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reading comprehension, a two-year longitudinal study was conducted with 4- and 5-year-old
English-speaking children (Muter et al., 2000). It was found that vocabulary knowledge, word
recognition and grammatical skills at age 4 predicted reading comprehension skills at age 6,
which together accounted for 86% of the variance in reading comprehension performance.
More specifically, there is some evidence to suggest that lower-level comprehension
skills may play a moderating and/or mediating role between domain-general cognitive skills
and higher-level comprehension skills. For example, it has been suggested that vocabulary
knowledge may aid the contribution of working memory to inference generation, because
children who have good vocabulary knowledge have available more representations of words
in their long-term memorys; this in turn may better support accurate maintenance of information
in working memory (Walker & Hulme, 1999). This theoretical view is also supported by
empirical evidence. Currie and Cain (2015) found that vocabulary knowledge fully mediated
the relationship between working memory and necessary inference questions in 6-year-old
children (though this mediation was not found in 8-year-old or 10-year-old children). In the
same study, vocabulary knowledge fully mediated the relationship between working memory
and elaborative inferences in 6-, 8- and 10-year-old children. However, a slightly different
pattern of results was reported in another study examining the mediating role of vocabulary
knowledge. When studying the relationship between working memory and both necessary and
elaborative inference generation in 8- and 9-year-old children, vocabulary knowledge was
found to fully mediate the relationship between working memory and necessary inferences;
however, vocabulary knowledge only partially mediated the relationship between working
memory and elaborative inferences (Chrysochoou et al., 2011). This suggests that while
vocabulary knowledge can play a mediating role between working memory and some higher-
level comprehension skills, it may not do so consistently across all skills, nor across different

age groups of children.
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Further evidence to suggest a possible mediating role for other lower-level skills is
somewhat sparse, and tends to be theoretical, rather than empirical, in nature. Theoretical
accounts have proposed that reading fluency plays a crucial role in reading comprehension. For
example, the verbal efficiency theory (Perfetti, 1985) posited that readers who have efficient
word recognition skills are thus able to reserve greater attentional resources to focus on higher-
level comprehension skills. This suggestion seems plausible. However, despite theoretical
accounts suggesting a possible mediating role for reading fluency, there is relatively little
empirical evidence to support this. This is largely because most of the studies examining links
between reading comprehension and domain-general cognitive skills have controlled for the
effect of reading fluency, rather than directly examining its influence. One study that did
examine the possible mediating role of reading fluency found no evidence of mediation
(Chrysochoou et al., 2011). This study looked at the relationship between working memory
and all five higher-level comprehensions skills. Results showed that reading fluency did not
exert any mediating role between working memory and any of the higher-level skills. As the
authors noted, the apparent lack of mediating role could be due to the orthography of the Greek
language. Greek is a transparent orthographic language with a highly regular mapping between
graphemes and phonemes (e.g. Protopapas & Vlahou, 2009). It is plausible that Greek children
become fully fluent in reading between the age of 6 and 7; if so, reading fluency might not play
a significant role in this relationship any longer. This is an important possibility to consider,
particularly given the scarcity of direct evidence on this question. Therefore, future research
on the effect of reading fluency in the relationship between domain-general cognitive skills and
reading comprehension is much needed.

Another rarely explored pathway in the existing research is whether reading fluency
interacts with domain-general cognitive skills in predicting reading comprehension.

Interactions between reading fluency and domain-general cognitive skills can be hypothesized
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based on LaBerge and Samuel’s (1974; Samuels, 1994) theory of automatic information
processing in reading. This theory posits that because attention is a limited resource that may
constraint the processing of information during reading comprehension then readers’
experience in basic reading skills may determine the deployment of attention in extracting the
meaning from the text read. Therefore, it is plausible that the faster readers are able to decode
words the less memory resources they use to achieve this task. As a result, this spare memory
resources could be used to build a mental model for the text read. In support of this hypothesis,
Kieffer and Christodolou (2020) in a longitudinal study examining 12 and 13-year-old children
found that reading fluency significantly interacted with executive functions in predicting
reading comprehension in both age groups of children. These findings indicated that the
relation between executive functions and reading comprehension were higher for readers with
higher reading fluency as compared to the relation between executive functions and reading
comprehension in lower reading fluency readers. Therefore, it would be valuable to further
examine the interactions (moderations) between executive functions, working memory and
reading fluency in different higher-level comprehension skills in children.

In summary, reading comprehension in children is supported by a range of domain-
general cognitive skills, which have been shown to enable a number of processes essential to
higher-level comprehension skills. Of these higher-level skills, the skill that has been the
subject of most research is inference generation; this has the most clearly established links with
domain-general processes, most notably with working memory. Nevertheless, other higher-
level skills also rely on domain-general cognitive skills, though the precise way in which they
do so remains to be fully explained. Any attempt to provide such an explanation should also
take account of lower-level comprehension skills, since theoretical and empirical accounts
suggest that these skills may play an important mediating and/or moderating role between

domain-general cognitive processes and higher-level comprehension skills.
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3.4. Orthographic transparency and higher-level comprehension skills

When seeking to understand how reading comprehension may come about through the
deployment of domain-general skills, a potentially crucial factor that has frequently been
overlooked is orthographic transparency. Orthography refers to the conventional spelling
system of a language, and in particular how combinations of letters are converted into
combinations of sounds. Languages are generally grouped into one of two categories: those
with transparent orthographies, and those with opaque orthographies. Transparent
orthographies are those with consistent grapheme-to-phoneme mappings, and highly regular
spelling rules (for example, the Finnish language). Opaque orthographies are those with much
less consistent grapheme-to-phoneme mappings, and where spelling rules are much less
consistent (for example, the English language).

Broadly speaking, reading comprehension happens in similar ways across opaque and
transparent orthographies: written words are converted to their phonological equivalent by a
dual processing route of word recognition — either through a non-lexical route, or through a
lexical route (Coltheart, Rastle, Perry, Langdon, & Ziegler, 2001; Toonman & Hoover, 1993).
The non-lexical route involves converting printed words, letter by letter, into a phonological
code, by applying the role of mapping graphemes onto phonemes. This route is especially
important for beginning readers, since they recognize very few words, and therefore rely on
sounding out words, letter by letter. The non-lexical route enables them to decode — that is, to
read — new and unknown words based on single grapheme-phoneme mapping (Kneopke, et al.,
2014). On the other hand, the lexical route becomes increasingly useful as readers get more
experience. It enables readers to recognize words as whole units, without needing to use

grapheme-phoneme mappings. The lexical route is a fast and efficient route to reading, and
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starts to be used by younger readers when they encounter words with high frequency (Kneopke,
etal., 2014).

However, the extent to which each of these two routes are used during development
varies, depending on whether a language has a transparent or an opaque orthography. In
languages with a transparent orthography, written words are converted to their phonological
equivalent mainly via the non-lexical route, due to a highly consistent mapping between
graphemes and phonemes. Conversely, in languages with an opaque orthography, written
words are converted to sounds mainly via the lexical route (Goswami, Wombert, & de Barrera,
1998; Frith, Wimmer & Landerl, 1998). That is because in opaque orthographies, graphemes
do not always correspond to a single phoneme, and so using the non-lexical route may result
in incorrect phonological representations of a written word. As such, in languages with opaque
orthographies, readers must rely more on the lexical route, by memorizing spelling patterns in
order to build up a lexicon of words that they can access easily.

As a result of this fundamental difference between transparent and opaque
orthographies, there are also likely to be important differences in how reading comprehension
happens in those two kinds of language (e.g. Seymour, 2005; Seymour, Aro, & Erskine, 2003).
Most notably, we would expect to see differences in the speed of recognizing written words in
young children. Indeed, in a study comparing a highly orthographically transparent language
(Albanian) with two highly orthographically opaque languages (Welsh and English), it was
observed that 7-year-old Albanian-speaking children became more skilled in reading fluency
and accuracy earlier than Welsh- and English-speaking children (Hoxhallari, van Daal & Ellis,
2004). Similarly, a study examining word recognition speed between German (which has a
transparent orthography) and English reported a clear advantage for German children, meaning
that German-speaking children made fewer errors in reading nonsense words than did the

English-speaking children (Wimmer & Goswami, 1994). This suggests that the role of reading
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fluency may well differ according to the orthography of the language. As a result, there may
also be orthography-related differences in the specific higher-level mechanisms that underpin
reading comprehension.

For example, in languages with transparent orthographies such as Finnish, Italian and
German, children become accurate and fluent in word recognition skills by the end of the first
school year (around 5 or 6 years of age) (Seymour et al., 2003). As a result of the relatively
early development of this lower-level comprehension skill, these children may not need to
expend much effort on the word recognition stage of reading comprehension. Consequently,
this may mean that they have surplus available cognitive resources with which to engage with
other (potentially more complex) aspects of reading comprehension. In contrast, young readers
of languages with opaque orthographies may need to expend considerably more effort on word
decoding — or perhaps on dealing with the consequences of decoding a word incorrectly. This
may have important consequences when they then subsequently try to deploy higher-level
comprehension skills. Thus, there may be important interactions between orthography and
lower-level reading skills. Considering the sparseness of literature on this possible moderating
role of reading fluency, further research to shed light on this role would be extremely valuable.

In sum, while we know that some key aspects of reading comprehension rely on the
basic, fundamental process of transforming written information into phonological information,
and also on domain-general cognitive skills, there are still a number of important questions
unanswered. First, we still don’t know the extent to which all the higher-level comprehension
skills rely on domain-general cognitive skills. Second, we don’t know whether previously
reported roles played by domain-general skills — based on studies where these skills are tested
in isolation — are robust, and whether these findings will replicate when multiple domain-
general skills are tested together. Third, we do not know if the contributions of domain-general

cognitive skills to higher-level comprehension skills are direct, or whether they are moderated
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by lower-level comprehension skills (specifically reading fluency and vocabulary knowledge).
Fourth, we still lack a clear picture of how in a language with a highly transparent orthography,
domain-general cognitive skills and lower-level reading skills contribute to higher-level
comprehension.

Addressing all of these questions across the full span of development, from early
childhood to adulthood, would likely be beyond the practical scope of a single study. However,
arguably the most important stage in the development of children’s reading comprehension is
the period when children start to develop the ability to read written texts independently.
Although the ability to comprehend written text first emerges in early childhood, at around 4
years of age, at this stage reading is an extremely slow and laborious process. Reading for
pleasure is still some years off, or else it relies on an adult or older child to read stories for
these children. In contrast, once lower-level comprehension skills have been sufficiently
practiced, children are able to read independently, and must, therefore, rely entirely on their
own skills to follow a written story, or to work out the meaning of a text. This skill starts to
emerge at around the age of 8§ years; children around this age are undergoing a transition from
being dependent readers to becoming independent readers. They likely possess all the higher-
level comprehension skills that they require for reading comprehension, though these are not
likely to be so well practiced that they become automatic. Therefore, the role of domain-general
skills is likely to be particularly important. Consequently, the following experiment was

conducted with two age groups: children aged 8 and 10 years of age.

3.5. Aim of the study

This experiment sought to better explain how reading comprehension happens in 8- and

10-year-old children, and to address the four specific gaps in our understanding. To do this, an
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extensive test battery was designed, to assess (a) reading comprehension, including the five
different higher-level comprehension skills of interest to this thesis; (b) domain-general
cognitive skills (i.e. working memory and executive functions); and (c) lower-level
comprehension skills (specifically reading fluency and vocabulary knowledge). From a
methodological standpoint, there are three notable aspects of this study. First, unlike most
previous studies in this area, it examined all domain-general cognitive skills simultaneously,
in order to better identify what variance in reading comprehension should be attributed to each
specific domain-general cognitive skill. To achieve this, individual tasks designed to test each
of the domain-general cognitive skills were used. To measure working memory capacity, the
current study uses a measure of Listening Recall from the Working Memory Test Battery of
Children (Pickering and Gathercole, 2001). This task was chosen because different studies have
found that processing capacities tapped by working memory tasks, especially in the semantic
domain, are important in explaining variance in reading comprehension in children (Daneman

& Merike, 1996; Nouwens, et al., 2016).

To measure updating, this study uses the N-back task which is known to measure the
ability to efficiently revise the contents of working memory and has been widely used with
children (see Im-Bolter, Johnson, & Pascual-Leone, 2006; Whitely & Colozzo, 2013). In this
study inhibition is measured with two different tasks, each measuring a distinct inhibition-
related function (Friedman & Miyake, 2004). The Eriksen Flanker task is used to measure the
ability to suppress simultaneously presented irrelevant information, also known as Resistance
to Distractor Interference. The Resistance to Proactive interference task is used to measure the
suppression of no-longer relevant information (see Borella, et al., 2010). Cognitive flexibility
is measured by the Switching Inhibition and Flexibility Task (Blakey, Visser, & Carroll, 2016),

because this task gives us two indices of the measure of cognitive flexibility: in one hand it
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shows us how are children able to switch from one rule to another — or the switch cost, and on
the other hand it allows us to see how children are able to monitor the need to switch from one
rule to another — or the mixing cost.

In addition, this study also uses the Raven’s Colour Progressive Matrices test, which is
a task used to measure children’s non-verbal intelligence. This task was used, because in
examining reading comprehension it is potentially informative to measure children’s general
intelligence.

The second notable aspect of this study is that it focused on reading comprehension in
a language with highly transparent orthography (specifically, Albanian). In the Albanian
language there is a highly regular mapping between graphemes and phonemes, allowing
Albanian-speaking children to develop their reading fluency skill in the first years of education
(6 to 7 years of age). Thus, by testing reading comprehension in this population, we would be
able better understand how reading comprehension is achieved in a language with highly
transparent orthography. The third notable aspect of this study is that in order to provide as full
an account of reading comprehension as possible, this experiment also examined the possible
moderating role of key lower-level comprehension skills in the relationship between higher-
level comprehension skills and domain-general cognitive skills.

While the task battery approach would allow for a broad exploratory study of reading
comprehension in newly independent readers, there are a number of specific predictions that
follow on from previous research. First, because higher-level comprehension skills depend
upon the control of information on which the construction of the mental model relies (e.g.
Kendou, et al., 2014), it was predicted that most of these higher-level skills will be underpinned
by domain-general cognitive skills (i.e. working memory, updating, inhibition and cognitive
flexibility). More specifically, it was predicted that domain-general cognitive skills will make

a greater contribution to the four higher-level comprehension skills that require integration of
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information from the text with reader’s previous knowledge (i.e. necessary inferences,
elaborative inferences, simile comprehension and comprehension control), as compared to
literal comprehension, which relies on the extraction of information explicitly stated in the text.
Finally, since the Albanian language has a transparent orthography, it was predicted that
reading fluency would be an important contributor in the relationship between domain-general
cognitive skills and higher-level comprehension skills — but only in young readers.
Furthermore, it was expected that this relationship will be significantly moderated by the

contribution of vocabulary knowledge in both age groups of children.

3.3 Method

3.3.1. Participants. One hundred and seventy-six children participated in this study
(M = 9 years, 10 months; range = 8§ years, 2 months to 10 years, 5 months). For subsequent
analysis, participants were divided into two groups, based on age (referred to as the Younger
group and the Older group). The Younger group comprised 96 children (41 males, 45 females;
M = 8 years, 4 months; range = 8 years, 2 months to 8 years, 6 months). The Older group
comprised 90 children (37 males, 53 females; M = 10 years, 3 months; range = 10 years, 1
month to 10 years, 5 months).

Participants were recruited by word of mouth from three public primary schools and
one private school in Prishtina, Kosovo. All participants spoke Albanian as their first language.
Children were excluded from participating in the study if they had been enrolled in a special
education class, if they had been identified with a learning disability, or if Albanian was not
their first language. Bilingual children were also excluded from the study since some findings
have suggested that bilingual children have better executive functions than monolingual

children (e.g. Bialystok, 1999).
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The study was approved by the University of Sheffield’s Department of Psychology
Ethics Committee, and also by the Ministry of Education, Science and Technology of Kosovo.
Parents of participating children were informed about the study, and were asked to give consent
for their child to take part. In addition, all participating children were told prior to testing that
they could withdraw from the study at any time if they wished.

3.3.2. Design. Tasks were administered across three sessions, each lasting around 45
minutes. The first session comprised the British Picture Vocabulary Scale task, the Reading
Fluency task, the Listening Recall task, the Resistance to Proactive Interference task and the
Raven’s Coloured Progressive Matrices test. The second session comprised the N-back task,
the Eriksen Flanker task, and the SWIFT task.. In the first two sessions, children were tested
individually in their schools. The third session comprised the reading comprehension task,
involving stories and questions tapping the five higher-level comprehension skills (literal
comprehension, necessary inferences, elaborative inferences, simile comprehension and
comprehension control). For this session, children were tested in groups of approximately 15
participants, administered in the participants’ schools. In the first two sessions, the tasks were

presented in a pseudo-random order..

3.4 Material and Procedure.

3.4.1. British Picture Vocabulary Scale. This task assessed children’s vocabulary
knowledge, and lasted around 15 minutes. The procedure was similar to that described in
Chapter Two, with the single difference that based on the results of Chapter Two, the order of
individual items was rearranged, in order to ensure that items increased in difficulty as the task

progressed (see Appendix H for a full list of word items; rearranged words are shown in bold).
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3.4.2. Reading fluency task. This task assessed the ability to read words efficiently,
and lasted around 10 minutes. The procedure was identical to that described in Chapter Two.

3.4.3. Listening Recall task. This task assessed children’s verbal working memory,
and lasted around 15 minutes. The procedure was identical to that described in Chapter Two.

3.4.4. Resistance to Proactive Interference task. This task assessed children’s
ability to suppress the activation of no-longer relevant information, and thus to resist memory
intrusions. This task lasted around 20 minutes. The procedure was identical to that described
in Chapter Two.

3.4.5. Raven’s Colour Progressive Matrices test. The Raven’s Colour Progressive
Matrices test was a computerized task used to assess children’s non-verbal intelligence, and
lasted 10 minutes. In this task children were presented with 36 trials. Each trial presented a
series of images of abstract shapes, which together formed a logical pattern. One image was
missing. (See Figure 1 for an example.) Children needed to identify which picture (from six

possible response options) completed the pattern

> ‘
][ >

Figure 1. Example image of a trial from the Raven’s Coloured Progressive Matrices test.

The child sat next to the experimenter facing a computer screen, and was told that they
were going to play a game where they needed to find the missing picture that matched the other
pictures on the screen. A picture appeared on screen showing both the group of abstract shapes,

and the series of possible responses that could be used to complete the sequence. The child was
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told to choose the single image from six alternatives that best completed the sequence. Each
response option was numbered from 1 to 6, and children were asked to say the number that
corresponded to the figure he/she selected. The task began with a single example trial, followed
by 36 test trials in total. The dependent variable was the total number of correct answers given
out of 36.

3.4.6. N-back task. This was a computerized task which assessed children’s updating
skill. The task lasted around 15 minutes. In this task, children were shown a series of numbers,
presented one at a time. Each time a new number appeared, children had to decide whether that
number was identical to the number presented two steps previously. Children were required to
press a key whenever the number on screen was identical to the number presented two steps
previously — but to make no response if the number on screen was different to that presented

two steps previously.

3.5 Procedure.

The child sat next to the experimenter facing the computer screen. A series of numbers
appeared on a computer screen, presented one at a time, and the child was asked to respond
when the current stimulus matched the one that had appeared two steps earlier in the sequence.
This was done by pressing a key on the keyboard. The number sequence comprised the digits
4, 6, 8, and 9. Each stimulus was presented for 500ms, and the next stimulus was presented
2500ms later. The task began with a practice block of 20 digits (including 7 targets), followed
by a test block of 60 digits (including 20 targets). The dependent variable was the total number
of correct responses (correctly recognized and correctly ignored), which was calculated by
subtracting the number of false alarms with the number of hits (e.g. Snodgrass & Corwin,

1988).
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3.5.1. Eriksen Flanker Task. This was a computerized task which assessed
children’s ability to suppress irrelevant information, and which lasted 15 minutes. In this task,
children were shown a row of five stimuli, and had to make a response (pressing a mouse
button) based only on the central stimulus — in other words, they needed to ignore the flanker
stimuli. The target stimulus was a letter (either A or M). The stimuli remained on screen until
the children made a response. This task included three different types of trial, which differed
according to the type of flanker. These were: neutral trials, compatible trials, and incompatible
trials. In all three conditions, the target letter was flanked by two distractors on each side. The
flanker stimuli were either: (a) asterisks (neutral trial) (b) matching letters (compatible trial),
or (c) different letters (incompatible trial) (see Figure 2 for examples).

a) Neutral trial

* %\

b) Compatible trial

AAAAA

c) Incompatible trial

Figure 2. Example stimuli for the three trials of the Eriksen Flanker task (neutral,

compatible and incompatible trials)

3.5.1.1. Procedure. Children were told that on each trial, they would see 5
letters, but that they should only respond to the central letter (A or M). If the central letter was

“A”, they should press the left mouse button. If the central letter was “M”, they should press

114



the right mouse button. Children were told to respond as quickly and accurately as possible.
Each trial began with the presentation of a blank screen (1000ms) followed by a fixation point
(500ms), then the stimulus for that trial appeared. The stimulus remained on the screen until a
response was made. All stimuli were black and presented on a white background.

The task began with a practice block of 24 trials, with feedback, followed by the test
phase. This was split into three blocks, each containing 24 trials, without feedback. For each
trial, accuracy and reaction time measures were recorded. The dependent variable was
computed as the reaction-time (milliseconds) difference between compatible trials and
incompatible correct trials. The smaller this difference, the better the child’s ability to suppress
distracting information.

3.5.2. Switching, Inhibition and Flexibility Task (SWIFT). This was a computerized
task which assessed cognitive flexibility, and which lasted 15 minutes. In this task, children
were shown two colorful shapes, and were told to pick the one that matched a third colourful
shape, according to either its colour or its shape. The task began with two “pure” blocks, in
which stimuli were sorted by one rule only (Shape, then Colour — or vice versa). In the third,
“mixed” block, stimuli were sorted by both rules — Shape and Colour — with the to-be-sorted

rule varying pseudorandomly. An example of a trial is shown in Figure 3.

X
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Figure 3. The stimulus array in the SWIFT. The prompt stimulus (top) appears first, followed
by the response stimuli (bottom).

3.5.2.1. Procedure. The child sat next to the experimenter facing the computer
screen. Instructions were presented on the screen. If needed, the experimenter also explained
the instructions verbally. The child was told that some colourful pictures would appear on the
screen, and that he/she should find a match for the top picture, either according to its shape or
to its colour. To select the picture on the left, the child should press the letter “Z” on the
keyboard. To select the picture on the right, the child should press the letter “M” on the
keyboard. The child was told to respond as quickly and accurately as possible.

Each trial began with an empty box at the top of the screen, within which the prompt
stimulus would appear. After 500ms, the prompt stimulus appeared at the top of the screen.
After a randomly determined interval of between 1500 and 2250ms, the two response stimuli
appeared at the bottom of the screen (see Figure 3). When the child pressed a key to respond,
the relevant response stimulus flashed to indicate that a response had been registered.

When analyzing performance on switching tasks, there are two distinct indices of
performance of general interest, switch costs and mixing costs. Switch costs reflect the
processing cost needed in order to switch from sorting by one rule to sorting by another rule,
at a trial-by-trial level. Mixing costs, on the other hand, reflect the processing cost needed to
maintain the possibility of switching rules, even if no actual rule switch takes place. Switch
costs were calculated by subtracting the mean reaction time on switch trials (in seconds) (that
is, trials on which the sorting rule was different to that of the previous trial) from the mean
reaction time on non-switch trials (in seconds) (that is, trials on which the sorting rule was the
same as on the previous trial). Mixing costs were calculated by subtracting the mean reaction

time on non-switch trials from the mean reaction time (in milliseconds) on pure block trials
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(that is, comparing non-switch trials where a switch could have occurred, with non-switch trials
where a switch could not have occurred).

3.5.3. Reading Comprehension test battery. This task assessed children’s ability to
comprehend written texts, and lasted around 30 minutes. The test battery included five short
stories (one practice and four assessment stories) and every story was followed by 10 questions.
These questions assessed each of the five higher-level comprehension skills of interest to this
experiment, with two questions per skill. The procedure was identical to that described in

Chapter Two. (See an extract of a full story with all types of questions in Appendix F).

3.6 Results.

The results of this experiment are organized into three sections: a) descriptive statistics,
b) correlational analyses, and ¢) multiple regression analyses. This section starts with reporting
descriptive statistics for all tasks, and for both age groups. Then it presents correlation analyses
including all variables for both age groups. Finally, this section reports the regression analyses,
which are presented separately for each of the five higher-level comprehension skills for both
age groups.

Before the analyses, the Q-Q plots for all measures were examined separately for each
age group. Q-Q plots provide means of assessing deviation from a normal distribution (see
Cohen, Cohen, West, & Aiken, 2003). The plots indicated that the data were normally
distributed and no outliers were detected. The analyses of the data of Flanker Accuracy were
conducted by transforming the raw scores from all three conditions of the task (i.e. neutral,
compatible and incompatible) to z scores. This was done to better understand how good or bad

a score was relative to the entire group
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3.7 Descriptive statistics.
Table 6. Lower-level comprehension skills and higher-level comprehension skills measures:

means (and standard deviations) for both age groups.

Task Younger group Older group

M (SD) Highest Lowest M (SD) Highest Lowest
BPVS 79.59 (14.76) 111 46 85.51 (12.73) 114 52
(0-168)
Reading fluency 60.82(9.74) 80 0 69.32 (8.38) 95 45
(0-100)
Literal 6.58 (1.56) 8 1 7.15(1.22) 8 2
Comprehension
(0-8)
Necessary Inference 4.01 (1.60) 8 1 4.73 (1.79) 8 1
(0-8)
Elaborative Inference 3.49 (1.53) 8 1 4.28(1.45) 8 1
(0-8)
Simile Comprehension  4.73 (1.52) 8 1 4.20 (1.73) 8 1
(0-8)
Comprehension Control 3.78 (2.73) 8 1 4.76(2.14) 8 0
(0-8)

Minimum and maximum scores for each measure are shown in brackets after each task name

Table 7. Domain-general cognitive measures: means (and standard deviations) for both age

groups.
Task Younger group Older group
M (SD) Highest Lowest M (SD) Highest Lowest
Ravens 30.11 (2.68) 35 19 31.51 (2.70) 36 25
(0-36)
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Listening Recall 10.53 (1.63) 17 7 11.79 (2.85) 23 6

N-back 11.80(2.93) 17 5 13.77(3.08) 20 5
(0-20)

Proactive Interference 32.91(5.70) 42 17 34.26 (5.77) 42 17
(0-46)

P1/Intrusions 1.80 (1.63) 7 0 1.54(1.45) 8 0
Eriksen Flanker 212.65(15.82) 229 126 214.89(10.86) 229 183

Accuracy score

Eriksen Flanker .921(2.06) 13.21 -3.49 -.844(1.28) 2.55  -3.06
Reaction Time

(milliseconds)

SWIFT 2732.17) 4 -8 2237 (2.15)

W
1
~

SwitchCost
Accuracy (%)

(seconds)

Switch Cost 152.8 (961.4) 2821 -2745 -12.72 (501.2) 1558 -1262
Reaction Time

(Milliseconds)

Mixing Cost 202.2 (1054) 3698  -2238 296.3 (796.3) 2951 -2491

(milliseconds)

Note: Scores from all three conditions of the Flanker Accuracy indices (neutral, incompatible and compatible)

were converted to z scores.

3.8 Correlations.

To examine the interrelations between variables, correlations were conducted

separately for each age group. Before running correlations, composite scores were produced
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for the following tasks: The Eriksen Flanker task (added up scores from neutral, compatible
and incompatible trials) and the N-back task (number of correct recognized targets plus number
of correctly missed targets)., This procedure was similar to that of Currie and Cain (2015), who
used similar tasks. The correlation coefficients are reported based on Cohen’s criteria
(Tabachnick, Fidell, & Ullman, 2007), according to which correlations above .50 are
considered large, correlations above .30 are considered moderate and correlations below .30

are considered small.
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Table 8. Pearson correlation coefficients among the dependent, independent and mediating variables for the Younger group of children.

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17

1. Ravens - .14 13 .10 12 .07 25% 16 -.07 -.02 -.11 -.05 .08 18* 20* .10 . 24%
2. BPVS - -.01 .05 .10 .01 .16 .08 -.01 -14 .02 -.04 12 20%** 26* 17 -.03
3. Reading Fluency - .20 -.02 -.01 15 -.05 .08 .04 -.04 -.03 21% 23* 24* .16 .08
4. Listening Recall - 25% .00 .09 -.26% -.09 .06 -.07 -.01 18 .05 .16 21* 11
5. Flanker Accuracy zscore - .10 .02 -.07 -.08 .10 -.11 11 .10 -.12 .08 20% .07
6. Flanker RT zscore - .08 -.00 .08 -.07 .01 .07 .02 18 .08 .06 -.04
7. N-back total correct - -.08 .01 .03 .02 -.11 -.03 .14 22%* .16 -.03
8. PI total recall - -.19 .00 .07 -.20 .03 .08 .01 .14 .05
9. PI total intrusions - -.00 .00 .10 -.05 -.13 -.07 -.01 -.07
10. Switch cost accuracy - -.05 -.04 .14 -.06 -.00 .07 -.07
11. Switch cost RT - S50%* .02 -.02 -.17 -.00 -21*
12. Mixcost - -.13 .01 .04 .03 18
13. Literal Comprehension - 44%* 27*% 49%*, 17
14.Nessary Inference - A48%* 36%% . 4%
15. Elaborative Inferences - A40%* 22%*
16.Simile comprehension - .09

17. Comprehension Control -

Note: Ns = *p < .05, ** p <.01, *** p<.001
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Table 9. Pearson correlation coefficients among the dependent, independent and mediating variables for the Older group of children.

2 3 4 5 6 7 8 9 10 11 12 13 14 15 16 17
1. Ravens - AT 23%  43%* -.08 -.25% 27% 25% -11 -.04 .00 -.04 18 320k 24%% 43%% -.09
2. BPVS - .00 30%*  -.02 -.10 -.00 .01 -.02 -11 .03 .07 .04 35%x 16 32 -.04
3. Reading Fluency - 24* .02 -.14 .16 .01 -.06 24*  -10 .02 13 -.04 15 -.11 .16
4. Listening Recall - -.04 -26 24 .06 -.02 .01 -.10 -17 32 21% 36%* 28%* 18
5. Flanker Accuracy zscore - 21* .03 -.03 .04 .09 .09 -.07 .05 .06 .06 -.04 13
6. Flanker RT zscore - -.28% -.34% .26 -12 30%* -11 -.15 -21 -.24% -22% -.09
7. N-back total correct - .09 .03 .16 .04 .14 .19 A3 13 24+ 23%
8. PI total recall - -.26% .16 -.07 .03 21% 28 .14 35 -.05
9. PI total intrusions - A1 30%* .02 .01 -11 -.08 -.05 -.05
10. Switch cost accuracy - 00 .10 15 .14 .03 .06 .05
11. Switch cost RT - -.25% -.29% -.02 -16% -.18% - 28%*
12. Mixcost - 12 .06 12 .05 .02
13. Literal Comprehension - 30%, 40%* . 34, 29%%
14. Necessary inferences - Ry Akl ATH* .14
15. Elaborative Inferences - 36%* 24
16. Simile Comprehension - .09

17. Comprehension Control

122



Note: BPVS= British Picture Vocabulary Scale; Flanker RT= Flanker Reaction time; PI= Resistance to

Proactive Interference; Switch cost RT= Switch cost Reaction Time.

Pearson correlations for the younger group of children as seen in table 8 show that all
three moderating variables moderately correlate with the five higher-level comprehension
skills. Ravens moderately correlates with inference generation and comprehension control,
BPVS moderately correlates with inference generation and Reading Fluency moderately
correlates with literal comprehension, inference generation and simile comprehension. Among
the executive function measures, Listening Recall and Eriksen Flanker moderately correlate
with simile comprehension while Switch cost only correlates with comprehension control.

Pearson correlations for the older group show that Ravens and BPVS significantly
correlate with inference generation and simile comprehension. In the older group of children,
both inhibition measures, PI and Eriksen Flanker correlate with inference and simile
comprehension, but the correlation between PI and elaborative inference and simile
comprehension is stronger than that of Eriksen Flanker and the two. Switch cost strongly
correlates with <comprehension control but only moderately with inference generation and
simile comprehension. As seen in table 9, Listening Recall strongly correlates not just with
inference generation and simile comprehension but also with literal comprehension.

In general, in the younger group significant correlations are found between the
measures of lower - level skills and higher-level comprehension skills, while in the older group
significant correlations exist also between executive functions measures and higher-level

comprehension skills measures.
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3.9 Multiple regression analyses.

Fixed-order hierarchical multiple regression analyses were conducted to test the two
research questions of this experiment: a) what is the relationship between domain-general
cognitive skills and higher-level reading comprehension skills at the time when children are
becoming independent readers; and b) is the relationship between domain-general cognitive
skills and higher-level reading comprehension skills moderated by lower-level comprehension
skills? To answer these questions, a series of five regressions were conducted for each age
group, with each regression testing the prediction of all the independent variables (domain-
general cognitive skills) to each of the five dependent variables (i.e. the five higher-level
comprehension skills) separately. In total, 10 regression analyses were conducted. Each
regression comprises two models: Model 1, which shows the prediction of the independent
variables to each of the dependent variables; and Model 2, which shows the inferaction between
moderating variables and independent variables in predicting the dependant variable. To see
which moderators interacted with independent variable in predicting dependent variables, only
moderators that significantly correlated with dependent variables were entered in model of
regression analyses.

3.9.1. Literal Comprehension. To test whether literal comprehension was predicted
by domain-general cognitive skills, a multiple regression analysis was conducted. Literal
comprehension was entered as a dependent variable, and all independent variables were entered
as predictors to the first model of the regression. Regressions were run separately for each age
group. For the Younger group a significant regression equation was found (F (1.28) = 6.48;
p<.01) with an R? of .19. Working memory (B = .26, p<.001) was a significant predictor

explaining 19% of the variance in literal comprehension performance.
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For the Older group a significant regression equation was found ((F (2.84) = 23.47,
p<.01) with an R? of .23. Working memory (B = .36, p<.001) and cognitive flexibility (B = -
.21, p<.001) significantly predicted literal comprehension performance. (see Table 10).

Table 10. Multiple regressions with literal comprehension performance as dependent

variable and all independent and moderating variables.

Age Model Variable R? Final 8 Sig.
Younger group 1 Working memory .07 .64* .03
Reading fluency .02 .10
2 Working memory X RF .07 .01 .10
Older group 1 Working memory 23 36* .04
Cognitive flexibility -21 .03
Inhibition (PI) .09
2 Working memory X RF 5% -.2.75 .00
Cognitive flexibility X RF 5% 2.44 .00

Note. Standardized beta values are given for the final model with significant predictors. ** p <
.01. Note: RF = Reading fluency; RT= Reaction Time; Inhibition PI= Resistance to Proactive

Interference.

In the second model of the regression only moderators which significantly correlated
with dependent variables were included. For literal comprehension only reading fluency was
entered as a moderator in the second model, as it significantly correlated with literal

comprehension. (See model 2 for Younger and for Older children in Table 10).
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For the younger group, no significant interaction was found (F (2,89) = 6.75, p>.01)
with R? of .07. The results indicated that for this age group the influence of working memory
to literal comprehension was not significantly moderated by reading fluency. (see Table 10).

For the older group two significant interactions were found. The first significant
interaction was found between working memory and reading fluency (1,58) = 6,39, p<.01) with
R20f .15. The results indicated that for this age group reading fluency significantly interacted
with working memory in predicting literal comprehension explaining 15% of the variance in
literal comprehension. The second significant interaction was found between reading fluency
and cognitive flexibility (F (1,29) = 6,20, p<.01) with R?of .15. The results indicated that
reading fluency significantly interacted with cognitive flexibility to predict literal
comprehension for this age group of children.

3.9.2. Necessary inference. To test whether necessary inference was predicted by
domain-general cognitive skills, a multiple regression analysis was conducted. Necessary
inference was entered as a dependent variable and all independent variables were entered as
predictors to the first model of the regression. Regressions were run separately for each age
group.

For the Younger group, a significant regression equation was found (F (2,16) = 5.17,
p<.01) with an R? of .12. It was found that working memory (B = .09, p<.001) significantly
predicted necessary inference, explaining 15% of the variance in necessary inference
performance. Reading fluency was also found to be a significant predictor (f = .03, p<.001). to
necessary inferences explaining 3% of the variance in this task.

For the Older group, a significant equation was found (F (1,55) = 6.28, p<.01) with an
R? of .25. Three significant predictors — Working memory (B =.12, p<.001), Inhibition PI (§ =
.03 p<.00) and Vocabulary knowledge (p = .02, p<.001). — explained 25% of the variance in

necessary inference performance (see Table 11).
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Table 11. Multiple regressions with necessary inference performance as dependent

variable and all independent and moderating variables.

Age Model Variable R? Final 8.  Sig.
Younger group 1 Working memory 2% 2% .04
Reading fluency 21* .04
2 Working memory X RF
Older group 1 Working memory 25% 40* .03
Inhibition PI 22% .03
Vocabulary knowledge 28%. .01
Reading fluency -.11 23
Cognitive flexibility. .06 .50
Non-verbal intelligence .10 .39
Working memory X Voc. 19* S55%, .00

Note. Standardized beta values are given for the final model with significant predictors. ** p <

.01. RF= Reading fluency; Inhibition PI= Resistance to Proactive Interference, Voc = Vocabulary

knowledge

To test if vocabulary knowledge and reading fluency moderated the influence of
domain-general cognitive skills to necessary inference, the two moderating variables were
entered into the model.

For the Younger group, a significant interaction was found (F (1,64) = 6..48, p<.01)
with an R? of .09. The results of the regression indicated that reading fluency (B = -.18, p<.001)
significantly interacted with working memory in predicting necessary inferences, explaining
9% of the variance in necessary inferences.

For the Older group, a significant interaction was found F (1,83) = 2.96, p<.01) with an

R? of .19. The results of the regression indicated that vocabulary knowledge (B = .55, p<.001)
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significantly moderated the effect of working memory to necessary inference, explaining 19%
of the variance in this task (see Table 11).

3.9.3. Elaborative inference. To test whether elaborative inference was predicted by
domain-general cognitive skills, a multiple regression analysis was conducted. Elaborative
inference was entered as a dependent variable, and all independent variables were entered as
predictors to the first model of the regression. Regressions were run separately for each age
group.

For the Younger group, a significant regression equation was found (F (2,88) = 2.06,
p<.01) with an R? of .12. Updating was a significant predictor explaining 5% of the variance
in elaborative inference performance (B = .05, p<.001), Reading fluency (f = .21, p<.001) was
also a significant predictor and so was the vocabulary knowledge (B =.22, p<.001), explaining
22% of the variance in this task.

For the Older group, a significant regression equation was found (F (2,79) = 1.35,
p<.01) with an R? of .15. Working memory was found to be a significant predictor (p = .16,
p<.001),— explaining 5% of the variance in elaborative inference performance and also
cognitive flexibility was found to significantly predict elaborative inference explaining 22 %
of the variance in this task. (see Table 12).

Table 12. Multiple regressions with elaborative inferences performance as dependent

variable and all independent and moderating variables.

Age Model Variable R? Final 8. Sig.
Younger group 1 Updating 2% .05*. .04
Reading fluency 21% .04

Vocabulary knowledge 22% .03

Non-verbal intelligence 11 .29
2 Updating X RF. .06 .05 17
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Older group 1 Working memory .05* 16*. .04

Cognitive flexibility .09 * 22%, .03
Non-verbal intelligence .05 .66
Inhibition (RDI) =17 A1
2 Working memory X RF. .08. .10. .09

Note. Standardized beta values are given for the final model with significant predictors. ** p <

.01. Inhibition (RDI)= Resistance to Distractors Interference.

To test if vocabulary knowledge and reading fluency moderated the effect of domain-
general cognitive skill on elaborative inference, both moderating variables were added to the
regression model. The results indicated that there was no significant interactions between
reading fluency and updating in the younger group of children. The results also indicated that
there was no significant interaction between working memory and reading fluency in the older
group of children.

3.9.4. Simile comprehension. To test whether simile comprehension was predicted
by domain-general cognitive skills, a multiple regression was conducted. Simile
comprehension was entered as a dependent variable, and all independent variables were entered
as predictors to the first model of the regression. Regressions were run separately for each age
group.

For the Younger group, a significant regression equation was found (F (1,63 =3.68,
p<.01) with an R? of .07. Two significant predictors — working memory (p = -.44, p<.001) and
inhibition (RDI) (B = .22, p<.001) — explained 24% of the variance in simile comprehension
performance.

For the Older group, a significant equation model was found (F (1,85) = 10.27, p<.01)

with an R? of .15. Three significant predictors — inhibition (PI) (B = .28, p<.001), working
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memory (B = .26, p<.001) and non-verbal intelligence ( = .24, p<.001). — explained 27% of

the variance in simile comprehension performance (see Table 13).

Table 13. Multiple regressions with simile comprehension performance as dependent

variable and all independent and moderating variables.

Age Model Variable R? Final 8. Sig.
Younger group 1 Working memory 24 * 14*, .04
Inhibition (RDI) 22% .03
2 Working memory X Intell. .05. .10 12
Inhibition (RDI) X Intell. A1 .09. .07
Older 1 Inhibition PI 27* 28%*. .01
Group Working memory 26%, .04
Non-verbal intelligence 24%* .03
Cognitive flexibility. -.00 .99
Inhibition (RDI -.15 18
Inhibition (PI). .03 73
2 Inhibition (PI) X RF. 25% 27% .02

Note. Standardized beta values are given for the final model with significant predictors. ** p <
.01. Note RF= Reading fluency, Proactive interference X RT= Proactive interference interaction with
reading fluency; Inhibition (RDI) X RF = Interaction between Resistance to Distractors Interference
and reading fluency; Working memory X Intell. = Interaction between working memory and non-verbal

intelligence; Inhibition (RDI) X Intell. = Interaction between resistance to distractors interference and

non-verbal intelligence.

To test if and non-verbal intelligence moderated the effect of the domain-general

cognitive skills on simile comprehension, it was added to the regression model.
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For the Younger group, the results of model 2 showed no significant interaction
between non-verbal intelligence and the domain-general cognitive skills in explaining simile
comprehension.

For the Older group, a significant interaction was found (F (9,75) = 11.97; p<.01) with
an R? of .25. The results of model 2 indicated that non-verbal intelligence (f = .27, p<.001)
significantly interacted with inhibition in predicting simile comprehension (see Table 13).

3.9.5. Comprehension control. To test whether comprehension control was predicted
by domain-general cognitive skills, a multiple regression was conducted. Comprehension
control was entered as a dependent variable, and all independent variables were entered as
predictors to the first model of the regression. Two multiple regressions were run for each of
the age groups.

For the Younger group, a significant regression equation was found (F (4.42) = 1.45;
p<.01) with an R? of .09. Only one independent variable, the cognitive flexibility was found to
significantly predict comprehension control ( = -.22, p<.001)— explained 22% of the variance
in simile comprehension performance.

For the Older group, a significant regression equation was found (F (3,83) = 6.04;
p<.001, with an R? of .15 Three significant predictors — Working memory (B = .43, p<.001),
cognitive flexibility ( = -.24, p<.001), and updating (B = .25, p<.001) — explained 15% of the
variance in comprehension control performance (see Table 14).

Table 14. Multiple regressions with comprehension control performance as

dependent variable and all independent and moderating variables.

Age Model Variable R? Final 3. Sig.
Younger 1 Cognitive flexibility .09 -.22% .02
group

2

Cognitive flexibility X RF. .06. -.07 .14
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Older group 1 Working memory 19* 43* .03

Cognitive flexibility -.24% .01
Updating 25% .01

2 Working memory X Intell. .09* 16* .01
Working memory X RF .05* 18 * .02

Note. Standardized beta values are given for the final model with significant predictors. ** p <
.01. Note Working memory X Intell.= Interaction between Working memory and non-verbal
intelligence; Working memory X RF= interaction between working memory and reading fluency;

Cognitive flexibility X RF= interaction between cognitive flexibility and reading fluency.

For the younger group of children, to test if reading fluency interacted with cognitive
flexibility to predict comprehension control, reading fluency was entered as a moderator in the
second model. The results indicated that there was no significant interaction between cognitive
flexibility and reading fluency in predicting comprehension control.

For the older group, a significant interaction was found (F (2,93) = 7.16; p<.01) with
an R? of .09. The results of model 2 indicated that non-verbal intelligence (B = .16, p<.001)
significantly interacted with working memory in predicting comprehension control. The
results also indicated that reading fluency (B = .18, p<.001) significantly interacted with
working memory to predict comprehension control explaining 5% of the variance (see Table

14).

3.10 Discussion.
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This study asked two main questions. The first question asked what is the relationship
between domain-general cognitive skills and the five higher-level reading comprehension skills
at a crucial time of development, when children are becoming independent readers. The second
question was to examine whether the relationship between domain-general cognitive skills and
higher-level comprehension skills is moderated by lower-level comprehension skills in
Albanian, a language with highly transparent orthography.

There are three main findings that can be drawn from this study. First, working memory
and executive functions significantly predict al/l higher-level comprehension skills of interest
to this thesis — but they predict some higher-level comprehension skills more than others.
Second, the contribution of working memory and executive functions to the five higher-level
comprehension skills changes markedly as a function of age. And third, reading fluency plays
a significant moderating role in helping readers use their working memory and executive
functions to achieve the five higher-level comprehension skills — in contrast to what one would
expect of a language with a highly transparent orthography.

The first major finding of this study is that all higher-level comprehension skills are
underpinned by working memory and executive functions, but both working memory and
executive functions play a more important role in some higher-level comprehension skills than
others. In terms of their contribution to each of the higher-level comprehension skills, this
experiment identifies three separate developmental patterns: a) literal comprehension relies on
working memory and cognitive flexibility); b) both necessary inference and simile
comprehension rely on working memory and inhibition; and c¢) both elaborative inference and
comprehension control rely on cognitive flexibility, updating and working memory.

These findings are broadly, but not entirely, in line with previous research (e.g.

Chrysochoou et al., 2011; Currie & Cain, 2015; Potocki et al., 2017). More specifically, the
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data from this thesis is consistent with previous findings showing a significant relationship
between working memory and the two types of inference generation: necessary and elaborative
inferences (Currie & Cain, 2015) —as well as with findings suggesting a significant relationship
between working memory and comprehension control (Chrysochoou et al., 2011). The current
thesis also lends support to the findings of the study of Potocki and colleagues (2017), reporting
that inhibition predicted inference generation. However, different from what was found in the
study of Potocki and colleagues (2017), and Chrysochoou and colleagues (2011), the current
data shows that working memory plays a crucial role in helping children achieve literal
comprehension and simile comprehension. Finally, this thesis reports that reading
comprehension is underpinned by cognitive flexibility; specifically, this switching ability plays
a role in helping children’s literal comprehension, elaborative inference and comprehension
control.

The second major finding of this study is that the contribution of working memory and
executive functions to higher-level comprehension skills changes as a function of age for some
skills — but not all. More specifically, the contribution of working memory and executive
functions to literal comprehension, necessary inference, elaborative inference and
comprehension control changes between 8 and 10 years of age, with older children deploying
different executive functions to achieve these tasks. On the other hand, the contribution of
working memory and executive functions to simile comprehension remains stable across this
age range.

The third major finding of this study is that in a language with highly transparent
orthography, such as Albanian, reading fluency plays an important role in explaining variance
in higher-level comprehension skills directly and also through interactions with executive
functions.  This is surprising, because it was expected that due to highly regular

grapheme/phoneme mapping, children of this language would acquire broadly fluent reading
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skills around the age of 6 or 7 years, and by the time they become independent readers (i.e.
around 8 to 10 years of age) their reading would be sufficiently fluent that reading fluency
skills would not play a major role in predicting their reading comprehension. However, the
results of this study suggest that reading fluency plays a key role in helping children to use
their working memory and executive functions to achieve the five higher-level comprehension
tasks. This study also indicates that the role played by reading fluency becomes less important
as children get older. However, it continues to contribute to some aspects of reading
comprehension even in 10-year-old children.

This finding contrasts with previous research which reported that reading fluency did
not play any moderating role in the relationship between working memory and higher-level
comprehension skills. For example, in the study of Chrysochoou and colleagues (2011),
reading fluency did not moderate the effect of working memory on any higher-level
comprehension skills in 8- and 9-year-old Greek-speaking children. Albanian, like Greek, has
a highly transparent orthography with a regular mapping between the grapheme and phonemes.
For that reason, one might expect to find a similar pattern of findings across these studies.
However, the results from this thesis suggest that in Albanian-speaking children, reading
fluency plays a crucial role for both 8- and 10-year-old children. This discrepancy is somewhat
surprising.

One possible explanation is that the ongoing role played by reading fluency to reading
comprehension in Albanian could be due to these children’s educational background: the
majority of Albanian-speaking children in Kosovo do not receive preschool education, and
therefore word recognition skills only start to be introduced when they start their first year of
education (at around the age of 6 years). It may be that the Albanian-speaking children tested
as part of the present study were relatively less experienced than the Greek-speaking children

reported in the study by Chrysochoou and colleagues (2011), and that while their chronological
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ages were similar, the less experienced readers in the present study had not yet reached the
stage where their reading fluency was fully developed. Furthermore, another speculative
suggestion for the late development of reading fluency in Albanian-speaking children could be
the grammatical complexity of the language. The grammatical structure of text read by children
of these age groups could be an important factor to consider in the development of reading
fluency skills, mainly due to length of sentences and the structure of clauses in the language
used in the Albanian language. In other words, while Albanian’s transparent orthography may
suggest reading should be relatively easy, its more complex syntax may pose additional
challenges for new readers. Thus, more research is needed to examine the role of reading
fluency; such research should consider not just languages with different orthographies, but
should take account of their syntactic complexity too.

To explain the current findings, the following sections will focus on each higher-level
comprehension skill in turn. The discussion is organized based on the three developmental
patterns identified in this study. Each developmental pattern is based on the broad combination
of domain-general skills that children rely on to achieve the five higher-level comprehension
skills of interest to this thesis. Thus these developmental patterns relate to: a) literal
comprehension; b) necessary inference and simile comprehension; and c) elaborative inference
and comprehension control. Also, in each of these patterns there will be a separate discussion
on the role of moderators in the relationship between working memory, executive function and
each of the higher-level comprehension skills. Following the discussions on the three
developmental patterns, a separate section discusses the role of orthographic transparency in
reading comprehension. Finally, an overall conclusion about the findings is presented.

3.10.1. Explaining Literal comprehension. Literal comprehension is the ability to
understand information stated explicitly in the text. The results from this study show that both

8- and 10-year-old children rely on their working memory to achieve literal comprehension.
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However, 10-year-old children also rely on their cognitive flexibility. This finding partially
supports the hypothesis relating to literal comprehension: as expected, both working memory
and cognitive flexibility predicted literal comprehension. However, contrary to what was
expected, their predictive role to literal comprehension was just as great as their predictive role
in other aspects of comprehension.

Literal comprehension in the younger group of children was significantly predicted by
working memory, accounting for 7% of the variance in this task. To literally comprehend a
text, readers must understand the main ideas presented, based on information stated explicitly
in the text. Thus, in terms of how working memory specifically helps children to do this: based
on the results of this thesis, it seems plausible to suggest that working memory helps children
of this age group to hold in mind information read in one sentence and/or paragraph, while
processing information read from other sentences or paragraphs. Thus, it could be suggested
that 8-year-old children achieve literal comprehension by relying on their working memory
capacity to hold and maintain explicitly stated information across a series of sentences and
paragraphs, thus enabling them to build a full mental model for the text being read.

Literal comprehension in the younger group of children was significantly predicted by
reading fluency accounting for 2% of the variance in this task. To understand the main ideas
presented in the text, the reader must connect different pieces of information from the words,
sentences and paragraphs. Thus, it is plausible that the faster children are able to decode words
the better they can connect words and sentences so as to understand the literal meaning of the
text read.

Literal comprehension in the older group also relied on working memory; however, in
addition, these children also relied on cognitive flexibility. This suggests that the way children
achieve literal comprehension changes between 8 and 10 years of age, with the older children

not only relying on their ability to mentally retain and process information, but also shifting
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attention between different pieces of information in the text to integrate it across different
sections of a text. One possible explanation for this finding is that older children likely employ
a different, higher, standard of coherence as compared to younger children to understand a text.
Standard of coherence refers to the criteria that the reader adopts when attempting to
comprehend the text, reflecting the desired level of understanding of that text (van den Broek,
Bohn-Gettler, Kendeou, Carlson, & White, 2011). Thus the standard of coherence readers set
for themselves when reading a text depends on their specific goals — for example, they might
want to read quickly to just get a basic grasp of the gist of a text, or they might want to take in
every detail, and to focus on following all aspects of the text. The present results are consistent
with the idea that at age 10, children are able to set higher goals for themselves when reading.
The present results are consistent with the idea that when children set a high standard of
coherence for themselves, they rely on their ability to flexibly shift their attention between
different demands of the task. A plausible reason for this could be that 10-year-old children
possess a good level of experience in lower-level comprehension skills, and so have surplus
resources that they can use in other aspects of reading comprehension. Thus, it could be
suggested that due to their better lower-level skills, 10-year-old children may not need to focus
on the word level to the extent that 8-year-old children do, and so can focus their efforts on
building a higher standard of mental model.

3.10.2. Explaining Literal comprehension: The role of moderators. Taken as a
whole, these results indicate that the contribution of working memory in literal comprehension
depends on the reader’s experience in reading fluency, hence their relationship is significantly
moderated by reading fluency. However, this picture changes slightly when breaking the results
down by age. The results also show that while reading fluency significantly moderates the
effect of working memory on literal comprehension at the age of 10, but it does not moderate

the relation between working memory and literal comprehension at the age of 8.Nevertheless
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at the age of 8 reading fluency has a significant direct prediction to literal comprehension,
indicating that the rate at which children decode words determines their ability to literally
comprehend a text, Thus these results suggest that the rate at which children read printed words
determines the contribution of working memory to literal comprehension, regardless of the
high orthographic transparency of the Albanian language. That is, even though reading written
text in the Albanian language entails a regular conversion between the graphemes and
phonemes, the rate at which these children read these words still appears to be effortful for 10-
year-old children. Thus it is likely that children of this age group have to rely on their working
memory to help them to read written words fluently. At the same time, working memory
resources are also needed to achieve literal comprehension, specifically in helping to maintain
and process information from different sentences and paragraphs of the text. Therefore, the
better children’s reading fluency — in other words, the faster children are able to read words in
the text — the more available working memory capacity they have for achieving literal
comprehension. The interaction between reading fluency and working memory in this age
group of children also suggests that for children who have poor working memory, reading
fluency is especially important to help them extract the literal meaning from the text read.
These findings appear somewhat surprising, given that they are found in a language
with a highly transparent orthography. The hypothesis of this thesis was that reading fluency
would not play a moderating role in the relationship between domain-general cognitive skills
and literal comprehension. This hypothesis was based on the idea that when learning to read in
a language with highly transparent orthography, children’s reading fluency becomes
automatized early (around 6 or 7 years of age) because converting graphemes into phonemes
is straightforward. This in turn spares working memory resources to be used for higher-level
comprehension skills. This was what was found in Chrysochoou and colleagues’ (2011) study

with Greek-speaking children, in which there was no mediating role of reading fluency in a
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relationship between working memory and literal comprehension in 8- and 9-year-olds. The
Albanian language, similar to Greek, is a highly transparent orthographic language. We would
therefore expect that Albanian-speaking children would show very good reading fluency in
their early years of education, so the present findings are slightly surprising.

Based on the results of this study, for Albanian-speaking children, reading fluency is
not fully developed by 10 years. One reason for this relatively late development of reading
fluency skills in Albanian-speaking children, as compared to children who speak other
orthographically transparent languages, could be due to their lack of preschool education. A
recent report of early childhood education programs by UNICEF (2019) reported that only
33.9% of 3- to 6- year old Kosovan children attended early childhood education programmes,
compared to an EU average of 80%. Thus it could be that for the majority of Albanian-speaking
children in Kosovo, word recognition skills start later than in other countries: they are only
introduced at the age of 6 (when they start their first year of education). This may consequently
delay their automatization of reading fluency, meaning that reading fluency will continue to
play a role in reading comprehension at a later age than for children who start formal reading
earlier. Future studies comparing Albanian-speaking children with and without preschool
education would clarify further our understanding on this issue. This way we could have a
clearer picture of the role that reading fluency plays in reading comprehension, as well as better
understanding the development of reading fluency itself.

In sum, the data from this study confirm that literal comprehension relies on children’s
working memory capacity, but also on their cognitive flexibility. However, this study also
confirms that there are changes in how literal comprehension is achieved between the ages of
8 and 10 years. At age 8, children rely only on their working memory to maintain and process
information from the text to achieve literal comprehension. Furthermore, to achieve literal

comprehension they also rely on their ability to decode words fluently, although the rate at
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which they decode words does not necessarily affect their working memory to achieve this
task. This reliance on reading fluency plausibly suggests that their reading fluency is not yet
fully developed and due to this for 8-year-old children literal comprehension appears to be an
effortful task. In contrast, 10-year-olds also rely on working memory for literal comprehension
— but their working memory capacity is affected by their reading fluency. This interaction
between reading fluency and working memory suggests that the rate at which 10-year-old
children decode words is crucial for helping children with poor working memory achieve literal
comprehension. Furthermore, these findings also suggest that reading fluency in Albanian-
speaking children does not fully develop at the age of 10.

Another difference between 8- and 10-year-old children may be explained by children
at age 10 employing a higher standard of coherence for text than younger children. To achieve
this goal, they rely on their cognitive flexibility. This higher standard of coherence could
plausibly come about because of their slightly better experience in reading skills. These more
advanced skills allow them to free up cognitive resources, which they use to flexibly switch
their attention between different pieces of information to achieve literal comprehension.

3.10.3. Explaining Necessary inference. Necessary inference is the ability to integrate
information explicitly stated in the text with information that is external to the text, so as to
understand its intended meaning. Results from this study show that both 8- and 10-year-old
children draw necessary inferences from a text by relying on their working memory. However,
10-year-old children also rely on inhibition. These findings are partially consistent with the
hypothesis that working memory and executive functions predict necessary inference (based
on the idea that working memory and executive functions allow readers to integrate information
from the text with their previous knowledge).

Necessary inference in the younger group of children relied on working memory

capacity, with working memory scores accounting for 15% of the variance in necessary
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inference scores. Based on these results, it seems plausible to suggest that the role of working
memory in this aspect of reading is twofold. First, it helps the reader to hold in mind
information read from earlier sentences, while also then processing additional information from
subsequent sentences and paragraphs. Second, it can help them to retrieve information from
their previous knowledge, as required, which can then be integrated with information from the
text to allow them to draw necessary inferences.

Necessary inference in the younger group of children also relied on reading fluency,
indicating that the rate at which children decode words determine their ability to infer the
meaning from the text read. This is not surprising knowing that to generate necessary inferences
the reader must integrate different pieces of information from different sentence and paragraphs
and also integrate this information with what he already knows. Thus, the faster children are
able to decode words the better they can work out the grammar and connect information from
different parts of the text. By doing so the reader then can identify which information must be
retrieved from previous knowledge to understand the implicit meaning from the text read.

Necessary inference in the older group of children also relied on working memory;
however, these children also relied on inhibition (specifically, resistance to proactive
interference scores explained 13% of variance in necessary inference scores). This suggests
that the way children achieve necessary inference develops between 8 and 10 years, with older
children additionally relying on their ability to inhibit irrelevant information. Inhibition, as the
ability to suppress irrelevant information, appears to be particularly important for necessary
inferences, perhaps as it may help readers to suppress information that is not relevant for
extracting the implied meaning of the text. This way inhibition could allow readers to ignore
irrelevant information, and maintain in memory only information that is relevant for the gist of
the story. One possible reason why inhibition is important for 10-year-olds but not 8-year-olds

may be that the older children, who are slightly better readers, may generate and hold in mind
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more ideas and information about the text being read. 10-year-old children may have a lot of
ideas which they build based both on the information read, and also on information stored in
their long-term memory. Thus, when drawing necessary inferences, older children may be
dealing with a larger amount of information about the text, and may accordingly benefit from
using inhibition to suppress information that is not relevant to extract its implied meaning — so
as to allow only relevant information be integrated in the mental model.

Necessary inference in the older group of children also relied on vocabulary knowledge.
These results indicate that the more children are able to identify word meanings the better they
are at integration information to infer the implicit meaning from the text. This is not surprising
knowing that to be able to integrate relevant information from previous knowledge with
explicitly stated information in the text the reader must be able to understand the main ideas of
the text. Therefore, it seems plausible to suggest that the ability to identify the meanings of the
words read is a prerequisite for deeper understanding of the implicit meaning of the text.

The current study used two measures of inhibition. Resistance to Proactive Interference
significantly predicted necessary inference scores, whereas resistance to distractor interference
did not. Based on these results it could be suggested that for 10-year-olds, the role that
inhibition plays is to suppress information that is no longer relevant. It may be that 10-year-
olds retain more of the information they read than 8-year-olds — plausibly due to a greater
memory capacity, or perhaps to a greater ease with reading in general. If these older children
do have more text-related information in mind than younger children, then they may well need
inhibition to suppress information which is no longer relevant for generating necessary
inferences. For example, consider one item from the necessary inference measure: a story about
Alex, a boy who was supposed to say his poem at a school event, but who was feeling tired and
so took a nap. The story went on to mention that when Alex arrived at school later, he saw his

friends leaving school. For this item, children are asked: “How do we know that Alex was late
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for the school event?”. To answer this question, children must infer that Alex knew he was late
for school because when he arrived at the school he saw his friends leaving. However, for this
item there were many other pieces of information presented earlier in the text which could be
related to this question. As such, older children might conceivably try to rely on previous
information — for example, that Alex was late because his bike was damaged on his way to
school, or because his alarm didn’t wake him on time (all factually correct information, but not
the answer to the question asked). Thus, to avoid incorrectly integrating these ideas into their
mental model, older children use inhibition to suppress irrelevant information, ensuring that
they focus only on information relevant to the question asked.

These results also suggest that while older children draw necessary inferences by
relying on their resistance to proactive interference, they don’t seem to rely on their resistance
to distractor inhibition. Based on these data, it seems plausible to suggest that for children of
this age group, information from their previous knowledge doesn’t arise as distracting
information to them. This could be because the information they retrieve from their long-term
memory is specifically implied by the information stated in the text; as such, it makes it easier
for these readers to draw relevant information from their previous knowledge. For example,
consider another item from the necessary inference measure: “Alex was feeling exhausted, and
had to rest. When he woke up, he saw the clock and realized that he was an hour late for
school”. If children are asked “What happened when Alex had a rest?”, then based on the
information explicitly stated in these sentences, children could easily identify that Alex fell
asleep, so that’s why he was late for school. Therefore, the results of this study suggest that
while some inhibition mechanisms are needed to draw necessary inferences, others do not.
Resistance to distractors inference doesn’t appear to underpin the generation of necessary

inferences.
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An alternative interpretation regarding the role of inhibition in inference generation is
that these two tasks are essentially measuring very similar things. In the current study, two
measures of inhibition were used: the Resistance to Proactive interference task, and the Eriksen
flanker task. Because both tasks involve rapidly suppressing interfering information, it could
be that these measures draw on the same inhibition mechanisms in children. To test this
speculation, a further analysis was conducted. It was found that when the Resistance to
Proactive Interference task was removed from the regression, and the Eriksen Flanker task was
added instead, the Flanker task made a significant prediction to necessary inference. (In
addition, Pearson’s correlation showed a positive moderate correlation between the two the
Resistance to Proactive Interference and Eriksen Flanker task.) Based on these analyses, it
may well be that the reason why the Eriksen Flanker task did not predict necessary inference
scores was because the contribution of inhibition was already accounted for by scores on the
Resistance to Proactive interference task.

Taken together, these results suggest that both 8- and 10-year-olds draw necessary
inferences by relying on their working memory and vocabulary knowledge, allowing them to
hold in mind new and old information read from the text, as well as information from their
previous knowledge. Also, to draw necessary inferences, older children rely on inhibition —
perhaps because older children retain more information in mind than younger children, so there
is greater scope for that information to potentially interfere as they construct their mental model
of the text. Therefore, inhibition can help to suppress that extra information, making it easier
for children to draw appropriate necessary inferences.

3.10.4. Explaining Necessary inference: The role of mediators. Reading fluency
plays an important role in drawing necessary inferences around age 8, as the present results
show that it moderates the contribution of working memory. However, this is no longer the

case around age 10. Instead, at this age, the relationship between working memory and
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necessary inferences is significantly moderated by vocabulary knowledge. Based on these
results, it seems plausible to suggest that 8-year-olds’ reading fluency is still developing, and
so to frequently identify printed words, these children have to use extra working memory
capacity. Thus, it is likely that the faster these children are able to read words, the more spare
working memory capacity they have available — spare capacity that can be used generate
necessary inferences.

For older children, vocabulary knowledge significantly moderated the relationship
between working memory and necessary inference. There are two plausible accounts to explain
the role that vocabulary knowledge plays. First, it may be that vocabulary knowledge doesn’t
just allow readers to identify the meaning of the words they read — it also allows readers to
connect the semantic meanings of the words they read, so as to be able to work out the meaning
of any words they don’t understand. This would be important, because even if a child did not
know the meaning of a particular word, they might nevertheless be able to work out its meaning
from their knowledge of the words around it. To consider the example given by Cain et al.
(2013): “Kevlar is an ideal material for making sails”. If readers do not know the word
‘Kevlar’, they can still acquire some information about its qualities from the text, since the text
says that it is a material used to make sails. By combining the meaning of the related words
“material”, “boats” and ‘sails”, and relying on their general knowledge about materials used
for sails, then you might conclude that such material should be both strong and light. Therefore,
readers will infer that Kevlar is a material that is likely to have these qualities.

Thus, children with larger vocabularies may be better able to draw inferences, because
they are likely to have rich and well-connected semantic representations of words, which can
provide the foundation for inference making. On the other hand, children with poorer
vocabulary knowledge require more working memory capacity to compensate for their poorer

understanding of word meanings. Thus in the example given in the previous sections, for
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children to be able to understand what happened when Alex had a rest, children could use their
vocabulary knowledge to connect the meanings of the following words: “rest”, “exhausted”,
“woke up” — and identify the word they need to use in order to draw the necessary inference
(i.e. Alex slept).

The second account to explain the moderating role of vocabulary knowledge in the
relationship between working memory and necessary inference assumes that vocabulary scores
also correlate with other language skills. The measure of receptive vocabulary used in this
study, the British Picture Vocabulary Scale, has also been found to predict children’s
performance on general language skills such as grammatical knowledge and lexical
organization (e.g. Lee, 2011; Moyle, Weismer, Evans, & Lindstrom, 2007). Thus it could
plausibly be suggested that it’s not children’s vocabulary itself that is crucial for drawing
inferences, but rather that children’s performance on the BPVS task may reflect their broader
language ability — and it is this general linguistic ability that is the crucial determiner of how
well children can draw inferences. For example, children with better understanding of syntax
may be better able to correctly follow the structure of a sentence, which may be crucial to
understanding the meaning of a text. Better syntactic understanding would likely also help
readers to further connect meanings between different events across the text. Thus, the apparent
mediating role of vocabulary knowledge in the relationship between working memory and
necessary inferences could in fact be a reflection of the importance of linguistic ability in
general in drawing necessary inferences. Future studies aiming to understand the cognitive
processes involved in necessary inferences should consider using other measures of linguistic
skills in order to test this account, and to identify the direct and indirect contribution it may
play to this aspect of reading comprehension.

In sum, this study confirms that drawing necessary inferences is significantly

underpinned by executive functions, with both 8- and 10-year-olds relying on working
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memory, and 10-year-olds relying also on their inhibition. Based on these results it could be
suggested that at the age of 8, inferences are drawn by children using their working memory to
hold in mind information previously read, and/or drawn from their own knowledge, and to
integrate that information with new knowledge read from the text. Additionally, the moderating
role of reading fluency suggests that children who identify printed words more efficiently can
devote more resources to drawing inferences. By the age of 10, children continue to rely on
their working memory to draw necessary inferences; however, they also use inhibition,
potentially to help them to cope with the additional amount of information they are able to hold
in mind, by suppressing information that is not relevant. Moreover, for 10-year-olds, the
influence of working memory to necessary inference is moderated by vocabulary knowledge,
possibly reflecting the importance of having good semantic representations, or possibly
reflecting the broader importance of good language skills in general in drawing necessary
inferences.

3.10.5. Explaining Simile comprehension. Simile comprehension is the skill that
enables a reader to understand and interpret figurative language. Because the words that
express a simile are not meant to convey their literal meaning, the reader cannot simply
interpret these words at face value. Instead, the reader needs to recognize that language has
been used in a non-literal way, and must then interpret that language appropriately. The present
results show that simile comprehension is underpinned by both working memory and
inhibition. The results also show that while inhibition significantly predicts simile
comprehension for both 8- and 10-year-olds, the two groups use different inhibition
mechanisms to achieve simile comprehension.

The present findings show that simile comprehension relies, in part, on working
memory capacity. This is perhaps not surprising. It would seem plausible to suggest that the

role of working memory in simile comprehension is to help readers hold in memory the
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narrative, while they pause briefly to interpret the non-literal language of the simile, and then
resume the narrative from where they left off. Therefore, working memory helps readers to
comprehend the simile, by ensuring that key information about the main narrative is retained,
while figurative or other non-literal text is interpreted appropriately. Children with greater
working memory capacity are better able to cope with the additional demands of resolving non-
literal language than children with lesser working memory capacity.

Simile comprehension was also significantly predicted by inhibition — however,
different measures of inhibition predicted simile comprehension at different ages. Taken
together, these findings imply that suppressing irrelevant information is an important part of
understanding similes while reading. In the current study, 8-year-olds’ simile comprehension
was predicted by their resistance to distractor interference. This finding plausibly suggests that
when interpreting a simile, children must ignore information relating to the /iteral meaning of

a simile, in order to be able to attend to the aspect of the simile that relates to the main narrative.

For example, in one of the stories presented to the children of this study comprised the
following simile: “Alex was feeling like a dead body”. When children retrieve information
from their long-term memory related to “dead bodies”, much of this information is unlikely to
be relevant to the overall meaning of the text being read. For example, the knowledge that dead
bodies should be buried would be relevant for a literal consideration of dead bodies, but would
not help with — and would likely distract from — understanding the main meaning of the text
(that Alex was extremely tired). Thus, the better able children are to suppress literal but

irrelevant information of the simile, the better they can understand its intended meaning.
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Conversely, 10-year-old children appear to rely on a different inhibition mechanism to
achieve simile comprehension, namely resistance to proactive interference. This would suggest
that when 10-year-olds encounter a simile, they suppress information they have previously read
in the text. In other words, to comprehend the simile, they not only rely on their previous
knowledge, but also on information they have read in previous paragraphs of the text. However,
after running further regression analyses, it was found out that when the Eriksen Flanker task
was entered alone in the model, it significantly predicted simile comprehension. And when the
Resistance to Proactive Interference task was added to the model and the Eriksen Flanker task
removed, Resistance to Proactive Interference was found to significantly predict simile
comprehension. Therefore, it may be that the two distinct inhibition measures used in this study
in fact tap fundamentally similar aspects of cognition. Performance on the two tasks moderately
correlates (with a correlation coefficient of .34), consistent with the idea that these two
inhibition tasks may be measuring the same thing.

3.10.6. Explaining Simile comprehension: The role of mediators. The current data
show that in the younger group of children none of the moderators interacted with working
memory and inhibition in predicting simile comprehension. However, in the older group of
children, non-verbal intelligence significantly interacted with resistance to proactive
interference in predicting simile comprehension. The role of non-verbal intelligence here could
be explained in terms of the role that intelligence plays in reader’s cognition in general.
Specifically, intelligence can help readers to identify relevant relationships, similarities and
differences between information they encounter. Thus, when trying to comprehend similes, it
is possible that intelligence helped children to identify relevant relationships between
information presented in the text and information drawn from their previous knowledge.
Intelligence may especially help children with poor inhibition in their attempt to interpret the

simile. For example, to interpret the simile ““ Alex was feeling like a dead body *, children are
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likely to compare explicitly stated information about Alex (e.g. he was tired, he went to bed
late, he had to say a poem in school early morning) and what they know about dead bodies (e.g.
they do not move, they should be buried) so as to understand the simile. Thus, it could be that
non-verbal intelligence allows them to compare the differences and similarities between these
concepts so as to pull out only relevant points of comparison in order to understand the simile
(that Alex was feeling very tired). Therefore, the better 10-year-old children are able to
recognize contextual connections between information presented in the text with their previous
knowledge, the better can they suppress information which may otherwise damage the accurate
comprehension of a simile.

Alternatively, or in addition, intelligence may help children to realize when a non-literal
reading of a text is appropriate — or in other words, it may help them to identify similes and
other figurative language ore easily. Whatever the precise reason, the present results, indicate
that intelligence plays an important role for 10-year-olds when it comes to comprehending
similes.

In sum, these results demonstrate that to achieve simile comprehension, both working
memory and inhibition play a role. Both 8 and 10-year-olds rely on working memory likely to
ensure the key information about the narrative is retained, while figurative or other non-literal
is interpreted appropriately. Furthermore, children also rely on inhibition, likely to suppress
information that is not relevant for comprehension of the simile — perhaps information that is
related to a literal interpretation of the simile. For 10-year-olds, the relationship between
inhibition and simile comprehension is moderated by non-verbal intelligence. It may be that
intelligence — or the ability to identify abstract patterns and relationships — may be vital
especially in children with poor inhibition to allow them to better understand which information

in the simile is relevant to the main text, and which information is not.
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3.10.7. Explaining Elaborative inference. Elaborative inferences are inferences that
are not necessary to understand the basic informational content of the text, but which enrich
the mental model by providing additional contextual information. To draw elaborative
inferences, readers have to integrate information presented in the text with information from
their previous knowledge which is not implied by specific words in the text. The present results
show that drawing elaborative inferences is significantly predicted by updating, working
memory, cognitive flexibility but also by reading fluency and vocabulary knowledge.
However, the precise contributions of these skills differ as a function of age. For 8-year-old
children, the ability to generate elaborative inferences is significantly predicted by updating,
reading fluency and vocabulary knowledge. However, for 10-year-old children, the ability to
generate elaborative inference is significantly predicted both by working memory and by
cognitive flexibility.

For 8-year-olds, the ability to draw elaborative inferences was significantly
underpinned by updating. This suggests that when they draw elaborative inferences, children
of this age do so by revising information stored in working memory to incorporate newly read
information. To draw elaborative inferences, children typically rely on their prior knowledge
to come up with information that is not stated by the text, but is nevertheless important for
enriching the context of the text. For example, consider the following story, taken from the
measures of elaborative inference: “Alex was riding his bike to school — but he came across
some broken glass, and had to walk to school afterwards ”. The children are asked the question
“Why did Alex have to walk the rest of the way to school?”. To reach the correct answer,
children are expected to infer that because Alex came across broken glass, he must have
damaged his bike tire, meaning that he couldn’t ride his bike anymore, and therefore had to

walk afterwards. Thus, in this example, to draw an elaborative inference, children need to
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integrate information explicitly stated — “he came across some broken glass” — and combine it
with their prior knowledge — in this instance, the knowledge that broken glass is very sharp,
and can damage a bike’s tires. Therefore, based on the results of this study it seems plausible
to suggest that when drawing elaborative inferences, children rely on their updating to update
their mental model of the text in the light of relevant information retrieved from their prior
knowledge.

Elaborative inference in younger group of children was significantly predicted by
reading fluency and vocabulary knowledge. These results indicate that to generate this type of
inferences children must have be able to decode words quickly and accurately as well as
identify their meanings. It is therefore plausible that the faster children can decode words the
better they can work out the grammatical structure of the sentences and paragraphs and
accurately understand the explicitly stated information. Also, identifying the meaning of the
words read in different sentences and paragraphs would allow these children to identify this
information with information from previous knowledge. Therefore, the current data suggest
that the ability to decode words quickly and accurately and understand their meanings
determines the ability of 8-year-old children to generate elaborative inferences.

For 10-year-olds, drawing elaborative inferences relied on working memory, but also
on cognitive flexibility. To draw elaborative inferences, children need to integrate information
presented in the text with relevant information from their previous knowledge. Thus, it seems
plausible to suggest that for 10-year-olds, this function is served by working memory. The
involvement of children’s ability to flexibly shift attention in the task may be because drawing
elaborative inferences requires children to retrieve from prior knowledge information that is
not implied by the text but is important for enriching the context of the text. Because the
information that must be retrieved from long-term memory is not signalled by a single word in

the text then children may need to concurrently monitor the information deriving from their
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long-term memory and only select the relevant information so as to accurately enrich their
mental model of the text. Therefore, cognitive flexibility may be what allows them to switch
from their mental model to their retrieved information from long-term memory.

3.10.8. Explaining elaborative inference: The role of moderators. The current data show
that none of the moderating variables significantly moderates working memory, updating and
cognitive flexibility in their prediction to elaborative inferences. These results indicate that
while reading fluency and vocabulary are important for 8-year-old children to be able to
generate elaborative inference, these skills do not interact with working memory nor with
executive functions. Therefore, it is plausible to suggest that while reading fluency and
vocabulary knowledge experience of children of both age groups is sufficient to allow them to
use their working memory and executive functions to draw elaborative inference, this
experience determines integration of information needed for elaborative inferences.

3.10.9. Explaining Comprehension control. Comprehension control requires readers
to monitor and evaluate their mental model of a text as they read it, in order to be able to
identify any inconsistencies and remedy them. The present results show that comprehension
control is significantly predicted by working memory, updating, and cognitive flexibility.
Specifically, to achieve comprehension control, 8-year-olds rely on cognitive flexibility.
Conversely, 10-year-olds rely on cognitive flexibility, but they also use working memory as
well as updating to achieve this task.

Comprehension control in 8-year-olds was predicted by their cognitive flexibility
explaining 4% of the variance in this task. A crucial aspect of controlling comprehension is to
evaluate one’s understanding of the text, in order to be able to correct any inconsistencies that
may have occurred. Based on these results, it may be that children of this age group use their
cognitive flexibility to help them to monitor the quality of their mental model, by switching

back and forth between two different perspectives — one being the mental model they are
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building about the text, and the other being the text itself, which continues to provide new
information as they read. If any differences or inconsistencies are noted between the two
perspectives, the child will know that their mental model needs to be corrected. In this way,
cognitive flexibility plausibly provides an essential support for comprehension control,
allowing children to accurately identify the inconsistencies in their mental model as they build
it and take actions to remedy them, For example, consider the following story taken from the
comprehension control measure: “Alex waited until he was alone in the house... He pushed a
chair in front of the sink. Like an acrobat, Alex reached the biscuit tin. The tin was behind the
sugar. Alexis stretched and managed to lift the lid up. As he reached inside the tin, the door
opened. There stood his sister smiling at him. However, Alexis’s face looked like a lemon™.
For this story, children are asked “Why was the boy happy when he saw his sister?”. To respond
correctly, children must be able to identify the inconsistency in the question. In other words,
they need to be able to identify the mismatch between what they read in the question, and their
mental model of the text: that the boy was not happy, but upset that his plan to secretly take a
biscuit had been discovered. Then, they need to provide an answer to the corrected question —
that the boy was not happy to see his sister, but rather upset, because she had caught him
secretly trying to take a biscuit. Based on these results, it seems plausible to suggest that to
maintain good comprehension control, 8-year-olds must perform several tasks at once and so
they need to use their cognitive flexibility to monitor the text as they read it and in cases where
a mismatch is identified between the text and the mental model, children also need to be able
to identify where the error has come from, and work out how to make an appropriate repair to
fix the inconsistencies. To achieve this, cognitive flexibility is likely to be particularly
important.

Comprehension control in 10-year-olds relied on cognitive flexibility, and also on

working memory capacity and updating. The data show that the contribution of cognitive
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flexibility remains constant between 8 years and 10 years. However, working memory and
updating only emerge as significant predictors of comprehension control around the age of 10
years; they do not appear to be important for comprehension control in 8-year-olds. Why is it
that 10-year-olds and 8-year-olds differ in this regard? One possible explanation is that because
older children have slightly more experience in reading than younger children, they also
possess more concepts derived from both the information they read and their previous
knowledge. Thus in an attempt to evaluate their mental model and fix any inconsistent
information, older children develop a richer and more complex mental model for the text than
younger children. Therefore, this complexity of the mental model places greater cognitive
demands on monitoring processes, and so there is a greater role to be played by working
memory and updating. This suggestion would be consistent with the idea that 10-year-olds
have a higher standard of coherence than §-year-olds, and that the richer and more detailed

mental model that they build then takes more effort to monitor for consistency and accuracy.

Explaining Comprehension control: The role of moderators. The current study shows that
in the younger group of children, none of the moderating variables moderate the relationship
between cognitive flexibility and comprehension control. These results indicate that the rate at
which 8-year-old children decode does not determine the relationship between cognitive

flexibility and comprehension control.

The results of this study show that in the older group of children, reading fluency plays
a significant moderating role in the contribution made by working memory. How specifically
might reading fluency contribute to comprehension control? To control their own
comprehension, children must evaluate their own understanding of the text as they build their
mental model; in addition, they must fix any inconsistencies in their understanding as they
occur. This process requires an ongoing monitoring of the child’s mental model as it is updated
in real time, in the light of new information being constantly read. Both because of its ongoing
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nature over time, and because comprehension control is a particularly effortful process for
children who are learning to read, it is a cognitively demanding process. Thus, the more
available cognitive resources children have to achieve this task, the better they will be able to
ensure the integrity and accuracy of their mental model. Thus, reading fluency may well play
a vital role in helping these readers to use their working memory efficiently: the better children
are able to identify words, the less resource-demanding the process of decoding a word’s
written form will be, and the more resources will be available for other aspects of reading
comprehension. Thus, it could be that for both older children, the more easily they can identify
the written form of a word, the more cognitive resources are available to use to monitor and

repair their mental model of the text.

Why did then reading fluency only occurred as a moderating variable in the relationship
between working memory and comprehension control in the older group of children but not in
younger group of children? Perhaps because older children have a higher standard of coherence
and thus tend to retrieve more information from their previous knowledge and from previous
text. To do that they need to have more spared working memory resource which could not be

available if the same children are using it to decode words.

The current data also show that non-verbal intelligence significantly interacted with
working memory to predict comprehension control in the older group of children. These
findings indicate that intelligence may in particular help children with poor working memory
in controlling their comprehension. Because for children who are better at recognizing
difference and similarities among the information presented in the text and the information in
their mental model would help them easily use their working memory content to detect any
inconsistencies and also take certain steps to remedy them. Furthermore, non-verbal

intelligence could be more important for older children as compared to younger children
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plausibly because older children have a higher standard of coherence and tend to retrieve more
information from their previous knowledge and from previous text. To do that they need to
have more spared working memory resource which could not be available if the same children
are ot able to recognize the similarities and differences between different pieces of information

during comprehension control

Taken together, the results of this study suggest that to achieve comprehension control,
8-year-old children use their cognitive flexibility to monitor the quality of their mental model
by switching back and forth between their mental model they are building about the text and
the text itself and also to fix any inconsistencies encountered. Conversely, 10-year-old children
also use their cognitive flexibility to switch their attention between the text being read, and
their mental model of that text —but they also rely on their working memory capacity and
updating to succeed in this task. Their reliance on working memory as well as updating seems
likely to be due to their need to hold and select, among many ideas, those that are relevant to
the task. Finally, it seems likely that reading fluency plays an important role in helping readers
of the older group of children to preserve their limited cognitive resources, in that the fewer
resources children spend on decoding a word, the more resources they are able to devote to
comprehension control, and therefore to ensuring the quality and integrity of their mental
model of the text. Also, it seems that the better children are at recognizing logical patterns and
combining them correctly the more working memory resources they will have for controlling

their comprehension for the text read.

3.10.10. The role of orthographic transparency. One of the most surprising
observations from this study is that reading fluency plays a significant predictive role, and in
some cases, a significant moderating role in the relationship between domain-general skills and

all five higher-level comprehension skills. This finding goes against the original hypothesis
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regarding the role of reading fluency in reading comprehension in Albanian-speaking children.
To recap, it was expected that reading fluency would not play a major role in any aspect of
reading comprehension, for the reason that Albanian is a language that has a highly transparent
orthography — and as such, we would expect it to be much easier for children to decode the
written form of words, because of the highly predictable grapheme-phoneme correspondences
in Albanian. That being the case, one might expect individual differences in reading fluency to
be much less important than in languages with more opaque orthographies. Contrary to this
expectation, however, the results showed that reading fluency played an important moderating
role in helping readers use their domain-general cognitive skills to assist in comprehending
written text. Furthermore, the data also revealed that the role of reading fluency to reading
comprehension changes with age. Focusing on the role of reading fluency in particular can
shed light on how reading comprehension emerges in a language with highly transparent
orthography. It is this matter that will be discussed in this section.

There are two main findings from this study relating to the role of reading fluency in
an orthographically transparent language. First, the results show that individual differences in
reading fluency account for significant variance in measures of higher-level reading
comprehension in both age groups of children. The second main finding suggests that reading
fluency plays a moderating role in some aspects of reading comprehension, but not all. In the
current study, the moderating role of reading fluency is present around age 8, helping in
necessary inference (that is, tasks involving integration of information from the text with
reader’s previous knowledge. However, by around the age of 10, reading fluency emerges its
moderating role only in literal comprehension (that is the task that involves extraction of
explicitly stated information in the text) as well as in comprehension control (that is the task
that involves monitoring and evaluation of the mental model as well as remedy of

inconsistencies encountered in the text).. These results suggest reading fluency continues to
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play an important role in reading comprehension between the age of 8 and 10, however its role
decreases in some tasks but emerges in some other tasks.

It is noteworthy that for 10-year-olds, reading fluency moderates the relationship
between reading comprehension and domain-general skills. The previous literature suggests
that in languages with transparent orthographies, reading fluency doesn 't contribute to reading
comprehension at the age of 10 (possibly because in languages with highly regular conversion
between graphemes and phonemes, the pronunciation of each letter of the alphabet is almost
always the same irrespective of the word they appear in, leading to a rapid automatization of
reading accuracy in children). Thus it is surprising to see reading fluency playing an important
role in reading comprehension at this age. There are two possible explanations for this.

First, we know that reading fluency describes children’s ability to read words quickly
and accurately. To develop good reading fluency, children need to gain quite extensive
experience in reading words letter by letter, before they are able to identify words by
recognition (a quicker and a more efficient route than letter-by-letter reading). It is a basic
truism of reading that initial attempts to decode words tend to be slow and hesitant, but that
with continued experience of reading, this process becomes faster and easier, until eventually
becoming automatized in fluent readers. In languages with transparent orthographies, this
process happens more quickly than in languages with opaque orthographies, due to the smaller
number of words that don’t adhere to regular grapheme-phoneme correspondence rules. So for
this reason, we might expect orthographically transparent languages to rely on reading fluency
much less. Arguably, we might also expect the contribution of reading fluency to reading
comprehension in general to decrease and stop at an earlier age in transparent than in opaque
orthographies. However, for Albanian-speaking children specifically, the developmental
course of reading fluency could very well be much longer than in other orthographically

transparent languages — because of a relative lack of preschool education. The majority of
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Kosovan children start their formal education without having attended preschools, and without
receiving a preschool education of any kind. Therefore, most 6-year-old children in Kosovo
enter school with little or no letter- or written-word awareness. For these children, word
recognition skills are only introduced at around the age of 6. Thus, it could be that these
children do not manage to automatize these fundamental reading skills until their late
childhood. If this were the case, then it would follow that for a 10-year - old Albanian-speaking
child in Kosovo, his/her levels of reading fluency would still play a role in reading
comprehension, since not all children would have attained automaticity in their reading skills.
For children with better reading fluency, they would have additional cognitive resources to use
for higher-level reading skills; but for children with poorer reading fluency, those cognitive
resources would still be needed to help with decoding words. Thus, while the Albanian
language has a transparent orthography, the benefits of that transparency may be offset by
slower-developing reading fluency arising as a consequence of a lack of preschool education,
and, therefore, a consequent delay in basic reading skills.

A further factor to consider is that reading fluency is known to be associated with
motivation for reading (e.g. Meyer & Felton, 1999). That means that the slower the
developmental course of reading fluency, the less motivated children would be to read. For
many children, reading is an effortful thing to do, particularly in the early years of reading, and
to achieve this goal they need to put a lot of effort into deploying their domain-general cognitive
skills for building their mental model for the text. However, children with poor reading fluency
— that is, children who read printed words more slowly — may find reading harder, and therefore
they may be less motivated to persist with reading. Therefore, future research could further
contribute to our understanding of the role reading fluency plays by also including measures

of motivation, to allow these distinct possible contributory factors to be confounded.
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The second possible explanation for the moderating role of reading fluency in older
children relates to the grammatical structure of a language. Specifically, when reading written
texts, children are not simply focusing on language at the level of individual words. They are
also having to follow and engage with other aspects of language, including syntax and
pragmatics. They must be aware of the need to segment sentences into appropriate phrases, and
to use information from the grammatical structure of a sentence to inform their interpretation
of the meaning of the text — these are all crucial components of the qualitative aspect of their
reading fluency. A noteworthy aspect of the Albanian language is that while its orthography is
straightforward, its syntax is often much less so. Frequently it can involve long subordinate
clauses. In addition, in order to fully understand a written text, children must also be aware of
the five different tenses of Albanian grammar, two different voices and five moods (Hoxhallari,
2006). Therefore, it could be suggested that while the orthography of Albanian is highly
transparent, it may nevertheless be premature to characterize Albanian as a relatively easy
language for young readers. Thus, for children learning to read in Albanian, the long
developmental course of reading fluency could also occur due to the complex structure of
grammar of the language, especially for those children who were introduced to these
complexities only at the age of 6 in the first grade of schooling. Therefore, a future question to
address is whether it is easier to read efficiently in a language with opaque orthography but
simple grammatical structures, or in languages with transparent orthography but complex
grammatical structures. To answer this question, it seems necessary to test grammar skills
alongside reading fluency in languages with different orthographic depths, which also have
grammars with different levels of difficulty, so as to be able to have a clearer picture of what
impact it can have on reading fluency and on reading comprehension in general.

In sum, for Albanian-speaking children, reading fluency plays an important role in

reading, specifically by helping them to use their working memory and executive functions
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efficiently to comprehend text. This is true for both age groups of children tested in this study.
These results suggest that the developmental course of reading fluency in Albanian-speaking
children is long, regardless of the orthographic transparency of the language. Reading fluency
in Albanian-speaking children does not appear to be fully developed by 8 years, and it continues
to develop by 10 years. Due to this protracted development, it seems that children must devote
cognitive resources to efficiently reading printed words, which limits the resources available
for higher-level reading comprehension. This delay in reading fluency development could
likely be offset if levels of preschool education were to be increased.

3.10.11. Conclusion. In conclusion, there are three main findings to be drawn
from the current study. The first finding is that domain-general cognitive skills play a vital role
in all aspects of reading comprehension for 8- to 10-year-old children. Specifically, all five
higher-level comprehension skills of interest to this thesis were shown to be underpinned by
working memory and executive functions. Based on the supporting role played by domain-
general skills, it’s possible to categorize these higher-level reading skills into three groups.
First, literal comprehension was found to be underpinned by (i) working memory and (ii)
cognitive flexibility. Second, necessary inference and simile comprehension were both found
to be underpinned by (i) working memory and (ii) inhibition. Third, generation of elaborative
inferences and comprehension control were found to be underpinned by (i) working memory
and (ii) and three core executive functions.

The second finding of this study is that the contribution of working memory and
executive functions to higher-level comprehension skills changes as a function of age. Working
memory and executive functions play more of a role in higher-level comprehension skills in
10-year-old children as compared to 8-year-old children. The contribution of working memory
and executive functions to literal comprehension, necessary inference, elaborative inference

and comprehension control increased with age, and the contribution of working memory and
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inhibition to simile comprehension remained constant. This developmental change may reflect
a tendency for older children to adopt a higher standard of coherence, as their improving
reading skills lead to increased expectations for how deeply they should engage with a text.
The third finding of this study is that reading fluency plays an important role in reading
comprehension, plausibly by helping children save cognitive resources for achieving higher-
level comprehension skills. However, the contribution of reading fluency decreases in
necessary inferences as children get older. Nevertheless, it emerges to contribute to literal
comprehension and comprehension control at 10 years of age. This is a surprising finding given
the highly transparent orthography of the Albanian language. It would suggest that when
considering how the specific features of a language affect the development of reading skills in
that language, it is not enough to focus solely on orthographic transparency. Rather, it is
possible that syntactic complexity will also play a role. Whether in the case of Albanian-
speaking children the difficulties arising from the language’s syntactic complexity could be
offset by an earlier start in reading — such as is seen in preschool reading interventions —

remains a question for future research to address.
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Chapter 4: General discussion

The objective of this thesis was to better understand how reading comprehension
happens in children, and in this attempt it asked two main research questions. The first question
was to study the relationship between domain-general cognitive skills and the five higher-level
reading comprehension skills at a crucial period of development — the time when children are
becoming independent readers (8 to 10 years of age). The second question was to examine to
what extent these relationships are moderated by lower-level comprehension skills, in a
language with a transparent orthography (specifically the Albanian language).

To address these two research questions, two experiments were run. The first
experiment was a pilot study, aimed at developing appropriate measures for testing reading
comprehension in Albanian, as few such measures existed. The second experiment directly
addressed the two main research questions of this thesis. The novel contribution of this research
is that unlike previous studies, it i) looked at all five higher-level comprehension skills
separately, and their relationship to domain-general cognitive skills; ii) it examined domain-
general cognitive skills simultaneously, rather than in isolation, in order to better account for
shared variance; iii) it considered the moderating role of lower-level comprehension skills in
these relationships; and iv) it provided valuable insight on how reading comprehension is
achieved in a language with transparent orthography.

Table 15. Summary of the main results in chapter three regarding the predictors and

moderators of each higher-level comprehension skill by age group.

Dependent variable Age group Significant Significant

Predictors Interactions

165



Literal Younger Working Memory -
comprehension
Older Working Memory Moderated by Reading fluency
Necessary Younger Working Memory Moderated by Reading fluency
Inference Reading fluency
Older Working Memory Moderated by Vocabulary knowledge
Resistance to PI
Vocabulary knowledge
Elaborative Younger Updating -
inference Reading fluency
Vocabulary knowledge
Older Working Memory -
Cognitive flexibility
Simile Younger Working Memory -
comprehension Inhibition (RDI)
Older Working Memory
Inhibition (PI) Moderated by non-verbal intelligence
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Non-verbal Intelligence

Comprehension Younger Cognitive flexibility -
control
Older Cognitive flexibility
Working memory Moderated by Reading fluency
Moderated by non-verbal intelligence
Updating

Note. Inhibition (PI)= Resistance to Proactive Interference; Inhibition (RDI)= Resistance to Distractor
Interference.

The current data suggest that each of the five higher-level comprehension skills (i.e.
literal comprehension, necessary inference, elaborative inference, simile comprehension and
comprehension control) are substantially underpinned by domain-general cognitive skills. The
findings show that the relationship between domain-general cognitive skills and higher-level
comprehension skills changes between the ages of 8 and 10 years. While 8-year-old children
mainly rely on their working memory to support their reading comprehension, 10-year-old
children rely on a much wider variety of domain-general skills — possibly because as children
get older and more adept at reading, they accordingly raise their standard of coherence,
meaning that reading becomes both more challenging, but also more rewarding.

In relation to the second question of this thesis, the study shows that reading fluency
plays an important role in how domain-general cognitive skills support reading. Reading
fluency moderates the relationship between working memory and necessary inferences in 8-
year-old children; the moderating role of reading fluency emerges in 10-year-old children in
literal comprehension and comprehension control The importance of reading fluency to
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reading comprehension in Albanian-speaking children is surprising, since findings from other
languages indicate that the importance of reading fluency declines with age, and is typically
not an important factor in reading for 10-year-olds in many languages (Ellis & Hooper, 2001;
Frith, et al., 1998; Seymour et al., 2003; Wimmer & Goswami, 1994). The findings of the
present thesis may be attributable to two distinct factors: first, a lack of preschool education for
the children who took part in these studies. As a consequence, word recognition skills are
introduced to these children much later in their development than is typical in other countries.
Second, the complex grammatical structure of Albanian could be an important consideration
in the development of reading fluency skills. The characteristics of long words and complex

sentences in Albanian may very well make reading fluency more effortful in children.

From a broader point of view, three major findings are identified from this thesis. The
first finding concerns similarities and differences in how the separate higher-level
comprehension skills rely on domain-general cognitive skills. The second finding concerns
developments in reading-related cognition between the ages of 8 and 10 years. The third finding
concerns the role that reading fluency plays during this period.

The first finding of this thesis reveals the similarities and differences between the ways
that the five higher-level comprehension skills are supported by domain-general processes. The
most notable similarity between the five higher-level comprehension skills is that all rely, to
some extent, on working memory: in the current thesis, working memory significantly
predicted all five higher-level comprehension skills. This is not entirely surprising. These
results indicate that the ability to maintain existing information about a text while
simultaneously processing new information about it is crucial to helping readers construct a

successful mental model for the text. Therefore, the current thesis suggests that even though
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the five higher-level comprehension skills are importantly different from each other, they
nevertheless all rely on working memory.

This finding is broadly in line with the majority of studies demonstrating that working
memory plays a key role in supporting reading comprehension in general (Cain, 2006; Cain et
al., 2004; Christopher et al., 2013; Goff, Pratt, & Ong, 2005; Oakhill, 1993; Swanson, 1999;
Yuill, Oakhill, & Parkin, 1989). However, the current results do not completely match up with
results from the existing literature when it comes to explaining each of the five higher-level
comprehension skills. Specifically, the present findings appear to corroborate earlier studies
looking at inference generation and comprehension control, but not those looking at literal
comprehension and simile comprehension.

In general, previous work looking at inference generation has shown that this skill is
significantly predicted by working memory (e.g. Currie & Cain, 2015; Potocki et al., 2017).
This is in line with the current findings. Inference generation as a whole comprises separable
aspects, namely necessary inference and elaborative inference. Each of these skills have been
reported to be significantly predicted by working memory (Currie & Cain, 2015; Chrysochoou
et al., 2011). The findings from the present thesis provide further support for this view, and
show both that this finding is robust, and can be extended to Albanian readers.

For comprehension control, the present findings also support prior research. They are
broadly in line with data reported in the study of Chrysochoou and colleagues (2011)
demonstrating that working memory is an important predictor of comprehension control. Thus,
this replication of the findings that working memory is a significant predictor to necessary
inference, elaborative inference and comprehension control shows that this finding is robust.

In contrast, the present findings regarding literal comprehension contrast with findings
from the existing literature (e.g. Chrysochoou et al., 2011; Potocki et al., 2017; Silva & Cain,

2015). For example, Chrysochoou and colleagues (2011) found no significant relationship
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between working memory and literal comprehension in a study with 8- and 9-year-old children.
Similarly, Potocki and colleagues (2017) reported no significant relationship between working
memory and literal comprehension in 10-year-old children. The age groups from these two
studies are very similar to the children tested in Chapter 3, and one might therefore expect to
see similar results. However, the results from Chapter 3 suggest that working memory is crucial
to literal comprehension. One possible interpretation for this difference could be the level of
experience these children have in basic reading skills. In the study of Chrysochoou and
colleagues (2011), testing Greek-speaking children, reading fluency skill did not mediate any
of the associations between higher-level comprehension skills and working memory. Thus it
could be that because Greek-children had good levels of reading fluency, they had sufficient
cognitive resources to successfully extract the literal meaning. In contrast, the findings of the
current thesis indicated that Albanian-speaking children had less well developed reading
fluency, and as a consequence may have needed to devote additional cognitive resources to
identifying the written form of words. Thus it could be that because of the late development of
reading fluency skills for Albanian-speaking-children, working memory significantly predicted
literal comprehension.

Furthermore, the finding from the present study that working memory significantly
predicted simile comprehension is also inconsistent with results reported in the study of
Chrysochoou and colleagues (2011). In this study, measures of working memory did not predict
performance in simile comprehension in 8- and 9-year-old children. Again, this reflects a
surprising difference between findings from the present study and those reported in the
previous literature. However, it should be noted that there are important methodological
differences between these studies. Notably, there are differences in the structure of the simile
comprehension questions used. In the current study, children were asked to produce the simile.

For example, they were asked: “In what way did Alex manage to reach the biscuit tin?”, and
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were expected to respond that Alex reached the tin like an acrobat. In contrast, in the study of
Chrysochoou and colleagues (2011), children were asked to interpret the meaning of the simile.
For example, children were asked: “Like an acrobat, Alexis reached the biscuit tin — what does
this mean?”. Thus it could be that the ability to produce a simile requires extra support from
working memory, whereas interpreting a simile does not. If this were the case, then it would
suggest that working memory provides the means for children to produce similes, but not to

interpret them.

This thesis also demonstrates other similarities between higher-level comprehension
skills when it comes to the supporting contributions made by executive functions. Both
necessary inference and simile comprehension were supported by working memory and
inhibition. This would suggest that these two skills share important commonalities in how they
are achieved. Based on the present results, it would appear that both higher-level skills share
the requirements that (i) readers keep track of the text as they read it, while simultaneously (ii)
retrieving necessary information from their prior knowledge, in order (iii) to make sense of an
unusual or discrepant part of the text (such as a point in a story where the reader has to draw a
necessary inference themselves in order to follow the intended meaning; or where the reader
has to understand figurative language used in a simile). To generate necessary inference,
readers need to use relevant prior knowledge to help resolve incomplete or surprising
information in the text (for example, realising that when Alex sees his friends leaving school,
it must mean he is very late). On the other hand, to comprehend a simile, readers should use
information from their prior knowledge to correctly interpret non-literal language presented in
a text (for example, in the sentence “Alex was feeling like a dead body when he woke up”).
Thus for both higher-level skills, the process of information integration between prior

knowledge and the current text is similarly demanding, and the two skills may thus be similar
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in the domain-general demands they make. Moreover, both necessary inference and simile
comprehension rely on inhibition. The information that must be inhibited could be either
coming from the text itself, or from reader’s long-term memory. The current data shows that
both types of irrelevant information coming from reader’s long term memory (as measured by
a Resistance to Interference Task) and information coming from the text (as measured by the
Proactive Interference task) must be inhibited to allow readers to generate necessary inference
and simile comprehension.

Marked similarities were also found between drawing elaborative inferences and
comprehension control. Both skills rely on working memory, updating, and cognitive
flexibility. This finding suggests that in terms of their domain-general demands, elaborative
inferences and comprehension control come about in similar ways. To generate elaborative
inferences, readers must retrieve information from their previous knowledge — information
which is not implied by specific words in the text, but which provides important additional
context, with which the reader can embellish their mental model for the text. To integrate
information from one’s own prior knowledge with information drawn from the text requires
significant amounts of cognitive capacity, well in excess of what would be required for a literal
reading of a straightforward text. Conversely, for successful comprehension control, readers
must be able to continuously monitor incoming information from the text being read, and
compare it with their mental model for the text, built on information presented previously in
the text as well as their previous knowledge (e.g. Magliano et al., 1999). This also requires
significant cognitive resources, since the reader is simultaneously tracking what their mental
model leads them to expect from a text, as well as what the text itself says. It should be
unsurprising, therefore, that both skills are reliant on updating and working memory.

Results from Chapter 3 also show that both drawing elaborative inferences and

comprehension control rely on cognitive flexibility. This reflects the fact that both skills make
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greater demands than simple processing capacity. Drawing elaborative inferences requires
readers to engage in a relatively unguided process of going beyond the written text, to identify
additional information from the reader’s own previous knowledge that can augment the mental
model for the text. Therefore, when making an elaborative inference — for example, when a
reader imagines how Alex feels when he’s late for school, by recalling a time the reader
themselves was late — the reader needs to monitor how much of their prior knowledge is
appropriate for enhancing the current text. Similarly, to achieve comprehension control,
children need to check the integrity of their understanding for the text, by moving between the
text as they read it, and their expectations for the text based on their mental model. In addition,
in cases where an inconsistency is identified, the reader must be able to make an appropriate
correction, drawing on their mental model to select only relevant information which allows
them to resolve the inconsistency. Both higher-level skills require some flexibility, depending
on the specific circumstance (according to the elaborative inference being drawn, or depending
on whether and how inconsistencies are encountered). Based on the results of the present study,
it seems that both drawing elaborative inferences and comprehension control require a complex
interaction between working memory and long-term memory which ultimately calls for
cognitive flexibility.

Finally, literal comprehension appears distinct from the other four higher-level
comprehension skills. In Chapter 3, literal comprehension performance was significantly
predicted by cognitive flexibility and working memory. This result suggests that both working
memory and cognitive flexibility are required for literal comprehension. This finding suggests
that to comprehend the literal meaning of a text, readers hold in mind information from one
sentence while processing newly read information in the text. Furthermore, these results
suggest that in order to integrate ideas from different parts of the text so as to construct a

coherent representation of what the text is about, they rely on their cognitive flexibility. For
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example, to link the main points of the text — such as the events that took place in the story, the
characters involved, their motives, and time the events happened — readers must be able to
concurrently switch between the mental model they have already constructed and the
information they retrieve from their long-term memory and information from non-adjacent
sentences in the text. To successfully achieve this, they use their cognitive flexibility to hold
necessary information in memory, while shifting attention appropriately from one piece of
information to another.

The second major finding of this thesis is that the supporting role of executive functions
to reading comprehension develops significantly between the ages of 8 and 10 years. In the
current study, both 8-year-olds and 10-year-olds used executive functions to bolster aspects of
their reading. This general finding is consistent with what one would expect from developing
readers. In contrast with adults, whose years of experience with reading means that they are
able to automate many aspects of the process, the majority of 8- and 10-year-old children aren’t
able to do that yet. Executive functions are used in situations where we have to carry out novel
or difficult tasks — which for many children is what reading is. However, as children get more
experienced, then they rely on executive functions less as they increasingly automate aspects
of reading. However, for developing readers — like those tested in Chapter 3 — reading is a
deliberate, effortful process, and as such it is not surprising that executive functions should be
involved.

Why then were there differences between the two age groups with regard to their
reliance on executive functions? There are two plausible accounts that might explain this
difference. The first account is based on children’ level of experience in reading. Although
both 8- and 10-year-old children are considered independent readers, 10-year-old children will
typically have more practice with reading in general, and with lower-level reading

comprehension skills, than 8-year-old-children. Their superior lower-level comprehension
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skills may in turn allow 10-year-olds to save more cognitive resources for extracting the
meaning from the text read. Therefore, more practiced lower-level skills mean that the child
can deploy different executive functions which would ultimately help them to build a coherent
and accurate mental model for the text read.

The second account explaining the increasing role of executive functions with age
relates to the standard of coherence children set when reading a text. The results of this study
seem to suggest that 10-year-old children adopt a higher standard of coherence than 8-year-old
children. Standard of coherence refers to readers’ implicit and explicit criteria for
comprehension (van den Broek, et al., 2011). Readers that want to gain a particularly deep
understanding of a text would adopt a higher standard of coherence than readers who are
satisfied with a shallower engagement. Thus, one interpretation of the current findings is that
10-year-olds adopt a higher standard of coherence than 8-year-olds. As a result, reading
becomes a more challenging and involved process, since they set high goals for their
understanding (for example, they may want to enrich their mental model for the text by using
their prior knowledge to provide greater context for all of the critical points of information that
arise in the text). Therefore, to meet these higher criteria, they deploy executive functions to
help them to integrate necessary and relevant information needed to enhance the mental model
for the text.

The third major finding of this thesis is that reading fluency plays a moderating role in
the relationship between domain-general skills and some higher-level comprehension skills.
This shows that reading fluency interacts with working memory and executive functions in
explaining reading comprehension. Therefore, it is plausible to suggest that faster children
decode words in the text the more cognitive resources they spare for using it for constructing
the mental mode for the text read. Conversely the slower children decode words in the text the

more cognitive resources they need for this task, leaving only few cognitive resources available
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for the construction of the mental model. The finding that the relation between most of the
higher-level comprehension skills and working memory is moderated by reading fluency
provides a clear picture of how reading comprehension comes about. For younger children
reading fluency seems to be crucial when it comes to using their working memory to integrate
information from their previous knowledge with information in the text so as to draw necessary
inference. This shows that reading fluency is particularly important for younger children when
drawing inferences, which for most of them must be an effortful task. For older children,
reading fluency is also important but for other higher-level comprehension skills, namely literal
comprehension and comprehension control. Although older children are expected to be more
experienced in reading fluency as compared to younger children, it seems that they still need
to acquire a certain threshold in reading fluency to be able to deploy working memory to
achieve literal comprehension and comprehension control. This threshold could especially help
children with poor working memory to work out the literal comprehension and comprehension
control. Therefore, taken together the third finding of this thesis brings an important insight in
reading comprehension research in showing the important moderating role of reading fluency
in the relationship between working memory and higher-level comprehension skills in both age
groups of children.

This finding is surprising. It was expected that reading fluency would not play a major
role in reading comprehension, due to the highly transparent orthography of the Albanian
language. This prediction was made based on the idea that decoding the written form of words
would be straightforward for Albanian-speaking readers, because of the highly regular and
predictable grapheme-phoneme correspondences. That being the case, one might expect
individual differences in reading fluency to be much less important in Albanian than in

languages with more opaque orthographies. Contrary to predictions, however, reading fluency
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was found to play an important role in reading comprehension in Albanian-speaking children.
This was true for both 8- and 10-year-olds.

There are two possible explanations for why reading fluency played a role in the study
reported in Chapter 3. The first explanation relates to a lack of preschool education in the
current sample of children. The majority of children in Kosovo don’t attend preschool. This is
important, because it means that word recognition skills are introduced to these children much
later than is typically the case in other countries — commonly this begins in Kosovo at around
6 or 7 years of age. As a result, at the time when children are typically becoming independent
readers (by around 8 years of age), the process of decoding the written form of words could
still be disproportionately effortful for Kosovan children; their relatively late start in reading
means they have less practice and less experience in these skills, compared to what one would
expect from the samples typically reported in the literature. Moreover, if this were the case, it
could very well be that even 10-year-old children have not yet managed to automatize these
skills. As a consequence, their reading fluency skills would still play a role in reading
comprehension: for these children, decoding words effectively would take up cognitive
resources, which might otherwise be used for higher-level reading skills. Therefore, it seems
plausible to suggest that although the Albanian language has a highly transparent orthography,
with a regular mapping between graphemes and phonemes, this is not sufficient on its own to
make reading easy for children. The lack of preschool education may mean that word
recognition does not become automated until late childhood or adolescence.

The second possible reason for the later-than-expected contribution of reading fluency
in Albanian relates to the grammatical structure of the language. When reading written texts,
readers are not only working out the structure and meanings of isolated words. Rather, they are
engaging with other aspects of language, including syntax and pragmatics. Being familiar and

comfortable with the structure of sentences is a crucial component of the reading
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comprehension process as a whole. However, the Albanian language has a very complex
grammatical structure, with long subordinate clauses and a high proportion of multisyllabic
words. Thus, for children learning to read in Albanian, the long developmental course of
reading fluency could also arise due to the complex grammar of the language. It may also be
the case that difficulties with grammar are exacerbated for those children who were introduced
to these complexities only at the age of 6, in the first grade of schooling. Thus, both of the

possible accounts offered to explain the role of reading fluency in Albanian may be valid.

4.1. Theoretical implications

The research presented in this thesis has a number of implications for theoretical
frameworks of reading comprehension. The data presented here broadly confirm the
assumptions on the role of working memory in reading comprehension proposed by the
Construction-Integration (CI) model (Kintsch, 1988). The CI model posits that working
memory plays a central role in reading comprehension, both by maintaining and processing
incoming information from the text being read, and also by enabling the retrieval of information
from long-term memory. This view is strongly supported by the data presented in this thesis.
However, the data in this thesis also suggest incorporation of executive functions in the CI
model. In particular, it proposes that the model should incorporate the role of inhibition and
cognitive flexibility in the process of constructing mental model for the text read. The data
presented in this thesis demonstrate a key role of inhibition in drawing necessary inferences,
and in simile comprehension. Furthermore, the current thesis reveals that cognitive flexibility
plays a significant role in reading comprehension, particularly for drawing elaborative
inferences and for comprehension control. Therefore, this thesis suggests an inclusion of
executive functions to the CI model of Kintsch (1988), as a key component in reading

comprehension among the early independent readers (i.e. 8- and 10-year-old children).
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A further theoretical contribution of the current thesis is in highlighting the role of
reading fluency as a key moderator of the relationship between domain-general skills and
reading comprehension. The current findings on the significant role of reading fluency in
reading comprehension suggest that children first need to form a solid basis in reading accuracy
and efficiency, in order to free up working memory resources for higher-level comprehension
skills. This finding is in line with automaticity theory of LaBerge and Samuels (1974), which
posits that better reading fluency allows readers to devote their limited attentional resources to
higher-order processes involved in reading comprehension. The data presented in this thesis
support this account. Therefore, the current thesis suggests an additional dimension to the CI
model of reading comprehension: to integrate the role of reading fluency into the model, to
reflect its mediating function as a way of optimising the contribution of domain-general

processes to higher-level comprehension.

4.2. Directions for future research

While the current thesis has focused largely on domain-general processes as a way of
understanding reading comprehension, there remain other important contributors to reading
that also merit study. Of these, arguably the most important is motivation. Motivation is
conceived as a psychological process that determines the effort and persistence of an
individual’s behaviour to take a certain action (Ford, 1992). General theories of motivation
suggest that a child’s reading ability is strongly associated with their motivation, since readers
who are motivated tend to show greater persistence and put more effort into the task, by their
own volition (e.g. Lepper & Henderlong, 2000; Logan, Hedfords, & Hughes, 2011). Empirical
evidence has also shown that motivation significantly predicts reading comprehension,

independent of cognitive skills (e.g. Taboada, Tonks, Wigfield & Guthrie, 2009). Reading
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comprehension is a process involving a variety of cognitive activities, many of which may
prove challenging for inexperienced readers. To successfully carry out all these cognitive tasks,
readers must remain actively engaged with the text — even when they find aspects of the process
difficult or effortful. Therefore, it is highly likely that motivation could influence a reader’s
ability to successfully engage with a text. For that reason, studying motivation as a key
individual difference may well offer important insights into the development of reading
comprehension.

To date, the studies looking at the role of motivation in reading comprehension have
tended to look at motivation separately from domain-general cognitive skills. Given the likely
important role of motivation in reading comprehension, it would be important to further
examine whether motivational factors can explain significant variance in reading
comprehension, over and above domain-general cognitive skills — and to see whether these
factors interacted. As discussed in previous chapters, deploying working memory and
executive functions in reading comprehension is effortful and not a straightforward thing to do.
For readers who struggle with the demands of decoding written text and building a mental
model of a narrative, motivation might play a crucial role. Equally, for children who set
themselves a higher standard of coherence, their success or failure to engage with a text at a
deeper level may depend in part on their motivation. It is likely to be informative to unpick the
developmental relationship between motivation and domain-general skills — for example, it
may be that more motivated readers are able to use potentially limited domain-general skills
more effectively than less motivated readers. Conversely, it may be that better domain-general
skills lead to more early success with reading, which may increase a child’s motivation to read.
Pulling apart the developmental relationship between these factors will be an important

advance in our understanding of the emergence of reading comprehension.
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Another potential role that motivation might play in reading comprehension is through
an interaction with sustained attention — that is, the ability to focus on a task for a long time.
Knowing that reading comprehension is a complex task, it would not be surprising if sustained
attention played a supporting role in this process — not least as sustained attention reportedly
helps children transform printed words and sentences into their acousticform (LaBerge &
Samules, 1974). Thus, children with poor sustained attention might disengage from a reading
comprehension task because they find it difficult, whereas children with better sustained
attention might persist in their attempts to understand the text. Empirical evidence has also
shown a strong relationship between sustained attention and reading fluency in children,
suggesting that children who are better able to sustain their attention over longer durations are
better able to decode words. In this way, better attentional skills can lead to better text
comprehension (Yildiz & Cetinkaya, 2017). Therefore, because (i) motivation and (ii)
sustained attention might both play a role in helping children stay on task, it would be beneficial
for future work to assess these skills side by side, in order to fully account for the role of each
in children’s reading. To understand the relationship between motivation and sustained
attention in reading comprehension, the following two research questions could be tested in
children: 1) are there differences in motivation and sustained attention between good and bad
readers? And ii) is the relationship between motivation and sustained attention greater in more
demanding higher-level comprehension tasks (i.e. necessary inference, elaborative inference
and comprehension control) as compared to less demanding comprehension tasks (i.e. literal
comprehension)? By answering these questions, we can better understand the role that
motivation and sustained attention can play in reading comprehension.

Finally, it would be informative to study the relationship between reading motivation
and standard of coherence. Research from the motivation literature shows that readers with

high interest and more ambitious goals in reading were better readers than those with lower
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interests and goals (McWhaw & Abrami, 2001). Moreover, empirical evidence has shown that
children who receive training in reading motivation strategies show higher engagement in a
reading task (Wigfield, Guthrie, Prenecevich, Taboada, Klauda, McRae, & Barbosao, 2008).
In the main study of this thesis, the two age groups of children differed in terms of their reliance
on executive functions to achieve the higher-level comprehension skills. Ten-year-olds
deployed more domain-general cognitive skills to comprehend the text. This difference has
been discussed in terms of older and younger children setting different standards of coherence
during reading. This is a plausible suggestion, though clearly it would be informative to have
direct empirical evidence on this question. Thus, examining reading motivation alongside
consideration of the goals that children set for themselves in reading comprehension, would

help to address other important and understudied aspects of reading comprehension.

A second research question that would strengthen our understanding of reading
comprehension is the role of grammatical knowledge. The use of grammatical knowledge to
work out the meanings of individual sentences is obviously an essential part of reading
comprehension (Silva & Cain, 2015). In general research suggest that poor readers perform
more poorly than good readers on grammatical processing tasks (Catts, Adlof, Weismer, 2006;
Goff et al., 2005; Nation et al., 2004; Silva & Cain, 2015). However, the construct of grammar
has mostly been examined in its direct relationship with reading comprehension (Cain, 2006;
Cain, Oakhill, & Bryant, 2004; Goff et al., 2005; Nation, Clark, Marshall, & Durant, 2004)
rather than in its indirect relationship between domain-general cognitive skills and reading
comprehension. The data from this thesis show that reading fluency and vocabulary knowledge
moderate the influence of domain-general cognitive skills on reading comprehension. It would
not be surprising, therefore, if other important foundational reading skills such as grammar

knowledge also mediated this relationship. For example, readers with poorer grammatical
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knowledge could be disadvantaged in multiple ways — they might need to spend additional time
and cognitive resources to correctly parse the grammar of a sentence; or they might misinterpret
the meaning of a text; or they may face increased requirements to use their comprehension
control to monitor and repair errors in their understanding arising from their poor grammatical
knowledge.

It would be particularly important to consider the role of grammar alongside the
orthography of a language. We know that reading in languages with transparent orthographies
is generally easier than reading languages with opaque orthographies. We also know that
reading in languages with straightforward grammatical rules is easier than reading in languages
with more complex rules. However, since these two factors may call on the same cognitive
resources, it is possible that these demands of these two factors will interact during
development. If so, we would expect to see the greatest challenge in languages with both
opaque orthographies and complex grammatical rules. Conversely, we would expect to see
fewer challenges, and earlier emerging reading competence, in languages with both a
transparent orthography, and with more straightforward grammatical rules. It would also be
informative to see how these factors might interact. For example, Albanian is a language with
a highly complex grammatical structure, but a highly transparent orthography. So for readers
in Albanian, being able to work out the structure of words in sentences could be a hard thing
to do, which would ultimately require extra usage of their cognitive resources — and this in turn
might affect their reading comprehension. On the other hand, readers of languages with opaque
orthographies (i.e. English), which has a relatively straightforward syntax, would be better able
to work out grammar structures in the text they read, and as a result would spare cognitive
resources for their reading comprehension. Therefore, an intriguing future question could be
whether it is easier to read in a language with opaque orthography but simpler grammar, or in

a language with transparent orthography but complex grammar. Testing a plausible interaction
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between grammar and orthography would help us better understand the extent to which, and
under what conditions, grammatical structure plays a role in reading comprehension in

languages with different orthographic transparency.

4.3. Practical implications

The present findings also have a number of practical implications of relevance to those
who may be teaching children to read. Overall, the current findings are entirely consistent with
the view that executive functions, working memory and reading fluency are important domains
that aid reading comprehension in children. This view represents a potentially valuable starting
point for identifying children who may struggle with reading comprehension — and for
identifying possible ways of supporting children as they learn to read. Thus, the first important
practical implication of the current data is the observation that executive functions play a
central part in reading comprehension. By extension, children who struggle with executive
functions may very well also have difficulty when learning to read. Since it is possible to
measure executive functions with reasonably good accuracy from the age of 4 years, it is also
possible that early assessments of executive function could identify children who might later
struggle with reading, and who may potentially benefit from additional support early in the
process of learning to read. Given the likely contribution that motivation has in helping children
to develop reading skills, it would be positive and advantageous to be able to proactively
engage with children who may find reading difficult, and to provide both support and
encouragement as they learn to read. Such an approach would avoid the potentially negative
spiral that may ensue from leaving reading difficulties unidentified and unsupported.

The second implication follows on from the finding that reading fluency interacted with
working memory in explaining the majority of the higher-level comprehension skills. is a

crucial determiner of how well children read. That being the case, it may be beneficial for
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teachers to consider implementing reading fluency training for readers who may be struggling
with reading comprehension. This could be mainly done by giving children the opportunity to
read and then re-read the same text so as to practice word reading. Also, another good strategy
would be to have children practice their reading orally with an opportunity to receive
corrections and guidance. Educators could promote this skill, by inviting children to read aloud
and receive specific feedback through systematic feedback progress monitoring also helps them
improve their reading fluency. Therefore, considering the findings of this thesis, future
practitioners might be able to decrease or even overcome reading comprehension difficulties
in children through the targeted use of intensive working memory training.

Finally, the findings in this thesis showing the vital role of domain-general skills to
different aspects of reading comprehension could also help practitioners to adapt teaching
methods that assist children with the executive demands of reading comprehension. This could
be achieved via two distinct routes. First, by helping children to build a mental model for the
text, by making explicit ideas that may have otherwise been implicit and perhaps unclear. This
is mainly achieved by helping children analyse pieces of the text and then gradually bring the
pieces together. If we look at the example made by Oakhill and colleagues (2014); with the
sentence “Sleepy Jack was late for school again”, teachers can help children explore
information that each of the words in the sentence provide. For example, sleepy suggests that
the character may have overslept, and indicating that this could be a reason for being late for
school, Jack combined with school suggests that this is a schoolchild and not a teacher, etc.
This way children can gradually move to analysing paragraphs and entire story and eventually
be able to build accurate mental models for the text read. And second, by adapting reading
comprehension methodologies that can reduce demands on executive functions. For example,
for readers who find reading comprehension overwhelming, teachers could encourage children

to take brief notes of main points of the text as they read, or could highlight key information in
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the text (i.e. character names, motives and places where events take place). Taken together, this
thesis calls for a comprehensive approach in teaching reading comprehension to children, with

a core focus on executive functions and working memory.

4.4. Conclusion

In summary, the work presented in this thesis contributes to our understanding of the
processes involved in reading comprehension in children. Firstly, it demonstrates that all five
higher-level comprehension skills are significantly underpinned by working memory and
executive functions. Based on the supporting role played by domain-general cognitive skills,
in this thesis the higher-level comprehensions have been categorized into three main groups: 1)
literal comprehension was found to be underpinned by working memory and cognitive
flexibility; ii) necessary inference and simile comprehension were both found to be
underpinned by working memory and inhibition; and iii) generation of elaborative inferences
and comprehension control were found to be underpinned by working memory and executive
functions. Based on these findings, this thesis calls for a greater and better specified role for
executive functions in the current theoretical models of reading comprehension.

On a practical level, the findings from this thesis can also help educators in both
identifying causes of failures in reading comprehension tasks, and in designing training
programs which integrate reading comprehension skills and domain-general cognitive skills in
children who struggle with reading comprehension. Secondly, the work presented in this thesis
shows that the contribution of domain-general cognitive abilities to reading changes as a
function of age, playing a more of a role in older children as compared to younger children —
though we would also expect this contribution to decrease further with age, as aspects of
reading become more automated. It was suggested that this developmental change may arise

due to 1) differences in children’s level of experience in lower-level skills, with older children
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having gained more practice in these skills, and/or ii) children’s standard of coherence, and
specifically because older (and typically more proficient) readers may adopt a higher standard
of coherence, which in turn places additional requirements on children’s domain-general skills.
Thirdly, the work presented in this thesis reveals a vital role played by reading fluency in
reading comprehension, plausibly by helping children save cognitive resources, meaning that
they can devote greater capacity to higher-level comprehension skills. This thesis expands on
executive functions research by highlighting reading fluency as a mechanism by which
domain-general cognitive skills contribute to reading comprehension. Finally, the work
presented in this thesis demonstrate a plausible interaction between orthographic transparency

and domain-general cognitive skills in the process of building a mental model for the text.
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Appendix A

The order of Items in the original adapted British Picture Vocabulary Scale task

Item Prompt- Albanian Set Correct
English
0a Ball Topi \W4 2
Ob Crying Vaji W 4
Oc Tooth Dhémbi W 2
0od Mowing Kositja W 3
1 Hand Dora 1 1
2 Baby Beba 1 2
3 Cat Macja 1 2
4 Jumping Kércimi 1 4
5 Bus Autobusi 1 4
6 Drinking Pija 1 3
7 Tractor Traktori 1 4
8 Running Vrapimi 1 1
9 Gate Porta 1 3
10 Reading Leximi 1 2
11 Cow Lopa 1 1
12 Drum Daulle 1 3
13 Ladder Shkallét 2 2
14 Plant Bima 2 1
15 Circle Rrethi 2 4
16 Candle Qiriu 2 2
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17 Wooden Drurit

18 Nest Foleja

19 Dancing Vallézimi
20 Tortoise Breshka
21 Farmer Fermeri
22 Cobweb Gracka
23 Neck Qafa

24 Penguin Penguin
25 Wrapping Paketim
26 Fruit Frutat

27 Smelling Nuhatja
28 Arrow Shigjeta
29 Teacher Mésuesi
30 Full Plot

31 Panda Panda

32 Exercising Ushtrimi
33 Coin Monedhé
34 Claw Kthetra
35 Measuring Mat

36 Peeling Qérim

37 Tambourine Dajre

38 Castle Késhtjellé
39 Lock Dry

40 Telescope Teleskop
41 Dripping Pikon

42 Huge Gjigante
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43 Furry Leshatuke
44 Nostril vrimé hunde
45 Roots Rrénjé

46 Vegetable Perime

47 Diving Zhytja

48 Liquid Léng

49 Luggage Valixhe

50 Dentist Dentist

51 Weasel Nuselale
52 Tugging Terheqje
53 Hive Koshere
54 Delighted Gézuar

55 Globe Glob

56 Furious Inatosur
57 Swamp Mogal

58 Waiter Kamarier
59 Target Shenjestér
60 Eagle Shqiponjé
61 Pair Pale

62 Coming Vjen

63 Tubular Gypor

64 Interviewing Interviston
65 Snarling Hungérim
66 Medication Ilaq

67 Pod Bishtajé
68 Grain Drith
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69 Pedal Pedale

70 Predatory Grabitqar
71 Balcony Ballkon

72 Polluting Ndot

73 Greeting Mirépritje
74 Antlers bri degé

75 Orbit Orbité

76 Collision Pérplasje

77 Inflated Fryré

78 Applauded Duartrokitur
79 Nutritious Ushqyes

80 Adjustable Pérshtatése
81 Scalp Kafké

82 Reptile Zvarranik
83 Resuscitation Ringjallje
84 Links Lidhé

85 Arctic Arktike

86 Glider Fluturake
87 Lecturing Ligjérim

88 Engraving Gdhendje
89 co-operation Bashképunim
90 Fictional Imagjinare
91 Hoisting Ngritje

92 Isolation Izolim

93 Syringe Shiringé

94 Composing Komponuar
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95 Fern Fier 8
96 Weary Molisje 8
97 Parallel Parallel 9
98 Dilapidated Rrenuar 9
929 Departing Nisje 9
100 Easel Kémbalec 9
101 Embracing Pérqafuar 9
102 Utensil Vegel 9
103 Quartet Kuartet 9
104 Citrus Agrume 9
105 Digit Shifér 9
106 Feline e maces 9
107 Pillar Shtyllé 9
108 Timer Kohématés 9
109 Detonation Detonim 10
110 Summit Majé 10
111 Salutation Nderim 10
112 Agricultural Bujqésore 10
113 Geriatric Geriatrike 10
114 Talon Thunder 10
115 Consuming Konsumim 10
116 Dwelling Vendbanim 10
117 Emaciated Holluar 10
118 Lubricating Vajosje 10
119 Descending Zbritur 10
120 Spherical Sferike 10
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121 Exterior Jashtme 11
122 Trestle Kercimtar 11
123 Perforated Shpuar 11
124 Fowl Shpend 11
125 Cascade Kaskadé 11
126 Vagrant Endacak 11
127 Trajectory Trajektore 11
128 Inoculating Depértoj 11
129 Arable Lérueshme 11
130 Beacon Sinjalizim 11
131 Deciduous Gjethérénés 11
132 Submerging Zhytje 11
133 Physician Mjeku 12
134 Attire Petké 12
135 Converging Konvergjente 12
136 Receptacle Kasé 12
137 Festoon Stoli 12
138 incarcerating Prangosje 12
139 Incline Pjerrtési 12
140 Encumbered Ngarkuar 12
141 Caster Hedhés 12
142 Equestrian Kalorés 12
143 Convex Konveks 12
144 Culinary Kulinare 12
145 Munificence Dorégjéresi 13
146 Nautical Lundrim 13
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147 Incertitude Pasiguri 13
148 Gaff Kanxhé 13
149 terpsichorean Kércimtar 13
150 Bovine Gjedhit 13
151 Pedagogue Pedagog 13
152 Succulent Léngshém 13
153 Altercation Zénké 13
154 Copious Bollék 13
155 Objurgating Qortim 13
156 Cenotaph Pérmendore 13
157 Nidificating Vendosje 14
158 perambulating | Shétites 14
159 Vitreous Qelqor 14
160 Supine Plogét 14
161 Osculating Puthitur 14
162 Laciniated Dentelle 14
163 Lugubrious Ngrysur 14
164 Pachyderm Pakiderm 14
165 Imbibing Absorbim 14
166 Casement Kornizé 14
167 Tonsorial Qethés 14
168 Calyx Kaliks 14
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Appendix B

List of re-adapted item order in the British Picture Vocabulary Scale task

Item Prompt- Albanian Set Correct
English
0a Ball Topi \W4 2
0b Crying Vaji W 4
Oc Tooth Dhémbi W 2
od Mowing Kositja W 3
1 Hand Dora 1 1
2 Baby Beba 1 2
3 Cat Macja 1 2
4 Jumping Kércimi 1 4
5 Bus Autobusi 1 4
6 Drinking Pija 1 3
7 Tractor Traktori 1 4
8 Running Vrapimi 1 1
9 Gate Porté 1 3
10 Reading Lexim 1 2
11 Cow Lopa 1 1
12 Drum Daulle 1 3
13 Ladder Shkallét 2 2
14 Plant Bima 2 1
15 Circle Rrethi 2 4
16 Candle Qiriu 2 2
17 Wooden Drurit 2 2
18 Nest Foleja 2 4
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19 Dancing Vallézimi
20 Tortoise Breshka
21 Farmer Fermeri
22 Cobweb Gracka
23 Neck Qafa

24 Penguin Penguin
25 Wrapping Paketim
26 Fruit Frutat

27 Smelling Nuhatje
28 Arrow Shigjeta
29 Teacher Mésuesi
30 Full Plot

31 Panda Panda

32 Exercising Ushtrimi
33 Coin Monedhé
34 Claw Kthetér
35 Measuring Mat

36 Peeling Qérim

37 Tambourine Dajre

38 Castle Késhtjellé
39 Lock Dry

40 Telescope Teleskop
41 Dripping Pikon

42 Huge Gjigante
43 Furry Leshatuke
44 Nostril vrimé hunde
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45 Roots Rrénjé

46 Vegetable Perime

47 Diving Zhytja

48 Liquid Léng

49 Luggage Valixhe
50 Dentist Dentist

51 Weasel Nuselale
52 Tugging Terheqje
53 Hive Koshere
54 Delighted Gézuar

55 Globe Glob

56 Furious Inatosur
57 Swamp Mogal

58 Waiter Kamarier
59 Target Shenjestér
60 Eagle Shqiponjé
61 Pair Pale

62 Coming Vjen

63 Tubular Gypor

64 Interviewing Interviston
65 Snarling Hungérim
66 Medication Ilaq

67 Pod Bishtajé
68 Grain Drith

69 Pedal Pedale

70 Predatory Grabitqar
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71 Balcony Ballkon

72 Polluting Ndot

73 Greeting Mirépritje
74 Antlers bri degé

75 Orbit Orbité

76 Collision Pérplasje

77 Inflated Fryré

78 Applauded Duartrokitur
79 Nutritious Ushqyes

80 Adjustable Pérshtatése
81 Scalp Kafké

82 Reptile Zvarranik
83 Resuscitation Ringjallje
84 Links Lidhé

85 Arctic Arktike

86 Glider Fluturake
87 Lecturing Ligjérim

88 Engraving Gdhendje
89 co-operation Bashképunim
90 Fictional Imagjinare
91 Hoisting Ngritje

92 Isolation Izolim

93 Syringe Shiringé

94 Composing Komponuar
95 Fern Fier

96 Weary Molisje
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97 Parallel Parallel 9
98 Dilapidated Rrénuar 9
929 Departing Nisje 9
100 Easel Kémbalec 9
101 Embracing Pérqafuar 9
102 Utensil Vegel 9
103 Quartet Kuartet 9
104 Citrus Agrume 9
105 Digit Shifér 9
106 Feline e macés 9
107 Pillar Shtyllé 9
108 Timer Kohématés 9
109 Detonation Detonim 10
110 Summit Majé 10
111 Salutation Nderim 10
112 Agricultural Bujqésore 10
113 Geriatric Geriatrike 10
114 Talon Zhunder 10
115 Consuming Konsumim 10
116 Dwelling Vendbanim 10
117 Emaciated Holluar 10
118 Tonsorial Qethés 10
119 Descending Zbritur 10
120 Spherical Sferike 10
121 Exterior Jashtme 11
122 Trestle Kercimtar 11
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123 Perforated Shpuar 11
124 Fowl Shpend 11
125 Cascade Kaskadé 11
126 Vagrant Endacak 11
127 Trajectory Trajektore 11
128 Inoculating Depértoj 11
129 Arable Lérueshme 11
130 Beacon Sinjalizim 11
131 Deciduous Gjethérénés 11
132 Submerging Zhytje 11
133 Physician Mjek 12
134 Attire Petké 12
135 Converging Konvergjente 12
136 Receptacle Kasé 12
137 Festoon Stoli 12
138 incarcerating Prangosje 12
139 Incline Pjerrtési 12
140 Encumbered Ngarkuar 12
141 Funner Hinké 12
142 Equestrian Kalorés 12
143 Convex Konveks 12
144 Culinary Kulinare 12
145 Munificence Dorégjéresi 13
146 Nautical Lundrim 13
147 Incertitude Pasiguri 13
148 Gaff Kanxhé 13
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149 Trestle Skele 13
150 Osculating Puthitje 13
151 Pedagogue Pedagog 13
152 Succulent Léngshém 13
153 Altercation Zénké 13
154 Copious Bollék 13
155 Objurgating Qortim 13
156 Cenotaph Pérmendore 13
157 Nidificating Vendosje 14
158 perambulating | Shétites 14
159 Vitreous Qelqor 14
160 Supine Shpinor 14
161 Bovine Gjedhit 14
162 Laciniated Dentelle 14
163 Lugubrious Ngrysur 14
164 Pachyderm Pakiderm 14
165 Imbibing Absorbim 14
166 Casement Kornizé 14
167 Lubricating Vajosje 14
168 Calyx Kaliks 14
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Appendix C

A full list of items in the adapted version of the Reading Fluency task

Té Ai Kam Prokurori Liderit

E Si Policisé Yt Mjegull

Né Tij Ose Firmosur Thelluar

De Kané Cilét Rrethit Grindjet

I Po Ményré Mal Pérhershme
Qé Duke Tjeré Njihet Deklarimi
Pér Jané Népér Lashté Premtimeve
Me Kishte 0] Daté Klani

Njé Shumé Lidhur Qéndrimi Llum

Nga Kéteé Jené Personale Rivaliteti
Ka Ta Deklaruar Paguajé Numrash
Me Prej Rast Flasim Mirénjohjeje
Se Gjithé Jezu Organizaté Servilizmi
Eshté Qené Ditét Prodhimit Milleniumit
Do Sipas Ati Varrit Nishan

Nuk Disa Vraré Verifikuar Parakalimin
Se Ne Béra Séshté Tepértit

U Para Gjithnjé Ndan Imperialiste
Por Deri Komisariatit Valén Lévdoni
Edhe Jeté Rakipi gjashtédhjeté | shkumés
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Appendix D

A full list of items in the adapted version of the Listening Recall task

Lista e ushtrimeve Sakt/Pasakt | Pérkujtimi Rezultati(1 ose 0)
P1 Elefantét kané katér S Kémbé
kémbé
P2 Ananaset luajné futboll P Futboll
P3 Peshqit kané shumé floké | P Floké
Librat kané faqe S Faqe
P4 Patat notojné né lige S Liqe
Veturat kané veshé P Veshé
Span | Lista Sakt/Pasakt | Perkujtimi Rezultati(1 ose 0)
1 Gérshérét prejné letra S Letra
Peshku ka floké P Floké
Thikat jané té mprehta S Mprehta
Marimangat Krijojné S Rrjeta
rrjeta
Orat hajné molla P Molla
Topat jané katror P Katror
2 Portokajt jetojné né ujé P Ujé
Tréndafilét kané aromé S Mire
té mire
Karriget béjné vezé P Vezé
Bananet kané dhémbé P Dhémbé
Képucét mbathen né S Kémbé
kémbé
S Drunjé
Mollet rriten né drunjé
Njerézit kané veshé S Veshé
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Portokajt kané tinguj Tinguj
Gishtérinjté jané né duar Duar
Delet kané krahé Krahé
Macet punojné né shkollé Shkollé
Dérrkucét kané té Bishtin
rrumbullakét bishtin

Veturat kané rrota Rrota
Lepujt i kané té gjaté Veshét
veshét Barin
Biqikletat hajné bari

Elefantét jané té trashé Trashé
Autobuset mund té flasin Flasin
Qejt mund té lehin Lehin
Peshqit jetojné né toké Toké
Akullorja éshté e nxehté Nxehté
Pijanoja ka tinguj Tinguj
Baballarét kané krahé Krahé
Pulét béjné vezé Veze
Peshku mund té punoj Punoj
Lopa mund té qeshé Qeshé
Dhémbét gjinden né gojé Gojé
Qejt mund té flasin Flasin
Njerézit kané dy kémbé Kémbé
Gurét jané té réndé Réndé
Qielli éshté i gjelbér Gjelbér
Dielli éshté i nxehté Nxehté
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Bananet veshin rroba P Rroba
Shtépia mund té kéndoj P Kéndoj
Hundén e ke né fytyré S Fytyré
Rrotét jané katror P Katror
Gjirafat kané té gjaté S Qafén
qafen

P Buta
Thikat jané té buta

S SHkollé
Fémijét shkojné né
shkollé
Kutia éshté katroré S Katroré
Qejté mund té luajné P Gitaré
gitar

P Kaltra
Karrotat jané té kaltra

S Krahé
Aeroplanet kané krahé
Peshqit jetojné né ujé S Ujé
Lepujt rriten né drunjé P Drunjé
Patat kané vija né kémbé | S Kémbé
Drunjté kané floké P Floké
Motrat jané vajza S Vajza
Bretkosa mund té punoj | S Punoj
Dérrkucét kané rrota P Rrota
Lulet ndjekin minjté P Minjté
Macet luajné futboll P Futboll
Shtépité kané dyer S Dyer
Peshkaqejt i kané té S Dhémbét
médhenjé dhémbét

Lodra

Autobuset luajné me p

lodra
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Protokajt kané veshé P Veshé
Motrat kané té kaqurelt | P Bishtin
bishtin

S Rrugé
Kamionet kalojné né

. S Burra

rrugé
Baballaret jané burra S Koke
Kapelat veshén né koké
Majmunét jetojné né S Drunjé
drunjé

P Bimé
Mésueset rriten né bimé

P Nxehté
Dimri éshté i nxehté

S Dyqan
Portokajt shiten né dyqan

S Verdha
Bananet jané té verdha
Dérrkucet ngasin trenin | P Trenin
Molla mund té kéndoj P Kéndoj
Autobusét kané shofer S Shofer
Zebrat tegojné orén P Orén
Bora éshté e ftohté S Ftohté
Delet hajné bari S Bari
Drunjté kané tinguj P Tinguj
GJirafet kané dy rrota P Rrota
Dredhézat jané té kuqe S Kuqe
Motocikletat mund té P Lehin
lehin
Drunjté mund té ecin P Ecin
Macet ndjekin minjté S Minjté
Bebet mund té qajné S Qajné
Elefantet jané té shkurtér | P Shkurtér
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Mésueset punojné né S Shkollé
shkollé
Njerézit kané dy sy S Veshé
Veturét kané rrota S Rrota
Delet jetojné né fusha S Fusha
Peshqit mund té flasin P Flasin
Dielli éshté i ftohté P Ftohté
Bletét mund té shpojné S Shpojné
Bretkosat kané té gjaté P Veshét
veshét Lo
Corapet vishen né kémbé | S Kémbé
Véllezérit qelin né oborr | © Oborr
Krimbi ka eshtra P Eshtra
Zjarri éshté i nxehté S Nxeht¢
Motocikletat kané dy S Rrota
rrota

S Buté
Arushét jané té buté

P Shkollé
Dérrkucét shkojné né .
shkollé S Kohén
Ora tregon kohén P Shkruaj
Pula mund té shkruaj | > Ftohte
Akullorja éshté e ftohté
Zebrat kané vija S Vija
GJuhén e ke né bark P Bark
Minjté jané shumé té P Ngadalt
trashé

S Trashé
Karriget kané kémbé

S Lexim

Librat jané pér lexim
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Veshét jané pér shiqim P Shiqim
Dyqanet shesin ushqim S Ushqim
Veturave i duhet benzina | S Benzin
Malet jané shumé té P Shkurtra
shkurtra

P Macet
Qejté ndjekin macet

! ! P Kaltra

Dredhézat jané té kaltra

S Pare
Bankat kané pare
Tortat jané té émbla S Embla
Mjekrrén e ke né kémbé | P Kémbé
Lugét jané pér té shkruar | P Shkruar
Femijét kané tri duar P Duar
Véllezérit jané meshkuj S Meshkuj
Kérmijté jané té ngadalt | S Ngadalt
Koha e mbrémjés éshté S Nata
nata

P Bardhé
Bari éshté i bardhé

S Faqe
NJerézit kané dy faqe

P Gjelbér
Portokajt jané té gjelbér

P Qeshin
Anijet mund té qeshin

P Pite
Lulet hajné pite

Numri i sakte i detyrave
Span
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Appendix E

A full list of items in the adapted version of the Proactive Interference Task

Lista 1
kali
gomari
derrkuci
zogu

Lista 1
molla
bostani
pjepri
gershia

Lista 1
ndértues
polic
mekanik
aktor

Lista 1
nofulla
kémba
shpatulla
shpina

Perkujtimi

53

Perkujtimi

52

Perkujitmi

68

Perkujtimi

Lista 2
pula
dhija
péllumbi
lepuri

Lista 2
géshtenja
rrushi
Fiku
limoni

Lista 2
ushtar
frizer
arkitekt
doktor

Lista 2
vetulla
veshi
gerpiku
gjuri

Perkujitmi

44

Perkujtimi

68

Perkujtimi

90

Perkujtimi
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Lista 3
luani
geni
delja
ariu

lista 3
dredhéza
shega
bananja
dardha

Lista 3
shofer
postier
muzikant
piktor

Lista 3
barku
krahrori
zorra
mélqia

Perkujtimi

62

Perkujtimi

87

Perkujtimi

36

Perkujtimi




Appendix F

An extract of a full story and questions to the story from the adapted version of the

reading comprehension task

Alexis waited until he was alone in the house. The only sound he could hear was his father’s
axe in the shed. Alexis checked every room. His mother had gone shopping. He pushed a
chair in front of the sink. Like an acrobat, Alexis reached the biscuit tin. The tin was behind
the sugar. Alexis stretched and managed to lift the lid up. As he reached inside the tin, the
door opened. There stood his sister, smiling at him. However, Alexis’s face looked like a
lemon.

Literal questions
What happened as Alexis reached inside the tin?

Where was the biscuit tin?

Necessary inference questions
Why did Alexis want to be alone?

What did he want the chair for?

Elaborative inference questions
Which room was Alexis in?

What was Alexis’s father doing?

Simile comprehension questions
In what way did Alexis reach the biscuit tin?

How did he feel when he saw his sister?

Comprehension control questions

Why didn’t Alexis ask his father to give him the biscuits?

Why was Alexis happy to see his sister?
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Appendix G

A detailed grading procedure of the reading comprehension task

PRACTICE STORY STORY STORY STORY

STORY 1 2 3 4
Total number of 59 74 81 82 89
words
Total number of 11 9 9 8 8
sentences
Sentence 1 (number | 6 6 10 9 12
of words)
Sentence 2 6 7 9 13 11
Sentence 3 5 9 10 9 13
Sentence 4 5 9 9 10 11
Sentence 5 4 6 9 10 11
Sentence 6 5 9 6 11 11
Sentence 7 4 11 8 11 11
Sentence 8 6 9 12 8 9
Sentence 9 7 8
Sentence 10 5
Sentence 11 5

PRACTICE STORY | STORY STORY STORY
STORY
1 2 3 4

Nouns 29 27 22 22 25
Adjectives 0 3 4 5 9
Adverbs 4 5 8 12 7
Verbs 16 19 21 22 23
Prepositions 8 9 6 10 12
Pronouns 2 1 3 4 3
Logical Connections | 3 8 0 0 0
Similes 2 2 2 2 2
Articles 0 2 0 0 0
Linking words 0 0 7 7 5
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Conjunctions 0 0
Subordinate 4
Clauses
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