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Abstract 

In the present study, I examined how students build comprehension with different types of text. Poor 

comprehenders and typically-achieving comprehenders, as determined by a standardized measure for 

general reading comprehension, were compared in their reading comprehension and reading strategy use 

across narrative, expository, and graphic text. I also examined the influence of cognitive functioning on 

reading comprehension, and to what extent cognitive functions can explain the difference in reading 

comprehension between poor and typically-achieving comprehenders. This research was partially 

exploratory, where I aimed to validate existing research on cognitive functions, reading strategies, and 

reading comprehension of text, as well as to contribute new research that distinguishes between text 

types. Past research has shown that cognitive functions predict reading comprehension and that poor 

comprehenders have poorer cognitive functioning and use fewer reading strategies than their peers. 

However, no research to date has made distinctions between different types of text, specifically graphic 

text, and how cognitive functioning and reading strategy use relate to comprehension.  

A group of poor comprehenders (n = 24) and typically-achieving comprehenders (n = 38) completed 

measures of cognitive functioning and read narrative, expository, and graphic texts aloud before 

answering comprehension questions. Participants were asked to ‘think-aloud’ during reading, which 

allowed me to make comparisons between the two groups on reading strategy use. Poor comprehenders 

used fewer cognitive strategies than their typically-achieving peers while reading narrative and expository 

text, and fewer evaluative strategies with graphic text. Typically-achieving comprehenders also 

outperformed poor comprehenders on comprehension of each style of text. Participants’ abilities to 

recognize abstract patterns predicted comprehension of each text type, while participants’ abilities to 

exercise inhibition also predicted expository text comprehension. The same variables accounted for a 

significant portion of the variance between poor and typically-achieving comprehenders, though graphic 

text had the most variance unaccounted for. The findings from the present study highlight the importance 
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of distinguishing between text types in research on reading comprehension, and suggest that more 

attention should be paid to dynamic reading comprehension instruction and support.  
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Chapter 1 

Introduction 

Learning to read effectively is an integral part of literacy and a goal of education in 

Canada. Over the past two decades, students have moved through formal education within a 

world proliferated by digital technology (e.g., computers) (Bennett, Maton, & Kervin, 2008; 

Cross et al., 2016; Prensky, 2001). Everyday routines, from engaging with social media to 

ordering from a restaurant menu, commonly involve both visual (e.g., images) and verbal (e.g., 

words) information. Youth that have grown up with accessible and prevalent computer 

technology have been referred to as digital natives—a generation that has the skills to extract 

meaningful knowledge from media and technology information sources (Veen & Vrakking, 

2006). There is, however, an absence of evidence that growing up in a digital world fosters 

critical thinking within digital media for typically-achieving students, let alone for those with 

specific learning needs in areas related to the processing of information (Kirschner & van 

Merrienboer, 2013).  

The most prevalent exceptionalities for which students receive special education support 

are learning disabilities (subsequently referred to as LD) (National Center for Learning 

Disabilities, 2014). Though there is still debate about what exactly constitutes LD (Buttner & 

Hasselhorn, 2011), research supports the idea that LD reflect underlying cognitive deficits that 

manifest in a number of ways related to specific academic skills. In the most recent edition of The 

Diagnostic and Statistical Manual of Mental Disorders (5th ed.; DSM—5; American Psychiatric 

Association (APA), 2013), different types of LD are identified based on problems that students 

face in specific subject areas. Even within the types of LD, there is variation among students in 

how they experience LD (Geary, 2006), and therefore educators are faced with the task of 

matching supports to diverse individual needs.  



11 

 

Within the three types of LD (APA, 2013)—writing, mathematics, and reading—students 

with reading LD may face the greatest challenge given the heavy reliance on reading as a medium 

for learning across academic subjects and grades. For students to be identified with reading LD, 

they must demonstrate a severely low academic performance in an academic skill related to 

reading that is judged in its severity by the amount of support deemed necessary for the student 

(APA, 2013). Stanovich (1988), however, argued that heterogeneity will exist among poor 

readers and good readers alike, and that reading skills and abilities exist on a continuum or 

dimension along which we pick an arbitrary point to assign labels and determine what is severe. 

Identifying the difference between individuals with reading LD and individuals who struggle with 

reading in general is therefore difficult and possibly unnecessary when we consider that both 

groups of students need support in reading, regardless of whether or not they are identified. 

The present study is focused on students with severe reading comprehension challenges 

and, given Stanovich’s (1988) argument, both individuals with very poor reading comprehension 

and individuals with reading comprehension specific LD can be considered together as 

individuals with severe reading comprehension challenges. Stanovich (1988) argued that because 

of the arbitrary nature of determining what is considered a severe challenge in reading 

comprehension, the literature on students with reading comprehension LD is relevant to any 

student who experiences challenges in reading comprehension. The literature on students with 

reading LD, and specifically reading comprehension, will therefore be considered as relevant for 

individuals with severe challenges in reading comprehension who are not identified with LD. For 

brevity, participants with severe challenges in reading comprehension will be referred to as poor 

comprehenders in the present study, and their peers without severe challenges in reading 

comprehension will be referred to as typically-achieving comprehenders. 

In formal education, all students are exposed to narrative, expository, and graphic text 

formats in the school textbooks they read and the learning material introduced by teachers, as 

well as in the text embedded within standardized testing (EQAO; Education Quality and 
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Accountability Office, 2014). Students move from learning to read with fictional narrative texts 

that are often presented in a common structure (Roberts, Norman, & Cocco, 2013), to 

increasingly complex and abstract texts presented in non-fiction expository and graphic text 

formats (e.g., graphs in math, cycles in biology). Further, students are expected to transfer their 

reading skills and strategies from the narrative text contexts in which they have been learned to 

other contexts involving other text formats (Mastropieri & Scruggs, 1997). Research suggests that 

students with LD experience difficulty transferring learning strategies across contexts (Saenz & 

Fuchs, 2002), which poses a challenge for students with reading LD when they read different 

formats of text.  

Reading comprehension difficulties are often magnified with expository text for students 

with reading LD due to the use of increasingly complex language and lack of consistency and 

predictability in text features and structures (Mason & Hedin, 2011). Graphic text is a subtype of 

expository text that includes both verbal and visual information. This is arguably the most 

unstructured type of text that students encounter in school because it is difficult for a reader to 

ascertain where to begin to read and when to synthesize the information they acquire from the 

verbal and the visual text (Mason & Hedin, 2011). There is very little predictability with the 

unique nature of most instances of graphic text. 

Building comprehension with any type of text is an effortful task. Individuals must use 

executive functions, including shifting and inhibition, to navigate relevant information and ignore 

irrelevant information (Naglieri & Goldstein, 2013). Executive functioning (EF) refers to core 

cognitive functioning processes that individuals use to engage in effortful action (Hofmann, 

Schmeichel, & Baddeley, 2012), and are considered fundamental to the comprehension building 

process (Johnson, Humphrey, Mellard, Woods, & Swanson, 2010). Individuals rely on a 

temporary storage system that also allows for the management and manipulation of verbal and 

visuospatial information, known as working memory (WM; Hofmann et al., 2012).  
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Effective cognitive functioning is essential for the implementation of reading strategies in 

order to build comprehension (Ilkowska & Engle, 2010). Though reading strategies are used for 

understanding all types of text, with graphic text, individuals must often make decisions about 

where to begin reading and must plan for how to proceed as they navigate through the text given 

the great variation in structure of texts. An example of graphic text is a blueprint for a stadium 

that includes words and symbols indicating the different parts of the blueprint; this example of 

graphic text does not have an obvious place for the reader to begin. Individuals must also rely on 

verbal WM to process words, visuospatial WM to process images, and EF to aid with the 

integration of both visual (images and spatial design) and verbal (words) information. Processing 

graphic text is likely a considerable challenge for students with reading LD given the reported 

range of deficits they present in EF and WM (Johnson et al., 2010; Locascio, Mahone, Eason, & 

Cutting, 2010), along with general difficulties with reading comprehension and expository text 

(Mason & Hedin, 2011). 

Purpose 

The purpose of this research is to understand the cognitive and metacognitive influences 

on students’ comprehension building. Two objectives guided the research: to examine how 

students build comprehension with different formats of text, and to examine how cognitive 

functioning influences reading comprehension.  

Individuals who fall below the 25th percentile in a given area of achievement are often 

considered to be a group who experience significant challenges (e.g., Swanson, 1999). To identify 

students with severe challenges in reading comprehension, we can identify a low percentile for a 

cutoff that enables us to establish a significant gap between the severely challenged group and 

those individuals who are considered to be typically-achieving (not high achieving but typically-

achieving). Making comparisons between these two groups then allows for the exploration of any 

differences in reading behaviours and cognitive functioning that may differentiate these groups. 

What is unknown is what differentiates poor comprehenders from their peers who are typically-
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achieving comprehenders—a group who are not high achieving and may experience their own 

challenges in reading comprehension. Therefore the following questions guided the proposed 

research:  

1. What differences exist between poor comprehenders and typically-achieving 

comprehenders in reading comprehension across text formats and in the use of reading strategies 

across text formats? 

2. Which cognitive functions contribute to comprehension across different text 

formats?  

3. Which cognitive functions explain differences between poor and typically-

achieving comprehenders in comprehension across different text formats? 

Rationale 

Bandura’s (1997) concept of reciprocal determinism positions learning as the interplay 

among personal, behavioural, and environmental factors; in order to understand learning, one 

must consider these three kinds of factors concurrently. If we are to understand how students 

build comprehension, a form of learning, we can examine cognitive functioning as a personal 

factor. We can also consider the strategies that students use to build comprehension during 

interactions with text as a behavioural factor. Different formats of text can be considered as an 

environmental factor, where different types of text represent different learning contexts. To 

understand how students build comprehension, we can use narrative, expository, and graphic text 

to examine the comprehension building process across contexts in the interest of examining if the 

process is consistent for students across formats of text. By examining the identified personal, 

behavioural, and environmental factors together, connections can be made among the type and 

frequency of strategy use, the types of text that use specific strategies, and the influence of 

cognitive functioning on reading comprehension. 

As a goal of education, effective reading is required for students in Ontario who must 

successfully complete the Ontario Secondary School Literacy Test (OSSLT) in order to graduate 
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(EQAO, 2014). The OSSLT is a high-stakes standardized test that includes reading tasks with 

different formats of text along with other literacy-related skills that students develop primarily in 

English courses. While English is the only course for students in Ontario that is compulsory in 

each year of secondary school (Ontario Ministry of Education, 2007), reading effectively with 

different formats of text is a practice that is relied upon in most, if not all, classes that students 

take. For example, an Ontario curriculum document for Science refers to scientific literacy—the 

ability to read, interpret, and critically analyse common scientific media reports—as a goal of the 

Science curriculum (Ontario Ministry of Education, 2008). There is a great need to identify 

specific difficulties that students with severe challenges in reading comprehension face when 

reading different formats of text in order to support them effectively given the importance of 

learning reading skills and applying them across text formats for success in school. 

Research has shown that poor reading comprehension impacts life within and beyond the 

classroom for adolescents and young adults. At these ages, individuals with LD report higher 

levels of anxiety, depression, and generally poor mental health than their typically-achieving 

peers as a result of a lack of appropriate support for difficulties associated with LD (Wilson, 

Armstrong, Furrie, & Walcot, 2009). Academic struggles associated with LD can lead some 

students to drop out of school; the most recent Canadian national report on students with LD 

revealed that one-quarter of students with LD did not complete secondary school (Learning 

Disabilities Association of Canada, 2007). Identifying specific struggles that poor comprehenders 

face with different formats of text would allow for more appropriate support to be implemented. 

However, there is currently no published research on how students build comprehension while 

reading graphic text, and therefore no direction for supporting learning needs (and related mental 

health) specific to different text formats.  

Comparing poor comprehenders and their typically-achieving peers on reading strategy 

use and cognitive functioning could reveal unique difficulties with comprehension building 

across text formats for poor comprehenders. Understanding the specific problems poor 
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comprehenders experience and the processes they use with different formats of text would inform 

the design of task-specific interventions for supporting these students and likely lead to a more 

positive school experience.  

Definitions and Assumptions 

Within the present study, reading comprehension refers to gaining an understanding of a 

written text through a process of extraction and the construction of meaning (RAND & Snow, 

2002). Decoding refers to phonemic awareness, associations between letters and sounds, and 

word recognition, and fluency refers to the combination of rate and accuracy of word reading 

(Archer, Gleason, & Vachon, 2003). 

The DSM-V defines learning disabilities, referred to as specific learning disabilities, as 

challenges with learning and the use of academic skills (APA, 2013). These difficulties must be 

indicated by one of six symptoms: inaccurate or slow; effortful reading; difficulty 

comprehending; difficulties with spelling; difficulties with written expression; difficulties with 

number sense, number facts, or calculation; or difficulties with mathematical reading. 

The term metacognitive refers to the awareness of and knowledge about one’s own 

thinking (Zimmerman, 2002). Executive functioning refers to general-purpose control 

mechanisms that modulate the operation of various cognitive sub processes and thereby regulate 

the dynamics of human cognition (Miyake et al., 2000). Working memory is a theoretical 

construct involving a system responsible for the temporary storage and manipulation of 

visuospatial and verbal information (Baddeley & Hitch, 1974). 

For the purpose of the present study, the reading tasks and tests completed by participants 

reflect participants’ typical engagement with each type of text and general abilities in fluency, 

word reading, and reading comprehension. The tasks of working memory and executive 

functioning reflect participants’ abilities to manage information. Regarding reading 

comprehension, poor comprehenders are those who fall at or below the 15th percentile in reading 

comprehension. Finally, students who are typically-achieving comprehenders are those who are at 
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or above the 25th percentile in reading comprehension, but are enrolled in courses at the applied 

level of English in Ontario secondary schools in Grades 9 through 12 (discussed further in 

Chapter 2).  

Organization of Dissertation 

This thesis is comprised of five chapters. Chapter 1 introduces the dissertation, including 

a description of the purpose and the rationale, as well as the definitions of key terms used 

throughout. Using Bandura’s (1997) concept of reciprocal determinism to organize the literature, 

Chapter 2 reviews the research related to personal (cognitive functioning), behavioural (reading 

strategy use), and environmental (type of text) factors and how they interplay to influence reading 

comprehension. Chapter 3 describes the research methodology used in the study, including 

information on the participants, the procedures used in the study, and the measures used to collect 

data. Chapter 4 presents the results of the study before the dissertation concludes with Chapter 5, 

which is made up of a discussion of the overall findings. Chapter 5 also discusses the research 

questions of the study, the overall implications of the findings, the limitations of the study, and 

provides directions for future research.  
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Chapter 2 

Literature Review 

Bandura (1997) argued that understanding behaviour is something that cannot be done 

without consideration of the individual and the environment. Individual characteristics, such as 

learning disabilities (LD) and level of cognitive functioning, must be examined along with 

environmental characteristics, such as when and where students use reading strategies, if one is to 

understand reading comprehension as behaviour. Within Bandura’s (1997) Reciprocal 

Determinism framework, we can organize the variables of interest in the present study into 

personal, behavioural, and environmental categories in order to examine how students build 

comprehension with different formats of text. In the personal category, the literature on LD, 

executive functioning (EF), and working memory (WM) is examined. In the behavioural 

category, the literature on reading strategies is examined, and in the environmental category, the 

literature on different formats of text is examined. 

Personal Factors 

LD, EF, and WM all fall within the personal category because they can be considered 

internal to the individual. Learning disabilities not only affect the way individuals process 

information, but individuals with LD often present with lower confidence in their abilities than 

their non-LD peers (Baird, Scott, Dearing, & Hamill, 2009). EF and WM also directly affect how 

individuals process information given that they are responsible for the management and 

manipulation of information. A review of the literature on LD, EF, and WM in relation to reading 

comprehension follows.  

Learning Disabilities  

Despite the ongoing debate about the precise nature of LD, it is widely believed that LD 

are neurodevelopmental disorders that originate in the brain or central nervous system (e.g., 

DSM-V; APA, 2013), although it is unclear what processes explain its origin (Swanson, 2008). 
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Within academics, individuals with LD, compared to their typically-achieving peers, experience 

learning difficulties related to the processing, organization, and management of information 

(Rosenzweig, Krawec, & Montague, 2011).  

Amidst the debate about the nature of LD, there has also been a lack of consensus about 

how to identify LD. The discrepancy model for identifying individuals with LD, based on a 

significant gap between intelligence and academic achievement, has received ongoing criticism 

for its limitations in recognizing LD (Restori, Katz, & Lee, 2009). Researchers have identified 

limitations based on problems with early identification of LD (Speece, 2002) and with individuals 

with below average intellectual ability (Restori et al., 2009). A number of discrepancy models 

exist and researchers have found inconsistencies in the identification of students across models 

(Proctor & Prevatt, 2003).  

Some researchers see no place at all for the consideration of intellectual ability in the 

identification of LD (Siegel, 2012; Stanovich, 1988). Stanovich (1988) argued that reading LD 

are really a product of an arbitrary decision to cluster individuals artificially within a dimension 

of heterogeneous reader profiles. Siegel (2012) identified that tests used for measuring 

intellectual ability often require the use of skills that individuals with LD may be deficient in, and 

argued for a revised model focused on remediation of learning-related challenges.  

More recently, specialists have incorporated a number of approaches that address both 

the identification and remediation of learning-related challenges. The Response-to-Intervention 

model, based on early identification of learning-related challenges using resistance to levels of 

support as a guide for identification, is focused on supporting students with learning-related 

challenges and can be used in combination with other approaches that focus on more 

comprehensive evaluations of cognitive processing, as well as learning strengths and needs 

(Schultz, Simpson, & Lynch, 2006).  

In a seminal 1984 paper, Palincsar and Brown identified a population of poor readers in 

two studies designed to examine the effects of Reciprocal Teaching as a strategy to build 
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comprehension. The researchers defined the poor readers as a group that had been identified by 

teachers as being adequate decoders but poor comprehenders. Participants who qualified as poor 

readers were required to have scored two levels below their current grade level in reading 

comprehension, while having also met a minimum criterion for decoding fluency. Through the 

process of Reciprocal Teaching, individuals in the poor comprehenders group demonstrated 

improvements in reading comprehension—an effect that generalized to the classroom. Both 

narrative and expository texts were used in the studies, suggesting that individuals with specific 

challenges in reading comprehension can improve their meaning-making ability across text types 

that are focused on verbal information. While it is unknown if participants had LD specific to 

reading comprehension, the approach for improving comprehension worked for the poor reader 

sample, all of whom had significant challenges with reading comprehension. This finding 

suggests that remediation of reading comprehension skills is possible for poor comprehenders, 

possibly regardless of formal LD identification status.  

While there may be similarities between low-achieving students in reading 

comprehension and students with LD in reading comprehension, typically-achieving students and 

students with LD have been found to differ in cognitive functioning. In a study investigating 

differences between students with LD and their non-LD peers, Swanson examined EF among 

other variables (1999). Fifty-four children were split into three groups: 18 with LD, 18 typically-

achieving that were age-matched with the students with LD, and 18 that were approximately three 

years younger, typically–achieving, and reading-level matched with students with LD. The LD 

group consisted of students who had scored below the 25th percentile in reading comprehension or 

word reading ability. Swanson found that the age-matched typically-achieving group 

outperformed the other two groups on all measures and the LD group outperformed the younger 

reading-level matched group in EF, but that the reading-level matched group did not differ from 

the LD group in long-term memory and verbal processing. It is noteworthy that individuals with 

LD had scores below the 25th percentile in both word-reading and reading comprehension, rather 
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than in only one area of reading. The results suggest that students with LD present with 

difficulties in learning-related tasks, as well as with deficits in EF when compared to their same-

aged typically-achieving peers. While significant differences in cognitive functioning may 

distinguish individuals with LD from their non-LD typically-achieving same-age peers as was 

reported in this study, the same is not necessarily true for differentiating individuals with LD in a 

skill such as reading from their peers that are low-achieving in that same skill.  

Despite Stanovich’s (1988) claim about the artificial nature of forming a cluster of 

individuals with LD, some patterns have emerged to distinguish clusters of students with LD, 

even within types of LD. Researchers in a 2010 study did distinguish between two types of 

reading LD—word-reading disabilities and reading comprehension disabilities (Locascio et al., 

2010). Eighty-six students, aged 10-14 years, were split into three groups including 44 students 

with word-reading difficulties, 18 with reading comprehension difficulties, and 24 typically-

achieving students. Participants were screened for LD with word reading and reading 

comprehension tests. Participants were then administered tasks to measure EF and WM. The 

researchers found that participants with word-reading difficulties presented with lower 

performance on verbal WM and inhibition tasks, and participants with reading comprehension 

difficulties presented with lower planning performance. These results suggest that reading 

difficulties are not uniform across students with reading LD.  

Poor comprehenders may struggle with a particular cognitive ability, namely planning, 

which can pose a problem when these individuals are engaging with unstructured graphic text. 

When graphic text does not indicate an obvious place to begin reading and order to continue 

reading in, individuals must rely on planning skills to make decisions about how to proceed 

through the text. Planning may be uniquely important to graphic text as narrative and expository 

text follow a common structure of reading left to right, and top to bottom. Though the presence of 

visual information in graphic text might be expected to assist the reader in comprehending it, the 

importance of planning to comprehending graphic text suggests that poor comprehenders would 
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struggle increasingly as text requires more planning—a skill that they present lower in (Locascio 

et al., 2010). 

Research on poor readers suggests that they present with deficiencies in EF when 

compared to their peers. Despite these patterns, the difficulties poor readers experience when 

compared to their peers without reading challenges are not uniform across all types of LD. While 

researchers have used different methods to identify poor comprehenders, the use of standardized 

measures to establish groups with low reading comprehension performance is a common method 

of studying this population where diagnoses of LD are not made or information diagnoses are 

unavailable. To better understand the population of poor comprehenders, we can examine the 

nature of EF and the WM system—two constructs for which students with LD often present with 

deficits (e.g., Johnson et al., 2010). 

Cognitive Functioning  

The use of EF and the reliance on the WM system to manage information are integral to 

the comprehension building process during text reading (Johnson et al., 2010). Executive 

functioning refers to the base cognitive abilities that individuals use to navigate and process text, 

and working memory is the system that is used to temporarily store and manipulate information 

within text. Together, EF and WM represent individuals’ cognitive functioning because they are 

the internal processes and a system within which cognitive activity is possible.  

Executive functioning. Executive functioning refers to a group of cognitive actions that 

are involved in the management of thinking and behaviour. These processes are crucial for 

actions like planning and executing reading strategies—an important behaviour for effective 

reading comprehension (Johnson et al., 2010). We rely on EF more when tasks require effort and 

less when tasks are automatized. Because reading comprehension is an effortful task, EF is 

logically important for the processing of all formats of text.  

There is debate about which abilities fall under the umbrella of EF (Goldstein, Naglieri, 

Princiotta, & Otero, 2014). In a seminal study, a group of researchers examined three types of 
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EF—shifting, inhibition, and updating—to determine whether they are distinct types of EF 

(Miyake et al., 2000). Shifting involves moving between strategies, pieces of information, or 

tasks to focus on the most relevant one. Inhibition involves restraint against paying attention to 

less relevant information or responses to information in favour of more relevant information and 

responses. Updating involves integrating new information with existing knowledge in order to 

modify, strengthen, or replace it. One hundred thirty-seven college students completed tasks 

typically used to measure each of the three types of EF outlined above. The researchers were 

trying to identify whether or not an underlying factor was the best model of EF. A confirmatory 

factor analysis revealed that the three functions were distinct, though related to each other. With 

this finding, the researchers argued for a model of understanding EF that consists of three distinct 

functions that are combined at times to perform more complex tasks that involve higher-order 

thinking (e.g., planning). An individual who struggles with planning their reading behaviour, a 

skill that should be important as text becomes less structured, may in fact have a deficit in one or 

more of the underlying executive functions according to the findings of Miyake and colleagues 

(2000).  

In a more recent study, researchers aimed to build an inventory of behaviours related to 

EF (Naglieri & Goldstein, 2013). The researchers identified a number of behaviours related to EF 

from the literature, and incorporated them into an inventory. Next, they collected ratings of 

children’s (aged 5-18 years) behaviour by parents and teachers using the inventory. Using the 

national sample of 3500 ratings, the researchers conducted a factor analysis to identify distinct 

behaviours related to EF. The behaviours included attention, emotion regulation, flexibility, 

inhibitory control, initiation, organization, planning, self-monitoring, and WM. Here again, 

planning was proposed as a behaviour associated with EF, rather than as an example of EF itself. 

In the study, attention includes the actions of avoiding distractions, concentrating on tasks, and 

sustaining attention. Emotion regulation involves controlling and managing emotions, and 

flexibility involves adapting to circumstances, including problem solving ability. Inhibitory 
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control involves controlling behaviour or impulses, and initiation involves beginning tasks or 

projects without being prompted. Organization involves managing personal effects, work, or 

multiple tasks. Planning involves developing and implementing strategies to accomplish tasks, 

and self-monitoring involves self-evaluating one’s own performance or behaviour. Finally, WM 

involves keeping important information in mind in order that one can know what to do and how 

to do it, and it includes remembering important things, instructions, and steps.  

Working memory. For decades, researchers in cognitive psychology have examined the 

concept of a system that manages sensory input and allows for the manipulation of incoming and 

stored knowledge, better known as WM (Baddeley & Hitch, 1974). Working memory models 

(e.g., Baddeley & Hitch, 1974) typically present WM as a system that temporarily stores 

information and sorts information into visual and verbal processing channels. Because graphic 

text contains visual (e.g., images) and verbal (e.g., words) information, it is important to 

distinguish between visuospatial and verbal working memory when examining the influence of 

cognitive functioning on reading comprehension across text types.  

Baddeley and Hitch (1974) proposed a functional WM model that included short-term 

memory as a component within the WM system. These researchers posited that the central 

executive, a sub-system responsible for attention to and manipulation of information, controlled 

two slave-systems used for the temporary short-term storage of information known as the 

phonological loop and the visuospatial sketchpad. The central executive was presented as a 

system that manages attention on the information being held by the slave systems in order to 

manipulate and operate on the information while it is maintained in WM. The phonological loop 

was presented as a system that is responsible for storing and maintaining verbal information, 

while the visuospatial sketchpad was presented as a system responsible for the storage and 

maintenance of both visual and spatial information. In 2000, Baddeley added another temporary 

storage system known as the episodic buffer to account for information held in WM that is 

multidimensional and bound together to create an episode (Baddeley, 2006). The episodic buffer 
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is responsible for recalling scenes, and is used as a space for considering outcomes and planning 

behaviour (Baddeley, 2006)—an important process for building comprehension.  

Another model that has received empirical support was developed by Cowan (1988), and 

was similar to Baddeley and Hitch’s (1974) model in that it maintained a multi-component view 

of working memory. Cowan’s model did not specify systems such as the phonological loop or the 

visuospatial sketchpad, but instead included more general short term storage components, 

referred to as activated memory. The central executive used in Baddeley and Hitch’s (1974) 

model is similar to what Cowan (1988) referred to as the focus of attention, which was 

responsible for holding a limited number of activated memory representations within short-term 

memory. Perhaps the major difference between Cowan’s (1988) model and Baddeley and Hitch’s 

(1974) model was where information could be temporarily held. Though originally Baddeley and 

Hitch’s (1974) model stated that the central executive could hold information just as Cowan’s 

model suggests that the focus of attention can hold information itself, Baddeley updated the 

model to modify the role of the central executive. In the most recent version of the model 

(Baddeley, 2000), information is temporarily stored and manipulated in the episodic buffer, while 

the central executive is responsible only for manipulating information that was held by other 

slave systems.   

One final model that has also received empirical support was developed by Ericsson and 

Kintsch (1995), and could be considered the most unique of the three models. Ericsson and 

Kintsch (1995) developed a model of working memory based on other models’ inability to 

account for individuals’ ability to recall information after long periods of disruption. Ericsson and 

Kintsch’s (1995) model places working memory as a system operating within the larger long-

term memory system, and this working memory functional model is referred to as long term 

working memory. Ericsson and Kintsch (1995) argued that when individuals read, the 

information they are required to hold on to for comprehension exceeds the putative limits of 

working memory, and therefore that this information must be stored in long-term memory only to 
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be called upon when cued by other connected information. This model suggests that only a few 

elements need to be held in working memory at one time, given that these elements can serve as 

cues to other groups of information that are associated by so called retrieval structures. This 

model is unique in that it does not rely upon temporary storage systems, but instead argues that 

most, if not all, incoming information is stored in long-term memory, only to be recalled if it is 

relevant to mental activity going forward.  

Though other models of WM exist, Baddeley and Hitch’s (1974) model best fits the 

present study given the presence of both verbal and visual information within graphic text. 

Additionally, Baddeley and Hitch’s (1974) model is used most often as the WM model for 

research on students with LD (e.g., Swanson, 1999).   

There is some support for the idea that individuals with LD present with a deficiency in 

verbal and visuospatial WM, though it is not clear whether the deficiency is a result of a capacity 

deficit or inefficient use of WM (Malekpour, Aghababaei, & Abedi, 2013). Deficiencies in WM 

have been viewed in research as central to reading disorders (Swanson, Howard, & Saez, 2006) 

and WM has been implicated in most models used for reading comprehension (van den Broek, 

Rapp, & Kendeou, 2005).  

Many researchers agree that literacy is most closely related to the verbal component of 

WM (Silva, Faisca, Inguar, Petersson, & Reis, 2012). Verbal WM tasks have been found to 

correlate highly with children’s reading abilities, especially with reading comprehension 

(Malekpour et al., 2013). In one study, researchers compared verbal and visuospatial WM scores 

of literate and illiterate individuals with a mean age in their mid-60s (Silva et al., 2012). The 

researchers found that literate individuals demonstrated a more efficient functioning of verbal 

WM when compared to their illiterate peers, though no significant differences were found in 

visuospatial WM between groups. Literacy levels were determined using a short word activity 

and a short text passage with comprehension questions (type of text was not specified), along 

with a number of questions regarding reading-related behaviour and education background. While 
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these findings suggest that verbal WM is important in reading, it is still unclear how cognitive 

functioning influences reading comprehension across text types. When visual information is 

available along with verbal information, such as in graphic text, it is possible that some 

individuals would rely on visuospatial WM to build comprehension instead of relying only on 

verbal WM.  

Individual tasks that typically comprise WM batteries are often categorized as either 

measuring verbal WM or visuospatial WM. A common task used for measuring verbal WM is 

some form of a span activity that requires an individual to recall verbal information and 

manipulate it. Verbal WM is often measured using the reading span test, which requires 

individuals to read a series of sentences and recall the last word in each one (Daneman & 

Carpenter, 1980; Malekpour et al., 2013). The task draws on verbal WM because it requires a 

storage component for recalling the words in each sentence, which is then accessed to identify the 

last word in each sentence, requiring frequent updating of the verbal information—in this case the 

last word that is to be recalled. Updating is viewed as a part of the central executive within WM 

by some researchers (e.g., Baddeley, 2000), though others include it as a core element of EF 

(Miyake et al., 2000). For the purposes of the present study, the activities used to capture both 

types of WM required participants to update information, and therefore updating was considered 

as a set of processes within WM. As individuals build comprehension while reading, 

remembering bits of information from previous sentences and paragraphs is paramount to 

understanding the text.  

A common task that has been used for measuring visuospatial WM is some form of a 

sequence task that requires an individual to recall visual/spatial information and manipulate it. 

Visuospatial WM has often been measured using the backwards block-tapping task that requires 

individuals to recall the sequence in which blocks are tapped and to recreate it in reverse order 

(Malekpour et al., 2013). The task draws on visuospatial WM because it requires a storage 

component for recalling the tapping sequence, which is then drawn upon to reverse the pattern, 
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again requiring frequent updating and reassessing to ensure the reverse sequence is correct. 

Particularly with graphic text, one could argue that recalling which parts of the unstructured text 

have been already read or examined is important in deciding where to go next and eventually how 

a cycle or system works—a common topic of focus in graphic text. 

With both verbal and visuospatial WM tasks, distinctions can be made between WM and 

short-term memory tasks because WM tasks typically require the use of storage and manipulation 

of the stored information, whereas short-term memory tasks only require the storage of 

information. The WM system seems to involve at least three elements: attention, temporary 

storage, and organization of information by type (visual and verbal), all of which are drawn upon 

for various cognitive actions and processes that involve the manipulation of information. All three 

elements are present in the Baddeley and Hitch (1974) WM model.  

The challenge of distinguishing among executive functions. Though some researchers 

argue for the existence of three types of EF, namely shifting, inhibition, and updating (e.g, 

Davidson, Amso, Anderson, & Diamond, 2006), others argue that EF reflects one construct (e.g., 

Duncan & Miller, 2002). Variables that are included in Naglieri and Goldstein’s (2013) collection 

of behaviours related to EF have also been defined as EF in literature, notably with planning as a 

type of EF related to individuals’ reading comprehension challenges (Locascio et al., 2010). 

Miyake and colleagues’ (2000) concept of updating is similar in nature to the WM system (St 

Clair-Thompson & Gathercole, 2006), and there is some conceptual overlap between Miyake and 

colleagues’ (2000) updating description for integrating new information and Naglieri and 

Goldstein’s (2013) WM description for maintaining and recalling information.  

The Baddeley and Hitch (1974) model has gone through changes since the original 

conception. In a recent article, Baddeley (2012) described the current conception of the model 

and how EF relates to WM. The primary function of the central executive was originally 

proposed as relating to the control of attention, but Baddeley outlined four specific executive 

tasks that it is responsible for that align well with distinct executive functions as identified by 
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various models. These include the capacity to interface with long-term memory (updating), the 

capacity to switch between tasks (shifting), and the ability to focus attention, which could be seen 

as related to inhibition. This conceptualization of the WM system distinguishes specific cognitive 

abilities (e.g., inhibition), but organizes them within a theoretical system that works together to 

allow for the processing of information and higher-order processes including the use of reading 

strategies to build comprehension. Though planning is not explicitly mentioned as a function of 

WM in this conceptualization, theoretically it is a function that is possible with the capacities of 

WM based on individuals’ abilities to access information from long-term memory to set goals, 

and to maintain goals in active attention as individuals work toward them (Georgiou & Das, 

2016). All said, there is a lack of consensus about what actions or behaviours constitute EF, and 

therefore, for the purposes of the present study, the literature that includes variables that have 

been defined as cognitive functions in relation to reading comprehension is reviewed. 

Cognitive functioning and reading comprehension. A number of recent studies were 

conducted to examine how cognitive functioning relates to reading comprehension with some 

studies using narrative and expository text types, though none explicitly stated that graphic text 

was used in evaluating reading comprehension.  

A group of researchers published data from 483 students aged 8-16 years to assess the 

relationship between cognitive functioning and reading (Christopher et al., 2012). The researchers 

assessed WM with three tests including digit span, sentence span, and counting span. Digit span 

included both recalling series of numbers in order, as well as in reverse order as a backwards digit 

span task. Sentence span required participants to generate appropriate words for the end of 

incomplete sentences before recalling each of the generated words in sets of varying lengths, and 

counting span required participants to recall the number of yellow dots on each card within sets 

that ranged from 2-6 cards, and then recall the number of dots on each card in order. Of the three 

tests, counting span was the only test that likely tapped into visuospatial WM ability, though no 

distinctions were made between verbal and visuospatial WM in the study. Inhibition was assessed 
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using two versions of a test for continuous performance with digits, with one version requiring 

participants to press a button whenever a target series of digits appeared, and the other version 

requiring the same in the presence of distractor digits. Another inhibition test for stop signal 

reaction time required participants to press one of two letter buttons based on a corresponding 

letter that appeared on screen, with some trials including an auditory tone shortly after the 

presentation of the on-screen letter indicating that they should not press the button. Reading 

comprehension measures included four tests that required supplying a missing word to a sentence, 

answering multiple-choice questions about passages, and matching pictures to text passages. 

Working memory predicted both reading comprehension and word reading ability, but inhibition 

did not uniquely predict either reading variable. The researchers posited that inhibition was 

subsumed by other general cognitive abilities, including processing speed, WM, and naming 

speed. The authors did not provide explicit information about what types of text were used to 

assess reading comprehension. 

Three researchers conducted a study in 2013, again assessing cognitive functions and 

reading ability, but with both narrative and expository texts to assess reading comprehension 

(Kieffer et al., 2013).  Grade 4 students were chosen as the population for this study because it 

represents a period of study when students have transitioned from learning to read to reading to 

learn, making it viable to include expository texts in addition to narrative texts. One hundred 

twenty students completed a visual matrix task to measure their WM, requiring them to memorize 

a matrix of dots, answer a question about the matrix, and then recreate the sequence on a blank 

matrix. This is used as a measure of visuospatial WM, and no measure appears to have been used 

for verbal WM in this study. A card-sorting task was used to measure participants’ attention 

shifting ability, where participants sorted cards containing shapes, numbers, and colours into 

unspecified categories, and they were only given feedback as to whether or not the sorting 

method is correct before it eventually switches. A modified version of the Stroop task was used to 

measure participants’ inhibitory control, where participants were presented with series of 
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identical digits where the number of digits in each series did not match the digits that were used 

in each series. All three cognitive functions were significantly related to reading comprehension, 

and there were no significant correlations between each pair of cognitive functions, suggesting 

that each cognitive function was distinct. Despite the use of different styles of text, the 

researchers did not examine the relationship among cognitive functions and styles of text.  

In 2014, a group of researchers examined the relationship between EF, WM, and reading 

in a wide range of students in Grades 6 to 12, for a total of 1,763 participants (Arrington, Kulesz, 

Francis, Fletcher, & Barnes, 2014). The researchers found that WM, sustained attention, and 

cognitive inhibition all had significant direct effects on reading comprehension. Reading 

comprehension was measured using the Gates-MacGinitie Reading Test, requiring participants to 

answer comprehension questions based on age-appropriate text passages in both the narrative and 

expository styles. WM was measured with a backwards digit span activity, suggesting that only 

verbal WM was measured in the study. Both sustained attention and response inhibition were 

measured using a stop signal task, as was described in the study by Christopher and colleagues 

(2012). Sustained attention was scored using the reaction times and response inhibition was 

scored using participants’ abilities to inhibit their response of pressing the button. Cognitive 

inhibition, as distinct from response inhibition, was defined as the intentional control of mental 

processes as opposed to the control of behavioural reactions. Cognitive inhibition was therefore 

measured using a word-forgetting activity. The word-forgetting activity required students to view 

a list of words, and in some trials two lists of words, and remember the last list through a verbal 

presentation of digits for interference to recall a target word based on a prompt. The researchers 

suggested that cognitive inhibition skills are necessary for effective reading comprehension as 

they help to limit the amount of information that is used in working memory so as not to 

overwhelm the system and make the processing of information challenging. No distinction was 

made between verbal and visuospatial WM in the study.   
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Researchers in another study examined reading ability along with WM, with verbal and 

visuospatial WM assessed separately (Pham & Hasson, 2014). The researchers measured verbal 

WM using a backwards digit span task and visuospatial WM with a spatial span task that required 

participants to tap out a sequence on blocks in reverse order to what was displayed. Reading 

comprehension was assessed using a test that included multiple-choice questions following the 

reading of text paragraph passages. The passages are described as developmentally sequenced, 

though there was no explicit statement of what types of text were included. Both verbal and 

visuospatial WM significantly contributed to reading comprehension.  

Most research that examines reading comprehension seems to measure it using questions 

following a reading. One group of researchers examined the involvement of cognitive functions 

in reading comprehension by type of question (literal vs. inferential), as well as the role cognitive 

functions play in distinguishing between poor comprehenders and good comprehenders (Potocki, 

Sanchez, Ecalle, & Magnan, 2017). WM, planning, and inhibition predicted reading 

comprehension as measured by inferential questions that required the reader to combine 

information in text with prior knowledge, but they did not predict reading comprehension as 

measured by literal questions that require the reader to identify information in the text. In the 

second study, the researchers identified that while differences in reading comprehension between 

poor and good comprehenders can be attributed to both linguistic (e.g., vocabulary) and executive 

(cognitive functioning) factors in elementary-aged students (Grades 3 and 5), only executive 

factors, namely WM, inhibition, shifting, and planning, were different between groups in later-

elementary school years (Grades 7 and 9). Together these studies demonstrate the importance of 

cognitive functioning when comprehension measures are more challenging and require more 

effort, as well as the importance of cognitive functioning in distinguishing poor comprehenders 

from good comprehenders.  

Among the myriad ways the relationship between cognitive functions and reading 

comprehension has been examined (e.g., differences in measurement of EF), one researcher 
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conducted a meta-analysis of the existing literature (Follmer, 2018). The meta-analysis revealed 

that WM, inhibition, shifting, and planning were all found to be moderately associated with 

reading comprehension. The findings support the important role of the included cognitive 

functions in helping readers build comprehension, specifically by allowing for the integration of 

information in text with prior knowledge and information already read (WM), the inhibition of 

ideas or information in text that is not relevant (inhibition), the concurrent processing of different 

parts of the text and flexible use of different strategies during reading (shifting), and the 

development and revision of plans for reading (planning).  

Looking at the corpus of research on cognitive functioning and reading comprehension, 

several patterns emerge. Cognitive functioning seems to play an important role in reading 

comprehension (Follmer, 2018) and in distinguishing between students that struggle with 

comprehension and those that do not struggle with comprehension (Potocki et al., 2017). 

Specifically, working memory seems to predict reading comprehension in both elementary 

school-aged students (Christopher et al., 2012; Kieffer et al., 2013; Pham & Hasson, 2014) and 

secondary school-aged students (Arrington et al., 2014), as well as with students both with and 

without LD (Sesma, Mahone, Levine, Eason, & Cutting, 2009). Pham and Hasson (2014) found 

differences in how visuospatial WM and verbal WM predicted reading comprehension, and 

suggested that visuospatial WM may play a significant role in higher order reading 

comprehension related processes, like specific reading strategies. The pattern with EF and reading 

comprehension is less clear, where updating was not explicitly measured in any studies. Shifting 

attention appears to be related to reading comprehension in elementary school-aged students 

(Kieffer et al., 2013). Inhibition also appears to be related to reading comprehension in 

elementary school-aged students (Kieffer et al., 2013) and secondary school-aged students 

(Arrington et al., 2014), though Christopher et al. (2012) did not find a significant correlation, 

suggesting that the EF may have been subsumed by other measures. The potential for overlap 

between measures for WM and EF highlights the importance of measuring WM and EF 
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separately to understand better which cognitive functions are most important for building reading 

comprehension.  

Despite the evident importance of WM and EF to reading comprehension, there is great 

variation among studies in how each variable is assessed. Visuospatial WM has been measured 

using a spatial span task (Locascio et al., 2010), a counting span task (Christopher et al., 2012), a 

reverse-block tapping task (Pham & Hasson, 2014), and a visual matrix task (Kieffer et al., 2013). 

Verbal WM has been measured using a sentence span task (Christopher et al., 2012; Locascio et 

al., 2010) and a backwards digit-span task (Arrington et al., 2014; Christopher et al., 2012; 

Locascio et al., 2010; Pham & Hasson, 2014; Sesma et al., 2009). Inhibition has been measured 

using at least six different tasks: a conflicting motor response task, a contralateral motor response 

task (Locascio et al., 2010), a button-pressing task with digits (Christopher et al., 2012), a stop-

signal task (Arrington et al., 2014; Christopher et al., 2012), a stroop task (Kieffer et al., 2013), 

and a word-forgetting task (Arrington et al., 2014). Shifting has been measured using only a card-

sorting task (Kieffer et al., 2013).  

In each of the studies reviewed, reading comprehension was assessed using a 

standardized measure that included the use of multiple-choice comprehension questions following 

a text passage (Arrington et al., 2014; Christopher et al., 2012; Kieffer et al., 2013; Pham & 

Hasson, 2014; Sesma et al., 2009). In each of the studies, narrative text was used to assess reading 

comprehension, and expository text was also used when it was grade-appropriate as deemed by 

the standardized measures of reading used. None of the studies appeared to have included graphic 

text, and in no case was a distinction made between expository text comprehension and narrative 

text comprehension.  

Across these studies, distinguishing between verbal and visuospatial WM as well as 

different types of EF was inconsistent making it difficult to establish a clear pattern between 

cognitive functioning and reading comprehension. Across the collection of studies on cognitive 

functioning and reading comprehension, variation in the assessment of cognitive functioning 
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variables becomes a limitation as different measures do not necessarily measure the same variable 

and overlap is possible. As for other limitations, despite the presence of both narrative and 

expository text types in the literature (e.g., Kieffer et al., 2013), no distinctions have been made 

between text types in terms of the influence of cognitive functions on reading comprehension in 

these forms of text.  

The cognitive functions identified as inhibition, shifting, planning, as well as both 

visuospatial and verbal WM, appear to play important roles in effective reading comprehension, 

though it is unclear if this is the case for all kinds of text. Research has suggested that WM and 

EF may tap into the same underlying construct (McCabe, Roediger, McDaniel, Balota, & 

Hambrick, 2010), where measures of EF and WM may overlap. For example, updating would 

likely be involved in many tasks used to measure WM, such as completing the backwards digit 

span task that requires updating of information drawn from the WM system. To best represent the 

relationship between cognitive functioning and reading comprehension, one should employ 

multiple validated tasks for each cognitive functioning domain that best represents the range in 

structure of each variable (e.g., digit and letter span for verbal WM).  

Cognitive functioning can be viewed as a set of abilities that make behaviours like using 

reading strategies possible. In order to build comprehension during reading, one must shift 

between items of important information and inhibit information that is less important, and 

constantly update one’s understanding of what is happening in the text as new information needs 

to be processed. Readers draw upon verbal WM resources to make sense of the text, and likely 

also use visuospatial WM resources to make sense of graphic text. One way that students use 

cognitive functions to support their reading is through the use of cognitive strategies that involve 

a direct engagement with the text, and metacognitive strategies that involve reflection on one’s 

own thinking during reading (Ilkowska & Engle, 2010). Researchers have examined how students 

use such strategies when reading for decades (Baumann, Seifert-Kessell, & Jones, 1992; 

Schellings, van Hout-Wolters, Veenman, & Mejer, 2013). 



36 

 

Behavioural Factors 

The process of building reading comprehension involves the use of reading strategies—

goal-directed behaviours that allow readers to decode text and construct meaning (Anastasiou & 

Griva, 2009). During the comprehension building process, good readers use both cognitive and 

metacognitive reading strategies to make sense of the text. Cognitive strategies involve a direct 

interaction with the text (e.g., summarizing information) and are necessary to build reading 

comprehension, while metacognitive strategies involve awareness and control of learning (e.g., 

monitoring comprehension) and are necessary for understanding the process of building reading 

comprehension (Pressley & Afflerbach, 1995). Each type of strategy has been found to play a 

unique role in reading comprehension after reading accuracy and reading fluency are controlled 

for (Anastasiou & Griva, 2009).  

Research also suggests that there are differences in how good readers and poor readers 

interact with the text when building comprehension. Students with severe deficits in reading 

comprehension, including those identified with LD specific to reading comprehension, are 

considered to be poor readers despite having otherwise typical reading (decoding and fluency) 

skills. Good readers seem to use both cognitive and metacognitive reading strategies more 

frequently and more effectively than poor readers (Anastasiou & Griva, 2009; Lau, 2006). Poor 

comprehenders do not seem to make adjustments in strategy use between easy and difficult 

reading tasks (Mokhtari & Sheorey, 2002). Additionally, researchers found discrepancies 

between the reading strategies students with LD reported they had used and what they had 

actually used when observed during reading tasks (Mokhtari & Sheorey, 2002). Students with LD 

are often considered to be poor readers, and these discrepancies may reflect a lack of 

metacognitive awareness of the difficulty of a task and of the strategies used. 

In one study, researchers examined strategies students with LD used when solving math 

problems that increased in difficulty, and among the findings was that students with LD reverted 

to less productive strategies when faced with challenging problems (Rosenzweig et al., 2011). 
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This could be a result of students with LD possessing fewer cognitive and metacognitive 

resources as evidenced by poorer cognitive functioning (e.g., Swanson, 1999), using resources 

inefficiently, or a combination of both that results in restricted engagement of cognitive and 

metacognitive strategies. Most studies that examine strategy use seem to use a methodology 

where participants report their strategy use as they are completing a task or shortly thereafter. 

Some researchers (Winne et al., 2006), however, have tracked strategy use during task 

engagement without requiring participants to verbally report their activity. 

In two studies about strategy use (Lau, 2006; Rosenzweig et al., 2011), researchers 

employed a think aloud methodology—a process whereby researchers seek to record the thinking 

process while individuals are completing a task through their real-time verbalizations of their 

thinking and behaviour. A think-aloud requires participants to use metacognitive resources to 

monitor their behaviour and then verbalize it as they are completing a task. Eight students, split 

evenly into poor readers and good readers based on their past achievement, were asked to think-

aloud and answer comprehension questions following reading of both narrative and expository 

text (Lau, 2006). Along with scoring higher in comprehension on both texts, the good readers also 

used more cognitive and metacognitive strategies than their poor-reader peers. The researchers 

also concluded that good readers might be more motivated to engage with text while reading than 

their poor-reader peers. The findings from this study suggest that good readers engage with text 

more and also understand it more than poor readers, and this may be due in part to motivation.  

In the same study, Lau and colleagues (2006) had the participants provide information 

about their reading motivation in an interview. The good readers reported that they liked reading, 

and their behaviour in the think-alouds demonstrated this through their willingness to engage with 

the texts more deeply. The poor readers reported a general dislike for reading, and that they read 

to fulfill their teachers’ desires rather than for personal enjoyment. The poor readers’ behaviour in 

the think-alouds was consistent with their interview responses, including impatience with the 

reading tasks and an unwillingness to engage deeply with the texts—something that became more 
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pronounced with the expository text. These findings suggest that while poor comprehenders may 

possess weaker reading skills including fewer reading strategies, they also may simply put forth 

less effort in reading tasks because they do not enjoy them and are not good at them. Though 

graphic text was not included in Lau and colleagues’ (2006) study, one might expect even greater 

differences between typically-achieving and poor comprehenders in reading comprehension and 

strategy use with graphic text given that it could be considered more challenging. 

Given the reputed deficiencies in cognitive functioning that students with LD possess 

when compared to their non-LD peers (e.g., Swanson, 1999), engaging in a think aloud can be a 

difficult task for students with LD. In a similar study to Lau’s (2006) using students as 

participants (Anastasiou & Griva, 2009), researchers instead opted for a retrospective interview to 

measure reading strategy use of good and poor readers with both narrative and expository text. 

Participants received a reading-screening test, the results of which were confirmed as consistent 

by their teachers to determine their status as good or poor readers. Good readers reported that 

they employed both cognitive and metacognitive strategies more often than their poor-reading 

peers. While this result is consistent with other research differentiating good and poor readers 

(Lau, 2006), past research suggests that individuals with LD—a population that could make up a 

portion of the poor reader group—may be less accurate in their reporting of what strategies they 

actually used while reading than their typically-achieving peers (Mokhtari & Sheorey, 2002). 

While the use of think-aloud reporting in the present study decreases the possibility of individuals 

misreporting their strategy use given that it is concurrent to processing, inaccuracy in reporting 

could be in part a result of poor metacognitive skills.  

Both think-aloud and retrospective interview methods have drawbacks and benefits. The 

think-aloud methodology benefits from concurrent reporting and processing which should 

produce a more accurate report than retrospective interviews that rely on memory (e.g., Mokhtari 

& Sheorey, 2002), though think-aloud reporting is more taxing on individuals given the 

concurrent processing and reporting. As has been suggested in past research involving poor 
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readers and reading strategy use (e.g., Anastasiou & Griva, 2009), poor readers may simply be 

less informed about strategies that they could use than their peers. An advantage that think-aloud 

reporting offers over retrospective interviewing is that participants may suggest the use of 

strategies that they may not even realize are strategies through their ongoing verbalizations, 

allowing the researcher to code them as such whereas these strategies may be missed if the 

participant is the one that must identify strategy use, such as in the case of retrospective 

interviews. 

In both cases with reporting techniques, researchers typically use a coding protocol to 

make sense of the data collected in order to come to conclusions about strategy use. Two studies 

(Anastasiou & Griva, 2009; Lau, 2006) about reading strategy use employed a taxonomy 

developed by Pressley and Afflerbach (1995) in order to sort the verbal data into cognitive and 

metacognitive strategy categories. Pressley and Afflerbach (1995) did not distinguish among text 

types in their taxonomy, suggesting that either the assumption was made that reading strategies 

can be used across text types, or that text type, specifically graphic text, was not considered. 

Unique properties of graphic text compared to both narrative and expository text, including both 

visual and spatial presentation of information, warrant a consideration of whether or not unique 

reading strategies should be considered for teaching graphic text comprehension. For example, 

unlike with narrative and expository text, individuals must integrate different types of information 

rather than solely integrating different ideas within the text. 

The taxonomy developed by Pressley and Afflerbach (1995) can be used to analyze data 

on reading strategy use from a think-aloud protocol or a retrospective interview. When 

individuals engage in retrospective interviews, data is limited not only to the strategies that 

individuals remember using during the task, but to strategies that they are aware of generally. In 

think-aloud reporting, individuals ideally verbalize all cognitive activity and therefore may report 

on all cognitive activity that takes place, and the use of strategies that they might not think of as 

strategies that are later identified by the researcher using a coding protocol.  
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All individuals rely on cognitive functioning resources and actions in order to employ 

reading strategies when building comprehension. Understandably, poor readers, often including 

students with LD, present with deficiencies in cognitive functioning (e.g., Swanson, 1999) and 

use fewer reading strategies and less effectively than their non-LD peers (e.g., Lau, 2006) with 

both narrative and expository text. There are over 150 reading strategies, both cognitive and 

metacognitive, identified by Pressley and Afflerbach (1995) that individuals use to build 

comprehension, though research about students with LD and reading strategy use is limited to 

narrative and expository text, leaving us to hypothesize about graphic text. The think-aloud 

methodology may provide a more accurate and richer record of both poor and typically-achieving 

comprehenders’ use of reading strategies during the process of building reading comprehension 

than retrospective interviews that rely on individuals’ memory and knowledge of strategies. 

Returning to Bandura’s (1997) concept of reciprocal determinism, in order to understand the 

comprehension building process for students, it is important to examine the process across 

learning environments. 

Environmental Factors 

For the present study, the environmental factors of interest are the types of text that 

students engage. While students may encounter narrative text in their lives following formal 

schooling in the books that they read, expository and graphic text are also ubiquitous in 

newspapers, technical reports, instruction manuals, and directions. Understanding how students 

engage with narrative text does not fully represent how they build comprehension, and it may not 

even reflect how they build comprehension when different text types are considered. In order to 

compare groups in terms of strategy use and reading comprehension, it is important to consider 

how to establish each group. 

Identifying Poor and Typically-Achieving Comprehenders  

To compare poor comprehenders with typically-achieving comprehenders, one might 

consider using a screening test (e.g., Anastasiou & Griva, 2009) to establish reading 
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comprehension scores and then determine cutoffs of what might constitute poor and typical 

achievement. Another avenue for identifying both groups would be to look at the learning 

environments that students are placed into based on past achievement.  

Many secondary schools use streaming in order to meet diverse students’ needs (e.g., 

Ontario Ministry of Education, 2007)—a practice that typically is based on the consideration of 

past school achievement. Separate streams within major subject areas also may lead to distinct 

career trajectories concerning post-secondary education or work where specific course types act 

as prerequisites for later learning and work opportunities.  

Applied courses in Ontario are designed to examine the essential concepts of subjects 

(Ontario Ministry of Education, 2011). Academic courses, in comparison to applied courses, 

focus on theoretical and abstract constructs, preparing students with a history of high achievement 

for University level education. Teachers generally recommend that students who are typically-

achieving or have specific learning needs enroll in applied level courses. This suggests that in 

Ontario we would find typically-achieving comprehenders enrolled in applied level English 

courses rather than in academic level English courses. Similarly, poor comprehenders, who 

struggle to understand what they read, but who may have average reading skills in decoding, are 

most likely to be enrolled in applied level courses.  

Some researchers have examined the influence of learning environment on student 

achievement and other related variables. For example, according to one study (Trautwein & 

Ludtke, 2007), the way students conceptualize learning and intelligence may vary between 

learning environments. One researcher found that individuals in the applied-level English stream 

in Ontario were significantly less confident than their peers in the academic-level English stream 

in their abilities to manage their own learning (Matheson, 2015). Students within the applied 

stream may differ from their peers in the academic stream in the ways they think about other 

academic-related abilities. The applied stream represents a learning environment that likely 

includes students with a range of specific learning needs (e.g., reading comprehension) and levels 
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of achievement, though students within it would likely be typically-achieving in the subject at 

best relative to their peers in the academic stream. 

Considering Text Types  

Narrative, expository, and graphic text are identified as three types of text that students 

engage with in the classroom and in standardized testing (e.g., EQAO, 2014). Narrative text is 

characterized as a format that is written to entertain the reader; often it contains characters, plot, 

and themes (Saenz & Fuchs, 2002). Expository text is a format that is written to communicate 

information, and is therefore often seen in textbooks and newspapers, among other mediums 

(Saenz & Fuchs, 2002). Where graphic text is a form of expository text, as it is used to 

communicate information about a topic, it must contain one or more graphical devices (e.g., 

diagram) in order to convey information both verbally and visually (Roberts et al., 2013). All of 

the published research on poor and typically-achieving comprehenders has been conducted using 

narrative and expository text.  

Researchers have found that students with LD read expository text less fluently and less 

effectively than narrative text (Lau, 2006; Saenz & Fuchs, 2002). Because expository text often 

contains complex vocabulary (Mason & Hedin, 2011), individuals with LD that affect word 

reading might have a more difficult time processing words in expository text compared to the less 

complex words used in narrative text. Additionally, expository text is characterized by great 

variability between texts in how information is organized and structured (e.g., compare and 

contrast, time sequence, procedural) (Mason & Hedin, 2011), making it more challenging for 

individuals who already struggle with building comprehension of narrative text.  

Though researchers have included both narrative and expository text types when 

examining reading strategy use (Anastasiou & Griva, 2009; Lau, 2006), the only comparisons that 

have been made are on the product of reading comprehension as assessed by comprehension 

questions (Lau, 2006), where expository text seems to be more challenging for poor readers to 

comprehend than narrative text. As graphic text is a form of expository text, it is also 
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characterized by complex vocabulary and variability in structure, and poor comprehenders would 

likely experience more difficulty when reading it compared to narrative text.  

An example of graphic text is a passage that was used in a version of the Ontario 

Secondary School Literacy Test (EQAO, 2009). The text passage is one page, and includes a 

graphic of a multi-level fish farm in the middle of the page. Eight captions surround the graphic, 

though no caption offers an obvious place to begin reading. Within the graphic, arrows are 

present to indicate the direction that water flows through the farm circuit. For successful 

comprehension, students must integrate the verbal and visual information to understand that clean 

water is pumped into the fish tanks, after which the water is drained and naturally cleaned before 

being re-oxygenated for re-use. The presence of two types of information, visual (images) and 

verbal (words), as well as the lack of a common structure with no clear place to begin or clear 

order in which to read qualifies this text passage as a typical example of static graphic text. Two 

separate versions of the Ontario Secondary School Literacy test involved different structures and 

complex vocabulary, with one version (EQAO, 2011) requiring individuals to process graphs and 

information about Canada’s recreational fishing industry, and another version requiring 

individuals to navigate a map and charts about the international soybean industry (EQAO, 2013). 

Researchers have examined how individuals read with text that involves more than one type of 

information, and how cognitive functioning influences this process. 

Graphic Text as Multimedia Learning  

Graphic text is considered a form of multimedia given its use of both visual and verbal 

information. Two similar models of multimedia learning have been proposed (Mayer, 2005; 

Schnotz, 2005) to explain how individuals learn with multiple representations of information 

(e.g., written text and pictures). Schnotz (2005) proposed An Integrated Model of Text and 

Picture Comprehension, while Mayer (2005) proposed the Cognitive Theory of Multimedia 

Learning. Both models also share structural features and integrate three systems of memory—

sensory memory, WM, and long-term memory (Atkinson & Shiffrin, 1971).  
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Sensory memory refers to a temporary (1-3 seconds) holding place for incoming 

information from the external world (Schnotz, 2005). Long-term memory refers to a storage place 

that holds large amounts of information over long periods of time (Mayer, 2005). It is the WM 

system with which research in multimedia learning has been most concerned, as both Schnotz’s 

(2005) and Mayer’s (2005) models of multimedia learning suggest that learning occurs within the 

WM system. The WM system allows for the manipulation and integration of both incoming and 

stored information (Baddeley & Hitch, 1974) and relies on a phonological sub-system for verbal 

information and a visuospatial sub-system for visual and spatial information. Sensory, working, 

and long-term memory cooperate in both Schnotz’s (2005) and Mayer’s (2005) models of 

multimedia learning. The major difference between Schnotz’s (2005) and Mayer’s (2005) models 

is that Mayer’s model emphasizes mode (verbal vs. pictorial) and Schnotz’s model emphasizes 

representation (descriptive vs. depictive) (Hochpochler et al., 2013). 

Despite differences in the terminology used, the structures and general processes 

involved in Schnotz’s (2005) and Mayer’s (2005) models are similar. In both models, multimedia 

information like static graphic text enters the WM system through the sensory memory system 

where individuals select relevant information to look at and listen to. Individuals’ eyes register 

visual information (written words and pictures) and the ears register verbal information—

something that is absent when we read static graphic text. Any information that enters through the 

eyes and ears is temporarily held where it can be filtered and organized into a visual or verbal 

channel in WM. For graphic text, images enter into sensory memory through the eyes, and are 

then organized into the visual working memory channel. Written text also enters into working 

memory through the eyes, but is organized into the verbal channel of WM. Once organized in the 

WM system, the separate pieces of information are held together and integrated into a coherent 

representation. Relevant prior knowledge from long-term memory is integrated with the new 

information, and individuals develop an understanding of the information.  
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Both Schnotz’s (2005) and Mayer’s (2005) models operate on a set of three foundations 

about the way individuals learn that have been tested empirically. The first assumption is that 

there are two channels within the WM system, one for visual information and one for verbal 

information, that process information separately from each other. The second assumption is that 

both channels have a limited capacity as to how much information can be processed at one time. 

The final assumption is that, when individuals are learning with multimedia, they are actively 

processing the information by selecting relevant information, organizing the information by type, 

and integrating the different types of information with relevant prior knowledge. Because 

research in multimedia learning has been conducted mainly with a particular population—that is 

students in post-secondary education who have had success academically—we must extrapolate 

with caution to other populations like poor and typically-achieving comprehenders that are 

younger, may not have had success academically, and may never pursue post-secondary 

education.  

Research generally supports the idea that verbal and visual information are processed 

separately (Pazzaglia, Toso, & Cacciamani, 2008), and that visual and verbal resources are 

limited (Brunye, Taylor, Rapp, & Spiro, 2006; Mayer & Moreno, 1998; Plass, Chun, Mayer, & 

Leautner, 2003). It also appears that WM affects the quality of the internal representations of 

information that individuals produce (Pazzaglia et al., 2008). This suggests that poor 

comprehenders who are reputed to present with weaker visual and verbal WM, as well as EF with 

which they build comprehension, would likely produce poorer quality internal representations of 

information when reading graphic text.  

A group of researchers designed a study to examine how students use comprehension 

strategies when learning with graphic text (Hochpochler et al., 2013). A global comprehension 

strategy involves attempting to comprehend the text, and a task-specific information selection 

strategy involves attempting to comprehend necessary information to complete a task, which 

refers to multiple choice comprehension questions in the present study. Forty students from 
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Grades 5 and 8 participated in the study, and were drawn evenly from both the Gymnasium and 

the Hauptchule German school systems. Gymnasium is designed to prepare students for 

university and higher vocational programs, and Hauptschule is designed to prepare students for 

some vocational courses, and is delivered at a slower pace than Gymnasium. Participants were 

presented with graphic text passages and asked to perform increasingly demanding integration 

tasks with the visual and verbal information. Using an eye-tracking machine to examine strategy 

use for reading text, as well as processing time, the researchers found that a global coherence 

strategy was used for text, and a task-specific approach was used for graphic information. Unlike 

the higher performing participants from the Gymnasium system, the participants from the 

Hauptschule did not adjust their processing time of graphic information based on the complexity 

of the tasks. It was hypothesized that this was due to a lack of metacognitive awareness, and 

therefore an inability to be sensitive to how difficult a question was and how intensive reading 

needed to be. Cognitive strategy use was not measured using the verbal reports of participants, 

but was rather inferred from eye-movements. While eye-tracking does not provide direct 

evidence about the intention behind reading behaviour, it does provide an accurate record of 

where participants look and for how long, from which researchers can infer readers’ intentions. 

Also, while participants from the Hauptschule would have been lower achieving academically 

than their peers in the Gymnasium, no individual differences were examined that would provide 

information about individuals with learning difficulties and the eye movements that they would 

use. This study represents two distinct populations that differ in past academic performance, and 

demonstrates that there may be differences in how students process graphic text based on their 

achievement level.  

In another study using graphic text, researchers found that cognitive functioning 

distinguished between students’ comprehension of graphic text. In 2014, 162 undergraduate 

students completed a reading task using one of exclusively verbal information, verbal and static 

(fixed) graphic information, or verbal and animated (moving) graphic information (Sanchez & 
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Wiley). Verbal WM capacity was measured using an operation span task, requiring participants to 

evaluate correctness of simple math equations and then remember words presented afterwards, 

and a reading span task, requiring participants to evaluate whether or not sentences made sense 

and then remember a letter afterwards. Participants completed a measure of their ability to track 

spatial information across space and time using an intercept activity where participants were 

required to hit an object with a missile in a game-like interface, also known as multiple object 

dynamic spatial ability. Participants were also measured on their ability to rotate objects in space 

and reconceptualize them into new wholes, also known as within-object manipulation spatial 

ability, with a paper folding task where the participant was required to visualize how the paper 

would look if folded in different combinations and then hole punched before being unfolded. 

Participants wrote essay questions upon completion of the reading task in order to test their 

comprehension of the learned material. Participants who had lower multiple object dynamic 

spatial ability presented with lower comprehension levels, presumably because of a limited ability 

to generate a mental representation of the learned information, whereas within-object 

manipulation spatial ability did not predict comprehension.  

Some research has shown that individuals with stronger and weaker WM differ in how 

they process multimedia information, such as graphic text (Gyselinck, Cornoldi, Dubois, De 

Beni, & Ehrlich, 2002; Sanchez & Wiley, 2006; Seufert, Schutze, & Brunken, 2009); individuals 

with stronger WM more actively integrate and build representations of visual and verbal 

information (Gyselinck et al., 2002; Seufert et al., 2009) and spend less time looking at non-

important details in the text (Sanchez & Wiley, 2006) than their peers with weaker WM.  

In one study (Seufert et al., 2009), researchers randomly assigned undergraduate 

participants to either a visual-only or audiovisual condition for a multimedia-learning task. The 

WM capacity of each participant was measured using a numerical memory-updating subtest of a 

larger WM capacity test. Participants with high WM capacity outperformed their peers when 

information was only visually presented (written text and images), although these same 



48 

 

individuals were hindered when the information was presented verbally and visually (audio-

narrated text and images). The researchers suggested that high WM capacity learners may be 

utilizing their verbal WM resources internally in the integration of multimedia information. When 

learning is supported with the audio-narrated text, this support may interfere with this internal 

integration process and thus hinder performance. As good readers typically have stronger WM 

(e.g., Christopher et al., 2012) and use more strategies while reading than poor readers 

(Anastasiou & Griva, 2009; Lau, 2006), it is also possible that typically-achieving comprehenders 

would have stronger WM and use more strategies while reading than poor comprehenders. If 

typically-achieving comprehenders are more likely to actively integrate information in text than 

poor comprehenders, the presence of both visual and verbal information in graphic text may 

similarly hinder their integration and level out their reading comprehension with poor 

comprehenders, unlike with narrative or expository text that only contains one type of 

information.   

The results of another study demonstrated that individuals with lower WM were more 

distracted by irrelevant visual details and spent more time processing irrelevant visual images. 

Over 700 undergraduate students engaged with expository text that either contained conceptual 

images, seductive (irrelevant) images, or no images (Sanchez & Wiley, 2006). Participants were 

assessed ahead of the learning task for their working memory capacity according to a digit span 

test and a reading span test. Low working memory capacity participants had lower 

comprehension levels of the text that contained seductive images compared to their peers with 

high working memory capacity. A second experiment employed an eye-tracker to measure where 

participants were looking and for how long, and it revealed that participants with a low working 

memory capacity looked at seductive details more frequently and for a longer time than their 

peers with high working memory capacity. It appears that individuals with high working memory 

capacity integrate information to form an understanding as they are reading, and are more 

efficient at selecting important details than their peers with low working memory capacity. Poor 
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comprehenders may therefore spend more time processing visual information rather than working 

to integrate verbal and visual information in graphic text, and therefore struggle with building 

comprehension when time is a factor as it often is with standardized testing. However, in another 

study where learners had control over the pace of their learning, differences in learning with 

multimedia seem to disappear between learners with high and low WM (Lusk et al., 2009), 

suggesting the importance of processing time.  

Finally, research on multimedia information suggests that young students who are good 

comprehenders seem to also be good at comprehending graphic devices. In a 2015 study, 156 

Grade 3 students were assessed on their ability to comprehend different types of graphical devices 

(Roberts, Norman, & Cocco). The graphical devices included captioned pictures, insets, surface 

diagrams, cross-sectional diagrams, flowcharts, timelines, and tables. To assess comprehension of 

each device, each participant was required to name the feature, explain its purpose, identify the 

feature in a reading task, explain what the feature showed, and use the feature to gain additional 

information. The researchers found that there was a high correlation between graphic device 

comprehension and general reading comprehension, as assessed by activities measuring sentence 

and passage level comprehension, which may suggest that good readers have a greater awareness 

of and ability to use reading strategies across types of text. These results suggest that typically-

achieving comprehenders may be better comprehenders of graphic text than poor comprehenders 

simply because they are better at general comprehension, despite the possibility for interference 

of integration from the presence of visual and verbal information (Seufert et al., 2009) 

Though there is little research on how EF is used in multimedia learning, the capacity of 

the WM system seems to strongly influence comprehension (Gyselinck et al., 2002; Seufert et al., 

2009), where students’ abilities to make predictions about objects across space and time seem to 

influence their ability to comprehend graphic text. While there is no direct research about how 

poor comprehenders learn with graphic text, it is logical that they experience difficulty given that 
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students with LD are reputed to present with lower WM and poorer reading comprehension when 

compared to their typically-achieving peers.  

Given the variation in the experience of learning difficulties for students with LD, it is 

important to consider that building comprehension with graphic text may not be a similar 

experience for all poor comprehenders. Those who experience word-reading difficulties may 

struggle to understand verbal information given that it may be more complex within expository 

text, but may also benefit from the visual information in graphic text as it may offload verbal 

processing and allow for the visual processing resources to contribute to the comprehension 

building. For individuals with specific difficulties in reading comprehension, understanding of 

text may increasingly drop as they move towards more unstructured expository and graphic text 

given their reputed difficulties with strategic reading (Locascio et al., 2010). 

Summary 

A number of relevant points emerge from the literature review and provide a rationale for 

the present study. Poor comprehenders, including students identified with LD specific to reading 

comprehension, present with deficiencies in cognitive functioning and use reading strategies less 

frequently and less efficiently, when compared to their typically-achieving peers when reading 

narrative and expository text. Research suggests that EF and WM are important for effective 

reading comprehension, and it is also apparent that the effective and frequent use of both 

cognitive and metacognitive reading strategies relate positively to effective reading 

comprehension, though graphic text was not mentioned in any of the literature on cognitive 

functioning and reading comprehension. Finally, poor comprehenders seem to struggle more with 

expository text than with narrative text, likely due to the complex language and inconsistent 

structure of expository texts.  

What remains unknown is how poor comprehenders build comprehension with graphic 

text that contains both verbal and visual information. In addition, it is not known how cognitive 

functioning influences reading comprehension across different formats of text. In the present 
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study, the aim was to examine the comprehension building process of students across three 

formats of text in order to make comparisons between poor comprehenders and typically-

achieving comprehenders. No published study to date has examined the comprehension building 

process or the influence of cognitive functions on comprehension building across all three text 

types. Standardized measures in reading should be used to distinguish between students who are 

typically-achieving in reading comprehension and those that experience severe challenges with 

reading comprehension. Measuring EF and WM will also allow for a better understanding of the 

influence of cognitive functioning on reading comprehension of each of the three formats of text. 

Therefore, the purpose of the present study was to understand how students build comprehension 

when reading different formats of text, and how cognitive functioning influences reading 

comprehension. 
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Chapter 3 

Methodology 

The purpose of this study was to understand the cognitive and metacognitive influences 

on students’ reading comprehension building. In order to address the purpose, a mixed-methods 

approach to data collection was undertaken. In this section, I describe the participants and the 

instruments that I used for data collection. I also describe the procedures used for collecting data, 

and the methods of analyzing the cognitive and academic assessments and the think aloud data.  

Participants 

A total of 67 secondary school students (49 male, 18 female) who attended three public 

schools in southeastern Ontario participated in this study. Participants’ ages ranged from 14 years 

(172 months) to 19 years (231 months), with a mean age of 15.56 years (SD = 0.84).  

Initial plans were to recruit participants from two groups—those with identified learning 

disabilities in reading comprehension but not in fluency or decoding, and those who were 

typically-achieving in reading comprehension, fluency, and decoding. However, the school 

district chose not to make Individual Education Plan (IEP) files containing specific identifications 

of students with exceptional learning needs available. As a result, it was necessary to ask teachers 

to nominate students who fit each set of criteria regardless of whether the students had been 

formally identified with an IEP—students who were typically-achieving in reading 

comprehension, decoding, and fluency, and students who were typically-achieving in decoding 

and fluency but severely challenged in reading comprehension. Teachers reported they were able 

to make these nominations. The teachers who nominated students taught English in three 

schools—one urban school and two rural schools. All the nominated students were enrolled in 

applied English courses, courses intended to prepare them for application to community colleges 

rather than for University enrollment or direct entry to the workplace. In order to make 

comparisons between the group of poor comprehenders and the group of typically-achieving 
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comprehenders, I used standardized measures of reading comprehension, fluency, and decoding; 

these results for both groups are discussed in Chapter 4. The method of using teacher nominations 

to identify groups or participants, followed by the administration of standardized measures, has 

been used in previous research to identify poor comprehenders (Lau, 2006; Oostdam, Blok, & 

Boendermaker, 2015; Palincsar & Brown, 1984). 

Guided by past research involving the identification of individuals with specific deficits 

in reading (e.g., Swanson, 1999), I formed two groups based on percentile scores on the reading 

comprehension standardized test that was administered. All participants who scored at or above 

the 25th percentile (n = 24) were deemed to be typically-achieving in reading comprehension. 

Participants who scored at or below the 15th percentile (n = 38) were deemed to be reading 

comprehension challenged. Participants who scored between the 16th and 24th percentile (n = 5) 

were excluded from further analyses. Again, the students were enrolled in applied English 

courses in an urban or rural secondary school in Ontario. 

Instruments 

This study was conducted using a combination of tasks designed to measure aspects of 

reading, cognitive functioning, reading strategy use, and reading comprehension by text type. 

Think-aloud reporting was used to gain insight into students’ reading strategy use across different 

formats of text. To assess cognitive functioning, participants completed a test battery focused on 

working memory: visuospatial and verbal (e.g., Arrington et al., 2014), as well as executive 

functioning: shifting, inhibition, planning, and sorting (e.g., Kieffer et al., 2013).  

Reading 

Reading was measured using the Test of Word Reading Efficiency (TOWRE; Torgeson, 

Wagner, & Rashotte, 1999) and the Reading Comprehension sub-test of the Wechsler Individual 

Achievement Test (WIAT-II; Wechsler, 2005).  

TOWRE. The TOWRE was used to measure sight word efficiency and phonemic 

decoding efficiency. For the TOWRE (Torgeson et al., 1999), participants read aloud as many 



54 

 

presented real words (sight word efficiency) and non-words (phonemic decoding efficiency) as 

possible in 45 seconds. Participants received scores based on the number of words they said 

correctly in each subtest. Sight word efficiency provided a standardized measure of participants’ 

word recognition fluency, while phonemic decoding efficiency provided a standardized measure 

of participants’ decoding fluency. In the present study, Cronbach’s alpha was .96 for the sight 

word efficiency and .96 for the phonemic decoding efficiency.  

WIAT-II reading comprehension. The WIAT-II subtest was used to measure reading 

comprehension. For this test participants read different text passages and responded to oral 

questions involving comprehension of the content. Text passages varied between both narrative 

and expository text types, though no distinctions were made between text types for reading 

comprehension scores. Participants received scores based on the number of questions answered 

correctly. Cronbach’s alpha for this scale was .84. 

Working Memory 

Verbal working memory was measured using a backwards digit span task and a 

backwards letter span task (Wechsler et al., 2003). Visual-spatial working memory was measured 

using a visual matrix task (Swanson, 1995) and a backwards Corsi block task (Corsi, 1972). 

While there is a dearth of research that supports the importance of verbal working memory in 

reading and reading comprehension (e.g., Malekpour et al., 2013), visuo-spatial working memory 

should be more involved in building comprehension with graphic text that involves both visual 

elements (images) and a different spatial organization than is used with expository and narrative 

texts. Within verbal and visual-spatial working memory, the scores for both tasks were combined 

to create a composite score for each form of working memory.  

Verbal working memory. Backwards digit span task. For the backwards digit span task 

(Wechsler et al., 2003), participants repeated increasingly long sequences of digits in the reverse 

order as presented. For the present study, I created number sets based on the same model used by 

Wechsler and colleagues (2003). Beginning with two digits, with each successful trial the 
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sequence lengthened by one digit. The task was stopped when participants made a mistake on one 

of the trials. Participants received a score based on the total number of sequences recalled 

correctly. Cronbach’s alpha for this scale was .49. 

Backwards letter span task. For the backwards letter span task, participants repeated 

increasingly long sequences of letters in the reverse order as presented. For the present study, I 

created letter sets based on the same model used by Wechsler and colleagues (2003). Beginning 

with two letters, with each successful trial the sequence lengthened by one letter. The task was 

stopped when participants made a mistake on one of the trials. Participants received a score based 

on the total number of sequences recalled correctly. Cronbach’s alpha for this scale was .48. 

Visuospatial working memory. Visual matrix task. For the visual matrix task 

(Swanson, 1995), participants viewed a matrix of squares that contained a series of dots for five 

seconds; before the matrix was taken away a distraction question was asked about the matrix. 

Participants were then presented with a blank matrix and asked to recreate the exact position of 

all dots in the series. With each successful recreation, participants were presented with an 

increasingly difficult series of dots, increasing in size from a matrix of four squares with two dots 

to 45 squares with 12 dots. The task was stopped when participants made a mistake on one of the 

trials. Participants received a score based on the number of series successfully recreated. 

Cronbach’s alpha for this scale was .52. 

Reverse Corsi block task. For the reverse Corsi block task (Corsi, 1972), participants 

viewed a tapping sequence on blocks. Participants then repeated the sequence in reverse order as 

presented, where each successfully repeated sequence led to a subsequent longer sequence. 

Beginning with three blocks, with each successful trial the sequence lengthened by one block. 

The task was stopped when participants made a mistake on one of the trials. Participants received 

a score based on the total number of sequences successfully repeated. Cronbach’s alpha for this 

scale was .78. 
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Executive Functioning  

Four areas of executive functioning were assessed: shifting, inhibition, planning, and 

sorting. Shifting and Inhibition were measured using tasks adapted from similar tasks 

administered by van der Sluis, de Jong, and van der Leij, (2004). Shifting was measured using the 

making trails coloured digits task and the making trails coloured letters task. Inhibition was 

measured using two stroop tasks, specifically the quantity/digits task and the colour/word task. 

Planning was measured using the Delis-Kaplan Executive Function System™ (D-KEFS) Tower 

Test and sorting was measured using the D-KEFS Sorting Test (Delis, Kaplan, & Kramer, 2001). 

Conceptually, shifting, inhibition, and planning should all play a role in building 

comprehension across text types, though their relative importance may differ across text types. 

Inhibition allows readers to ignore irrelevant information in the text, and shifting between sources 

of information in the text is essential for the subsequent integration to build and understanding of 

what is being read (Kendeou, van den Broek, & Karlsson, 2014). Researchers have identified 

planning as an important function related to reading comprehension (Geogiou & Das, 2016), and 

it should theoretically be relied upon most with graphic text when individuals must decide on 

what order to read the text.  

Shifting. Making trails colored digits task. For the making trails colored digits task (van 

der Sluis et al., 2004), participants viewed a sequence of 22 circles on a page: 11 yellow circles 

contained the digits 1 to 11 and 11 pink circles contained the digits 1 to 11. Participants were 

advised to draw lines to connect the sequence beginning with the yellow circle containing the 

digit 1 followed by the pink circle containing the digit 1, consistently switching between colours 

as the numbers increase. Participants were instructed to first ensure that they were connecting the 

circles in the correct order (yellow circle to pink circle in ascending numerical order) and second 

to complete the task as rapidly as possible. Participants received a score based on the total time to 

complete the sequence correctly. 
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Making trails colored letters task. For the making trails colored letters task (van der 

Sluis et al., 2004), participants viewed a sequence of 22 circles on a page: 11 yellow circles 

contained the letters A to K and 11 pink circles contained the letters A to K. Participants were 

advised to draw lines to connect the sequence beginning with the yellow circle containing the 

letter A followed by the pink circle with the same letter, consistently switching between colours 

and following in alphabetical order to the letter K. Participants were instructed to first ensure that 

they were connecting the circles in the correct order (yellow circle to pink circle in alphabetical 

order) and second to complete the task as rapidly as possible. Participants received a score based 

on the total time to complete the sequence correctly. A composite score for shifting was created 

by combining scores for both tasks. 

Inhibition. Quantity-digits inhibition task. For the quantity-digits inhibition task (van 

der Sluis et al., 2004), participants viewed number segments ranging in length from one to four 

items with each segment containing like digits from 1 to 4. The number of digits in each segment 

did not match the number used to represent the items in the segment (e.g., 222, 44). Participants 

were advised to say the number of digits in each segment as quickly as possible, and not to name 

the number used in the segment. For example, when the segment ‘‘222’’ was presented, the 

correct response was ‘‘3,” therefore saying “two hundred twenty-two” would be incorrect. The 

task contained 40 segments with 8 segments in each of 5 rows. Participants were advised to begin 

with the first segment on the left side of the top row, proceed across the row, and move down to 

the start of the next row until the task is complete. Participants were instructed to first ensure that 

they were naming the correct number of digits in each segment, and second to complete the task 

as rapidly as possible. Participants received a score based on the total time to name the complete 

series of number segments. 

Colour-word inhibition task. For the colour-word inhibition task (van der Sluis et al., 

2004), participants viewed words that spell colours, including black, blue, green, and red. Each 

word was printed in black, blue, green, or red, but the colour of the printed word did not match 
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the word that it spells. Participants were advised to name the colour of the word as quickly as 

possible and not to say the word that is spelled for each item. For example, when a red-coloured 

item was presented, and the item spelled “blue”, saying “blue” would be incorrect. The task 

contained 40 segments with 8 segments in each of 5 rows. Participants were advised to begin with 

the first item on the left side of the top row, proceed across the row, and move down to the start 

of the next row until the task is complete. Participants were instructed to first ensure that they are 

naming the correct colour for each item, and second to complete the task as rapidly as possible. 

Participants received a score based on the total time to name the full array of coloured items 

correctly. Participants received a composite score for inhibition consisting of the combination of 

scores for both tasks. 

Planning. D-KEFS tower test. For the Tower Test (Delis et al., 2001), participants 

moved disks varying in size across three pegs to build a designated tower using the fewest 

number of moves possible. I emphasized the importance of completing each task in as few moves 

as possible and explicitly stated the rules participants were required to follow during the test, 

including that only one disk could be moved at a time, and that a bigger disk could never be 

placed on a smaller disk. The test was stopped when participants were unsuccessful with three 

consecutive trials, and participants received a score based on the number of moves used to build 

each tower relative to the number of trials attempted. 

Sorting. D-KEFS sorting test. For the Sorting Test (Delis et al., 2001), participants were 

provided with two separate sets of six cards containing stimulus words and various perceptual 

features. With each set, participants were asked to sort the cards into two groups of three cards as 

many different times as they could with a different rule or concept guiding each sort. Once 

participants had made a sort, they were asked to describe their sort. In the second part to the 

Sorting Test, I sorted the cards based on all possible rules and having participants explain, if 

possible, the rule or concept guiding the sort. Part 1 was stopped when participants could no 

longer come up with new sorts, and part two was stopped when participants had been presented 
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with all of the sorts and had been given a chance to identify and describe each one. Participants 

received two separate scores: one to reflect their ability to correctly sort and describe the cards 

(sorting description) and another to reflect their ability to recognize and describe the sorts that I 

made (sorting recognition). 

Reading Comprehension by Text Type  

To measure reading comprehension by text type, I obtained one text of each type of text 

(narrative, expository, graphic) with corresponding comprehension questions. All texts came 

from a previous version of the OSSLT (EQAO, 2014)—a standardized test designed to measure 

the reading skills of students by the end of Grade 9 in Ontario. Each text was one page in length 

and included six multiple-choice questions designed to measure comprehension. I generated an 

additional four questions for each text so that each text type was accompanied by a total of ten 

multiple-choice questions. The structure of the additional questions was guided by the original 

questions and focused on both literal and inferential comprehension. Following the same structure 

as the original questions for each text, literal questions required the reader to find information 

within the text to determine the answer whereas inferential questions required the reader to 

combine information from the text with their own ideas to determine the answer. Cronbach’s 

alpha was .54 for the narrative comprehension questions, .47 for the expository comprehension 

questions, and .54 for the graphic comprehension questions.  

In some research (e.g., Saenz & Fuchs, 2002), poor comprehenders are presented with 

comprehension questions that they are to answer without referring back to the text. Some 

individuals with LD experience deficiencies in memory (Malekpour et al., 2013), and therefore 

may struggle to recall information from text that may have been understood during the initial 

reading. Having poor comprehenders complete comprehension questions without referring back 

to the text may actually measure memory rather than comprehension for any individuals who do 

experience difficulties in memory. To counter this effect, in the present study, all participants 

were informed that they could refer back to the text when answering questions. 
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Reading Strategy Use  

To measure reading strategy use during reading, participants engaged in verbal reporting 

as they read each text aloud. Guided by past research using verbal reporting as a method of 

examining thinking (e.g., Rosenzweig et al., 2011), I explained that participants would be asked 

to communicate what they were thinking about while reading in order to give me a sense of what 

types of strategies participants used to build comprehension. While participants were asked to 

confirm their understanding of the instructions asked of them, a practice session for participants 

to become comfortable using the “thinking aloud” was not given in order to avoid modeling any 

reading strategies or language that participants might not normally use.   

I used a protocol developed by Pressley and Afflerbach (1995) to assess the think-aloud 

session transcripts for reading strategy use. The protocol identifies and exemplifies a wide-range 

of reading strategies that readers employ when building comprehension. The researchers 

organized all of the strategies into three categories that are characteristic of cognitive 

(constructing meaning), metacognitive (monitoring) and affective (evaluative) engagement with 

text. Examples of strategies used for constructing meaning are paraphrasing the text and making 

inferences. Examples of monitoring strategies include recognizing a loss of concentration and the 

decision to skip or skim material. Examples of evaluative strategies include approval or 

disapproval of the content and affective reactions to the content. A table including each reading 

strategy by theme and category, adapted from Pressley and Afflerbach (1995), is included below. 

TABLE 1. Reading Strategy by Theme and Category 

Reading Strategy Theme Category 

Activating Prior Knowledge Conscious Inference Making Constructing Meaning 

Making an Inference   

Making a Connection: Self    

Making a Connection: Text   

Making a Connection: World   

Forming/Adjusting Hypothesis  Navigating Text  
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Predicting (during)   

Planning (during)   

Recalling Details   

Skimming (during)   

Asking Questions Integrating Information  

Finding the Main Idea   

Integrating Information   

Visualizing: Characters Interpreting   

Visualizing: Plot   

Visualizing: Adding Details   

Paraphrasing   

Considering Text Source Before Reading  

Planning (before)   

Predicting (after) After Reading  

Checking for Understanding General Understanding Monitoring 

Perception of Behaviour   

Awareness of Difficulty   

Re-Reading Specific Understanding  

Skimming (after)   

PoD: Already Read   

PoD: Lost Place   

PoD: Made Mistake(s)   

PoD: Understanding Word(s)   

PoD: Saying Word(s)   

Distorting Information Inconsistencies  

Situation Affective Content Evaluating 

Enjoyment   

Lack of Enjoyment   

Laughter   

Character(s)   

Length Affective Style  

Style/Type   

Word Use   

Writing   
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Note. PoD = Perception of Difficulty. 

Procedure 

Data were collected from each of the three schools (one urban, two rural) over the final 

month of semester one and the first few months of semester two. Semester one runs from 

September to January, and semester two runs from February to June. Prior to the active 

recruitment of participants, I explained the target populations to a contact individual or team at 

each school, indicating that the applied English classes would be the most likely place to find 

participants who fit the criteria for the study. In Ontario secondary schools, students can enroll in 

different streams according to their learning needs and post-secondary goals (Ontario Ministry of 

Education, 2007), where applied classes typically lead to later “community college” level courses 

that indicate interest in attending a post-secondary institution. I explained that students in Grades 

9 and 10 were the target, where students are enrolled in applied English courses, though students 

beyond Grade 10 who were enrolled in the applied equivalent college-level English course would 

be accepted if they fit the criteria for the poor comprehenders group. Given the low numbers of 

students estimated to experience specific challenges in reading comprehension while not 

struggling with sight word fluency or phonemic decoding (approximately 10-15%; Stothard & 

Hulme, 1995; Yuill & Oakhill, 1991), a greater effort was made to recruit students fitting this 

profile over students who were typically-achieving comprehenders.  

At one school, I was asked to speak to all applied English classes about the study and to 

distribute a combined letter of information (LOI) and consent form (CF) as a recruiting strategy 

(see these in Appendix A). At another school, a teacher delivered the combined LOI and CF to 

students she felt matched the criteria for the poor comprehenders group. At the third school, a 

learning resource teacher delivered the combined LOI and CF to students she had previously 

taught in an English class and who had experienced reading comprehension challenges. In each 

case, I made every effort to recruit participants who were typically-achieving in fluency and 

decoding. These efforts were made to ensure that participants could read each text without word 
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recognition and pace impeding their ability to construct meaning and would therefore be more 

likely to report all cognitive activity verbally while reading.  

Data were collected in an empty classroom with only myself and a participant present. 

Each participant attended two one-hour sessions separated by no more than one week. In session 

one, participants completed the three standardized reading measures, eight cognitive functioning 

measures (four working memory, two inhibition, two shifting), as well as the narrative reading 

task. In session two, participants completed the remaining two reading tasks, as well as the two 

remaining cognitive functioning tasks (planning, sorting).  

In Session 1, I outlined to participants that they would complete three initial reading tasks 

to measure their reading skills, followed by a number of activities designed to measure the way 

they think. I also indicated that they would complete another set of reading tasks following the 

initial reading and thinking activities, in this case to examine how they engage with text that they 

read.  

For the reading tasks designed to measure participants’ engagement with text, 

participants were instructed that they were to read each text with the purpose of understanding it 

and they would then be presented with ten comprehension questions. Participants were also asked 

to “think-aloud” while reading by saying anything that they were thinking about while reading, 

even if it was in the middle of a sentence. Prior to engaging in the think-aloud reading, 

participants were asked to confirm their understanding of what was being asked of them. During 

reading, I stopped at consistent points in each text (one-third of the way through, two-thirds of the 

way through, and at the end for narrative and expository texts; once in the middle and once at the 

end for graphic texts) in any instance where a participant had been reading aloud without 

verbalizing any activity other than the words in the text. After pausing the participants’ reading, I 

asked if they had been thinking about anything during reading. After each participant indicated 

that they had completed a text, I provided the participant with ten written comprehension 

questions. I explicitly stated that revisiting the text to answer questions was allowed.   
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Data Analysis 

The data from the think-alouds was audiotaped and transcribed verbatim. Each instance 

of a verbalization that was not the explicit text was highlighted and flagged for later analysis. I 

analyzed the think-alouds for reading strategies, including strategies used for identifying 

meaning, monitoring strategies, and evaluative strategies, using the coding guidelines designed by 

Pressley and Afflerbach (1995). For each code, a description was provided and in some cases 

examples were also provided. I used all strategies included in the protocol in the analysis of the 

think-aloud data given the exploratory nature of examining reading strategies of students using 

graphic text.  

Each time a reading strategy was identified, I coded and counted it. A colleague of mine 

independently coded three think-aloud transcripts to discuss and compare with the researcher to 

enhance reliability of coding. For each participant, I produced a record of the reading strategies 

used for each text, and the number of times each strategy was used within each text. This method 

of keeping a quantitative record of reading strategy use allowed for group comparisons to be 

made between the typically-achieving and reading comprehension challenged groups. 

To examine the differences in comprehension and reading strategy use between poor 

comprehenders and typically-achieving comprehenders across text formats, I conducted a series 

of independent t-tests. I formed composite scores for strategies used for constructing meaning, 

monitoring strategies, and evaluative strategies, in order to make comparisons in the frequency of 

strategy use by type (composite) for each group. I then conducted independent t-tests to examine 

if differences existed between poor comprehenders and typically-achieving comprehenders in 

reading comprehension scores across the text formats.  

To examine if cognitive functioning predicted comprehension of different text formats, a 

series of stepwise multiple regression analyses was conducted to determine the relationships 

among WM, EF, and comprehension of different text formats. Raw scores of each cognitive 

measure (e.g., backwards digit span) were aggregated into composite scores for each variable 
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within cognitive functioning (e.g., verbal WM) to be used for the regression analyses. The 

regression analyses revealed to what degree and what types of cognitive functioning predicted 

successful comprehension of different text formats. 

To examine whether cognitive functioning explained differences in reading 

comprehension between poor comprehenders and typically-achieving comprehenders across 

different text formats, a series of hierarchical multiple regression analyses was conducted. I 

included a contrast variable that measured variability in reading comprehension that distinguishes 

between the two groups. This enabled the examination of the individual contributions of each 

type of cognitive functioning in reducing differences in reading comprehension between poor 

comprehenders and typically-achieving comprehenders. All of these findings are reported in 

Chapter 4 and discussed in Chapter 5. 
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Chapter 4 

Results 

The purpose of this study was to understand the cognitive and metacognitive influences 

on students’ comprehension building. The focus of this chapter will be to report the data collected 

to answer the following questions: (1) Do differences exist between poor comprehenders and 

typically-achieving comprehenders in reading comprehension and the use of reading strategies 

across text formats? (2) Which cognitive functions contribute to comprehension across different 

text formats? (3) Which cognitive functions explain differences between poor comprehenders and 

typically-achieving comprehenders in reading comprehension across different text formats? The 

chapter begins with an overview of the descriptive statistics and correlations among all variables, 

including a presentation of the typically-achieving and poor comprehenders groups. The 

preliminary analyses are followed by the main analyses to address each research question.  

Preliminary Analyses 

Descriptive Statistics 

In Table 2, the means and standard deviations are provided for participants’ age, 

measures of reading, working memory, executive functions, and reading comprehension by text 

type. Given the nature of the information, participants’ gender is provided as a total number. 

Column one outlines the full sample, while columns two and three separate the sample into the 

group of typically-achieving comprehenders and the group of poor comprehenders. Across both 

groups, the average age was between 15 and 16 years, and a greater proportion of the typically-

achieving group were males (91.67%) compared to the group of poor comprehenders (60.53%).  

 

 

 



67 

 

TABLE 2. Descriptive Statistics of Demographics and Cognitive Functioning for all Participants 

and by Group 

 AP (n= 62) TAC (n= 24) PC (n= 38) 

Variable M (SD)    /  N (%) M (SD)    /   N (%) M (SD)    /   N (%) 

Age in Months 187.03 (10.29) 187.92 (6.49) 186.47 (12.15) 

Gender is Male 45      (72.60) 22      (91.67) 23     (60.53) 

Decoding  38.16 (12.62) 41.96 (12.05) 35.76 (12.53) 

Fluency 78.13 (10.86) 82.29 (9.45) 75.50 (10.99) 

RC  24.68 (10.63) 35.96 (5.90) 17.55 (5.48) 

Verbal WM 7.06 (1.59) 7.42 (1.61) 6.84 (1.55) 

Visuospatial WM 11.05 (2.21) 11.33 (2.24) 10.87 (2.20) 

Shifting 47.82 (16.47) 42.42 (13.96) 51.23 (17.18) 

Inhibition 83.87 (15.23) 80.27 (15.01) 86.15 (15.12) 

Planning 17.82 (3.08) 18.13 (3.44) 17.63 (2.86) 

Sorting Description 28.97 (7.78) 30.75 (7.11) 27.84 (8.06) 

Sorting Recognition 31.39 (8.75) 35.21 (6.21) 28.97 (9.32) 

Narrative RC 7.13 (1.82) 8.00 (1.35) 6.58 (1.87) 

Expository RC 6.44 (1.90) 7.33 (1.74) 5.87 (1.79) 

Graphic RC 5.77 (2.08) 6.92 (1.72) 5.05 (1.99) 

Note. AP = All Participants, TAC = Typically-Achieving Comprehenders, PC = Poor 

Comprehenders, WM = Working Memory, Reading Comprehension = RC 

 

Table 3 contains the means and standard deviations for all participants, as well as both 

groups, in the measures of reading strategy use. Using categories, themes, and codes adopted 

from Pressley and Afflerbach (1995), the reading strategies for each type of text (narrative, 

expository, and graphic) were sorted into one of three categories—constructing meaning, 

monitoring, and evaluating. The mean scores represent the average number of times each 

category of reading strategy was used by that population. Each category is defined in the section 

following the correlational analyses including which reading strategies fit into each category and 

how each reading strategy is identified. 
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TABLE 3. Descriptive Statistics for Reading Strategies used by all Participants and by Group 

 AP TAC PC 

Variable M (SD) M (SD) M (SD) 

N Constructing Meaning 3.48 (4.14) 5.67 (5.1) 2.11 (2.65) 

N Monitoring 1.32 (1.51) 1.25 (1.42) 1.37 (1.58) 

N Evaluating .66 (2.45) 1.38 (3.83) .21 (.47) 

E Constructing Meaning 2.40 (3.1) 3.71 (4.04) 1.58 (1.98) 

E Monitoring 2.47 (3.14) 2.46 (3.36) 2.47 (3.04) 

E Evaluating .11 (.32) .21 (.42) .05 (.23) 

G Constructing Meaning 2.71 (4.03) 3.92 (5.44) 1.95 (2.62) 

G Monitoring 1.53 (2.25) 1.25 (2.27) 1.71 (2.24) 

G Evaluating .15 (.4) .33 (.57) .03 (.16) 

T Constructing Meaning 8.60 (10.26) 13.29 (13.65) 5.63 (5.86) 

T Monitoring 5.32 (5.03) 4.96 (5.02) 5.55 (5.1) 

T Evaluating   .92 (2.86) 1.92 (4.39) .29 (.65) 

Note. AP = All Participants, TA = Typically-Achieving Comprehenders, PC = Poor 

Comprehenders, N = Narrative, E = Expository, G = Graphic, T = Total.  

 

Correlational Analyses 

Table 4 reports the correlational analyses for all variables included in the present study, 

with significant correlations identified below. Table 5 contains the correlational analyses specific 

to the narrative text reading-related variables, and Table 6 contains the same for the expository 

text reading-related variables. In Table 7, the graphic text reading-related variable correlational 

analyses are included.  

In terms of demographics, while there were no significant correlations between age and 

any variables, gender was negatively associated with reading comprehension (r = -.38, p < .01). 

Better general reading comprehension was correlated with being a male.  

Within the measures of reading, decoding was positively associated with fluency (r = .88, 

p < .01). Effective decoding was associated with greater reading fluency. Reading fluency was 

also positively associated with the standardized measure of reading comprehension (r = .30, p < 
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.05) and expository text comprehension (r = .30, p < .05), suggesting that participants who read 

more fluently also comprehended what they read more effectively, and specifically with 

expository text. General reading comprehension was positively associated with narrative (r = .43, 

p < .01), expository (r = .42, p < .01), and graphic reading comprehension (r = .49, p < .01), 

suggesting that good general reading comprehension was related to good comprehension in 

specific forms of text comprehension. Similarly, narrative reading comprehension was positively 

associated with expository (r = .30, p < .05) and graphic reading comprehension (r = .47, p < 

.01), and expository reading comprehension was positively associated with graphic reading 

comprehension (r = .34, p < .01), which suggested that success in reading specific forms of text 

was related to success in other specific forms of text.  

Among the cognitive functioning variables, verbal working memory was negatively 

associated with the executive function variable for shifting (r = -.36, p < .01), and positively 

associated with the executive function variable for sorting recognition (r = -.38, p < .05). 

Stronger verbal working memory was related to faster shifting between information and better 

recognizing of abstract patterns. Visuospatial working memory was also positively associated 

with sorting recognition (r = .26, p < .05), suggesting that stronger visual and spatial working 

memory was related to better recognition of abstract patterns. Shifting was associated with a 

number of other cognitive functions, including a positive association with the EF variable for 

inhibition (r = .31, p < .05), and negative associations with the EF variables for sorting 

description (r = -.44, p < .01) and sorting recognition (r = -.42, p < .01). This suggests that faster 

shifting was related to better inhibition and better identification and recognition of abstract 

patterns. Lastly, sorting recognition and sorting description were positively associated (r = .64, p 

< .01), suggesting that better identification of abstract patterns was related to better recognition of 

abstract patterns. Identification of abstract patterns refers to participants sorting through shapes to 

identify patterns, and recognition of abstract patterns refers to participants describing the patterns 

that I had presented to them.
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TABLE 4. Relations Among Cognitive Functions, Reading, and Demographics 

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

1. Age  .22  .16  .22  .02  .01 -.12  .08 -.01 -.13 -.25 -.16 -.03 -.04 -.11 

2. Gender - -.07 -.00 -.38** -.12 -.10  .17  .06 -.18 -.00 -.09 -.02 -.10 -.13 

3. Decoding  -  .88**  .17  .22 -.03 -.20 -.49**  .10  .02  .02 -.09  .24  .12 

4. Fluency   -  .30*  .25* -.08 -.35** -.58**  .09  .04  .08  .10  .30*  .21 

5. RC    -  .26*  .18 -.41** -.30*  .17  .26*  .47**  .43**  .42**  .49** 

6. Ver WM     -  .19 -.36** -.20  .22  .23  .31*  .27*  .23  .22 

7. V/S WM      - -.22 -.07  .05  .16  .26*  .09  .21  .01 

8. Shifting        -  .31*  .01 -.44** -.42** -.20 -.37** -.14 

9. Inhibition        - -.05 -.05 -.09 -.05 -.27* -.18 

10. Planning         -  .19  .21  .15  .09  .29* 

11. Sorting Des          -  .64**  .33**  .40**  .07 

12. Sorting Rec           -  .43**  .44**  .34** 

13. Nar RC            -  .30*  .47** 

14. Exp RC             -  .34** 

15. Gra RC              - 

Note. *p <.05 (2-tailed), **p <.01(2-tailed). For all correlations the Pearson product moment correlation was used. RC = Reading 

Comprehension, Ver = Verbal, WM = Working Memory, V/S = Visuospatial, Des = Description, Rec = Recognition, Nar = Narrative, Exp = 

Expository, Gra = Graphic.  
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TABLE 5. Relations Among Cognitive Functions, Reading, Gender, and Narrative Text Reading 

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

1. Gender -.07 -.00 -.38** -.12 -.10  .17  .06 -.18 -.00 -.09 -.02 -.29* -.23 -.09 

2. Decoding -  .88**  .17  .22 -.03 -.20 -.49**  .10  .02  .02 -.09  .24 -.08  .05 

3. Fluency  -  .30*  .25* -.08 -.35** -.58**  .09  .04  .08  .10  .23 -.03  .07 

4. RC   -  .26*  .18 -.41** -.30*  .17  .26*  .47**  .43**  .34**  .07  .28* 

5. Ver WM    -  .19 -.36** -.20  .22  .23  .31*  .27*  .01  .01  .13 

6. V/S WM     - -.22 -.07  .05  .16  .26*  .09 -.11 -.13 -.09 

7. Shifting       -  .31*  .01 -.44** -.42** -.20 -.16 -.15 -.05 

8. Inhibition       - -.05 -.05 -.09 -.05 -.07 -.02 -.15 

9. Planning        -  .19  .21  .15 -.08  .12  .05 

10. Sorting Des         -  .64**  .33**  .18  .15  .14 

11. Sorting Rec          -  .43**  .22 -.04  .26* 

12. Nar RC           - -.07  .00  .05 

13. Nar CM            -  .23  .04 

14. Nar M             -  .18 

15. Nar E              - 

Note. *p <.05 (2-tailed), **p <.01(2-tailed). For all correlations the Pearson product moment correlation was used. RC = Reading 

Comprehension, Ver = Verbal, WM = Working Memory, V/S = Visuospatial, Des = Description, Rec = Recognition, Nar = Narrative, CM 

=Constructing Meaning, M = Monitoring, E = Evaluating.  
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TABLE 6. Relations Among Cognitive Functions, Reading, Gender, and Expository Text Reading 

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

1. Gender -.07 -.00 -.38** -.12 -.10  .17  .06 -.18 -.00 -.09 -.10 -.14 -.13 -.11 

2. Decoding -  .88**  .17  .22 -.03 -.20 -.49**  .10  .02  .02  .24  .19 -.29*  .02 

3. Fluency  -  .30*  .25* -.08 -.35** -.58**  .09  .04  .08  .30*  .23 -.23  .05 

4. RC   -  .26*  .18 -.41** -.30*  .17  .26*  .47**  .42**  .27*  .16  .29* 

5. Ver WM    -  .19 -.36** -.20  .22  .23  .31*  .23  .10  .04 -.14 

6. V/S WM     - -.22 -.07  .05  .16  .26*  .21 -.23 -.02 -.08 

7. Shifting       -  .31*  .01 -.44** -.42** -.37** -.13 -.24 -.07 

8. Inhibition       - -.05 -.05 -.09 -.27* -.15 -.10 -.23 

9. Planning        -  .19  .21  .09 -.00  .03 -.10 

10. Sorting Des         -  .64**  .40**  .18  .32*  .05 

11. Sorting Rec          -  .44**  .18  .24  .09 

12. Exp RC           -  .12 -.04  .05 

13. Exp CM            -  .08  .19 

14. Exp M             -  .29* 

15. Exp E              - 

Note. *p <.05 (2-tailed), **p <.01(2-tailed). For all correlations the Pearson product moment correlation was used. RC = Reading 

Comprehension, Ver = Verbal, WM = Working Memory, V/S = Visuospatial, Des = Description, Rec = Recognition, Exp = Expository, CM 

=Constructing Meaning, M = Monitoring, E = Evaluating.  
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TABLE 7. Relations Among Cognitive Functions, Reading, Gender, and Graphic Text Reading 

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

1. Gender -.07 -.00 -.38** -.12 -.10  .17  .06 -.18 -.00 -.09 -.13 -.15  .06 -.13 

2. Decoding -  .88**  .17  .22 -.03 -.20 -.49**  .10  .02  .02  .12  .18  .06  .10 

3. Fluency  -  .30*  .25* -.08 -.35** -.58**  .09  .04  .08  .21  .19  .08  .03 

4. RC   -  .26*  .18 -.41** -.30*  .17  .26*  .47**  .49**  .15 -.13  .37** 

5. Ver WM    -  .19 -.36** -.20  .22  .23  .31*  .22  .06 -.05  .04 

6. V/S WM     - -.22 -.07  .05  .16  .26*  .01 -.12 -.24 -.05 

7. Shifting       -  .31*  .01 -.44** -.42** -.14 -.18 -.03 -.08 

8. Inhibition       - -.05 -.05 -.09 -.18 -.17  .03 -.00 

9. Planning        -  .19  .21  .29*  .15  .07  .01 

10. Sorting Des         -  .64**  .07  .29*  .12  .09 

11. Sorting Rec          -  .34**  .27* -.02  .30* 

12. Gra RC           -  .17 -.04  .12 

13. Gra CM            -  .28*  .17 

14. Gra M             - -.07 

15. Gra E              - 

Note. *p <.05 (2-tailed), **p <.01(2-tailed). For all correlations the Pearson product moment correlation was used. RC = Reading 

Comprehension, Ver = Verbal, WM = Working Memory, V/S = Visuospatial, Des = Description, Rec = Recognition, Gra = Graphic, CM 

=Constructing Meaning, M = Monitoring, E = Evaluating.  
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There were a number of significant correlations among reading and cognitive functioning 

variables. Decoding was negatively associated with the EF inhibition variable (r = -.49, p < .01), 

suggesting that strong decoding was related to a strong ability to exercise inhibition. Fluency was 

associated with several cognitive functions, including a positive association with verbal working 

memory (r = .25, p < .05), and a negative association with shifting (r = -.35, p < .01) and 

inhibition (r = -.58, p < .01). The standardized measure for reading comprehension was positively 

associated with verbal working memory (r = .26, p < .05), sorting description (r = .26, p < .05), 

and sorting recognition (r = .47, p < .01), and negatively associated with shifting (r = -.41, p < 

.01) and inhibition (r = -.30, p < .05). This suggests that strong reading comprehension was 

related to strong verbal working memory, better identification and recognition of abstract 

patterns, strong ability to exercise inhibition, and faster shifting between information.  

With reading comprehension specific to text type, narrative text comprehension was 

positively associated with verbal working memory (r = .27, p < .05), sorting description (r = .33, 

p < .01), and sorting recognition (r = .43, p < .01). This indicates that better comprehension of 

narrative text was related to stronger verbal working memory, and better identification and 

recognition of abstract patterns. Expository text comprehension was negatively associated with 

shifting (r = -.37, p < .01) and inhibition (r = -.27, p < .05), and positively associated with sorting 

description (r = .40, p < .01), and sorting recognition (r = .44, p < .01). Thus better 

comprehension of expository text was related to faster shifting between information and stronger 

ability to exercise inhibition, as well as better identification and recognition of abstract patterns. 

Finally, graphic text comprehension was positively associated with the executive function 

variables for planning (r = .29, p < .05) and sorting recognition (r = .34, p < .01), linking better 

comprehension of graphic text with better planning skills and better recognition of abstract 

patterns.  
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As can be seen in Table 4, the use of reading strategies that had to do with constructing 

meaning specific to narrative text was positively associated with the standardized measure of 

reading comprehension (r = .34, p < .01) and negatively associated with gender (r = -.29, p < 

.05). Using more cognitive strategies with narrative text reading was related to better general 

reading comprehension and being a female. The use of reading strategies related to evaluating 

information specific to narrative text was positively associated with reading comprehension (r = 

.28, p < .05) and sorting recognition (r = .26, p < .05). This suggested that using more affective 

strategies with narrative text was related to better general reading comprehension and better 

recognition of abstract patterns. 

Table 5 shows that the use of constructing meaning reading strategies with expository 

text was only positively associated with reading comprehension (r = .27, p < .05), suggesting that 

using more cognitive strategies with expository text was related to better general reading 

comprehension. The use of monitoring strategies with expository text was negatively associated 

with decoding (r = -.29, p < .05) and positively associated with sorting description (r = .32, p < 

.05). This suggests that using more metacognitive strategies while reading expository text was 

related to poorer decoding skills and better identification of abstract patterns. Lastly, the use of 

evaluative strategies with expository text was positively associated with both reading 

comprehension (r = .29, p < .05) and the use of monitoring strategies with the same style of text 

(r = .29, p < .05). Using more affective reading strategies with expository text was related to 

better general reading comprehension and using more metacognitive strategies with expository 

text.  

Table 6 contains the correlations specific to graphic text reading with several significant 

correlations. The use of reading strategies that fit within the constructing meaning theme for 

graphic text was positively associated with both sorting description (r = .29, p < .05) and sorting 

recognition (r = .27, p < .05), suggesting that using more cognitive strategies while reading 
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graphic text was related to better identification and recognition of abstract patterns. The use of 

cognitive and monitoring reading strategies with graphic text were positively correlated (r = .28, 

p < .05), indicating that using more cognitive strategies was related to using more metacognitive 

strategies with graphic text. Finally, the use of evaluative reading strategies with graphic text was 

positively associated with general reading comprehension (r = .37, p < .01) and sorting 

recognition (r = .30, p < .05). Using more affective strategies while reading graphic text was 

related to better general reading comprehension and better recognition of abstract patterns.  

Examining Reading Strategy Use 

In the present study, verbal reporting was used to assess the use of reading strategies 

during reading as each participant had the opportunity to think-aloud as they were reading each 

type of text. Reading strategy use may be better understood as the level of engagement with each 

text in this study as it offers a glimpse into how each participant interacted with each text. I 

attempted to capture the engagement of each participant with each text type at a cognitive, 

metacognitive, and affective level. The constructing meaning category included a total of six 

themes, the monitoring category had three themes, and the evaluating category had two themes. 

Reading strategies, themes, and categories can be viewed in Table 1.  

Cognitive strategies. Within constructing meaning, conscious inference making included 

activating prior knowledge, making an inference, and making three types of connections—text to 

self, text to text, and text to world. In each case, participants combined information from the text 

with their own prior knowledge of the topic or subject. The example below exemplifies the 

combination of prior knowledge and the content from text by one participant, where a character in 

the text was sewing and suddenly exclaimed “Ouch” without explanation of what had happened: 

So probably the sewing needle poked her in the finger. 

Navigating Text included forming and adjusting a hypothesis about the text, making a 

prediction during reading, planning strategically how to proceed with reading during reading 
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(relevant only for graphic text), recalling details from the text, and skimming the text for the most 

important information during reading. Navigating text codes all had to do with the way 

participants engaged with the text on their initial front-to-back reading when meaning may have 

started to emerge. In the example below, a participant is reporting on the process of forming an 

understanding of what is happening in the text, specifically by deciding on the order in which to 

continue to read the graphic text: I’m going to go to the right because it is clockwise. 

Integrating information included asking questions, finding the main idea, and integrating 

visual and verbal information forms. All three share a common property of pulling together 

information to form a macrostructure understanding of the text. As noted by Pressley and 

Afflerbach (1995), jumping between different points in text, asking questions, and relating the 

information within the text reflect every reader’s need to form that macrostructure understanding. 

In the example below, a reader is working to combine elements in order to build a macrostructure 

understanding, specifically upon realizing that the visual information within the graphic text can 

be combined with the verbal information to assist in comprehension building: I’m guessing, OK 

so these (pointing to tanks) Oh – that (noticing label on tanks) helps alot, so the fish tanks are 

here. 

The theme of interpreting is representative of how readers make sense if the text based on 

the experiences they have had and the way they view the world. In the present study, four codes 

make up the interpretations theme that all reflect the way participants built their understanding on 

a microstructural level. The codes included three types of visualizations—of characters, plot, and 

instances where details were added to the existing content—as well as paraphrasing parts of the 

text in the participants’ own words. The example below demonstrates how one participant 

interpreted the text by adding details to a mental picture they were forming when thinking about 

the filter tank in the graphic text: So I imagine, it’s kind of gross, but I imagine like little globs 

and goopy things sticking and then the water just raises above it. 
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Participants engaged with the text in some instances before formally beginning to read 

aloud, representing the fifth theme under the constructing meaning category. This included the 

considering text source before reading and planning before reading codes—the latter referring 

only to graphic text. While most participants evidently began reading before thinking about the 

text, these instances reflect the strategic action of thinking before doing, and one example of a 

participant planning their approach to reading prior to beginning can be seen below: I’m going to 

go this way (motions left to right), read like kind of like you would a book. 

Finally, similar to the last theme, some readers engage in cognitive activity after they 

have read through the entire text for the purpose of better understanding what they have just read. 

Only one code for post-reading cognitive activity was identified in the verbal reports, where 

participants made predictions about events that might happen after the events discussed in the 

text, and this only occurred with narrative text. An example of a post-reading prediction, where 

one participant hypothesized about the character’s next actions following a sewing mistake, is 

included below: They probably dis-attached it. 

Metacognitive strategies. Within the monitoring category, I identified a theme of 

metacognitive activity that was related to the formation of a general (macrostructure) 

understanding of the text. The codes within this theme included checking for understanding, 

perceptions of the reader’s own behaviour, and the reader’s awareness of their own difficulty 

understanding. In each case, participants were reporting on their activity of considering their own 

progress in building meaning in that particular text. In the example below, a participant reports on 

their awareness of their own progress in building meaning after reading an additional section of 

text to clarify the situation: So that’s what they’re doing.  

Another theme within the monitoring category was related to the formation of a specific 

(microstructure) understanding of the text, particularly related to a small section within the text. 

Codes within this theme included the strategic re-reading of specific parts of text after they had 
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read it through in its entirety to address an area of confusion, the strategic skimming of specific 

parts of text, again following a complete reading, and a number of codes related to the reported 

perception of one’s own difficulty in comprehending a section of text. Codes related to the 

perception of difficulty included having already read a section, losing one’s place in the text 

while reading, making a mistake or a number of mistakes while reading, having difficulty 

understanding a word or number of words, and having difficulty saying a word or number of 

words. Each of these codes reflected readers’ awareness of their progress in making sense of 

sections within the text, as small as single words within it. An example below illustrates how one 

participant reported their awareness of their own difficulty in reading one particular section of 

text when they began to re-read a section: The sh- wait, did I already read that? Yeah. 

The final theme within the monitoring category captured any instances of readers taking 

action to address inconsistencies between their understanding of the text and the actual content 

within the text. One code within this theme reflects participants’ actions of distorting information 

within the text in order to make it consistent with their ongoing hypothesis of what is happening 

in the text. This theme falls within the monitoring category because it has to do with readers’ 

monitoring of whether or not they have comprehended what they have just finished reading 

(Pressley & Afflerbach, 1995), and an example of an individual distorting the facts of how the 

farm in the graphic text operates is included below: It’s just making waves trying to get the water 

into the fish tanks. 

Affective strategies. Within the evaluating category, the first theme reflects an affective 

response to the content of the text. Codes within this theme include comments on a situation 

within the text, expression of enjoyment or lack of enjoyment of the text, laughter in response to 

the text, and comments on one or multiple characters within the text. Each code shares the 

common property of having to do with the subject matter within a text, including the example 

below of one participant’s affective response to a text, referring to the establishment of an online 
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repository of information in the expository text: It’s kind of cool how they have the online stuff, I 

don’t think I have heard of that before. 

The other theme within the evaluating category contains any codes that relate to an 

affective response to the style of writing. Unlike the previous theme, codes included that relate to 

style have to do with the actual writing used to communicate the subject matter. Codes within this 

theme included affective responses to the length of text, the style or type of text, choice of 

word(s) within the text, and responses more generally to the writing. One example below 

illustrates how one participant engaged with the text style on an affective level: I never 

understood the word wailed, I just I couldn’t get my hand around it, like head.  

Each code, theme, and category reflects the protocol compiled by Pressley and Afflerbach 

(1995), though some terminology was taken from a document put together by the school board 

from which participants were recruited. While the protocol (Pressley & Afflerbach, 1995) used 

for data analysis is comprehensive, participants were explicitly taught to use the reading strategies 

outlined in the document put together by the board over the course of their literacy instruction in 

school. As a result, the terminology used in the board document for each reading strategy in some 

cases more accurately reflected the behaviour participants verbally reported during reading 

because of their familiarity with the strategies they had been instructed to use in school. Using the 

codes, themes, and categories outlined above, differences between groups in reading 

comprehension and reading strategy use across text types are reported in what follows.  

Group Differences 

A series of independent samples t-tests was conducted to examine differences in reading 

comprehension and reading strategy use, both by text type, and between poor comprehenders and 

typically-achieving comprehenders. Based on the analyses of past research in this area (Locascio 

et al., 2010), the alpha level to identify significant group differences was set to  < .05. For each 

t-test, I also ran Levene’s test for homogeneity of variances to test for the equality of variances 
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within each group. Effect sizes were also calculated for each comparison using Cohen’s d index 

to determine the magnitude of any significant differences. The index specifies that a d of .20 is a 

small effect, a d of .50 is a moderate effect, and a d above .80 is a large effect (Cohen, 1988).  

Differences Between Typically-Achieving and Poor Comprehenders 

Differences in cognitive functioning. I used a Bonferroni correction to reduce type I 

error when I ran seven independent samples t-tests to test for group differences in cognitive 

functioning, and therefore the alpha level was set to  < .007. A t-test revealed significant 

differences between poor (M = 51.23, SD = 17.18) and typically-achieving (M = 42.42, SD = 

13.96) comprehenders in sorting recognition (t(59.79) = 3.16, p < .005, d = .79). Poor 

comprehenders were significantly poorer at recognizing abstract patterns than typically-achieving 

comprehenders, and according to the Cohen’s d index, the effect size (difference) was moderate. 

T-tests revealed no differences between groups in verbal WM (p = .17), visuospatial WM (p = 

.42), inhibition (p = .14), shifting (p = .04), planning (p = .54), or sorting description (p = .15).  

Differences in reading skills. Poor comprehenders (M = 87.63, SD = 9.01) and typically-

achieving comprehenders (M = 92.54, SD = 9.98) differed in their reading fluency (t(60) = 2.01, p 

= .01, d = .51), but not in their decoding (p = .06). Typically-achieving comprehenders were 

significantly faster and more accurate at word reading, with a moderate effect size according to 

the Cohen’s d index, but not better at recognizing words.  

Differences in reading comprehension. A series of t-tests revealed a number of 

differences between poor comprehenders and typically-achieving comprehenders on measures of 

reading and reading strategy use by text type. There was a significant difference between poor 

comprehenders (M = 6.58, SD = 1.87) and typically-achieving comprehenders (M = 8.00, SD = 

1.35) in narrative text comprehension (t(60) = 3.23, p = .002, d = .87). The typically-achieving 

students scored significantly higher in narrative text comprehension, with a large effect size 

(difference). There was also a significant difference between poor comprehenders (M = 5.87, SD 
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= 1.79) and typically-achieving comprehenders (M = 7.33, SD = 1.74) in expository text 

comprehension (t(60) = 3.18, p = .002, d = .83). The typically-achieving students scored 

significantly higher in expository text comprehension, and the effect size was large. Finally, there 

was a significant difference between poor comprehenders (M = 5.05, SD = 1.99) and typically-

achieving comprehenders (M = 6.92, SD = 1.72) in graphic text comprehension (t(60) = 3.79, p < 

.001, d = 1.01). The typically-achieving students scored significantly higher in graphic text 

comprehension, and the effect size was large. 

Differences in reading strategy use with narrative text. For group differences in 

reading strategy use for narrative text, there was a significant difference between poor 

comprehenders (M = 2.11, SD = 2.65) and typically-achieving comprehenders (M = 5.67, SD = 

5.10) in the use of strategies for constructing meaning (t(60) = 3.16, p = .003, d = .87). The 

typically-achieving students scored significantly higher in the use of reading strategies for 

constructing meaning, with a large effect size. There were no significant differences between 

groups in the use of monitoring (p = .77) or evaluative strategies (p = .15) when reading narrative 

text.  

Differences in reading strategy use with expository text. In expository text, there was 

again significant difference between poor comprehenders (M = 1.58, SD = 1.98) and typically-

achieving comprehenders (M = 3.71, SD = 4.04) in the use of strategies for constructing meaning 

(t(60) = 2.41, p = .02, d = .67). The typically-achieving students scored significantly higher in the 

use of reading strategies for constructing meaning. According to the Cohen’s d index, the 

difference represented a moderate effect size. There were no significant differences between 

groups in the use of monitoring (p = .99) or evaluative strategies (p = .10) when reading 

expository text. 

Differences in reading strategy use with graphic text. Lastly, for graphic text, there 

was a significant difference between poor comprehenders (M = .03, SD = .16) and typically-
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achieving comprehenders (M = .33, SD = .57) in the use of evaluative reading strategies (t(60) = 

2.60, p = .02, d = .72). The typically-achieving students scored significantly higher in the use of 

evaluative strategies, and according to the Cohen’s d index, the effect size was moderate. There 

were no significant differences between groups in the use of monitoring (p = .44) or constructing 

meaning (p = .11) reading strategies when reading graphic text. 

The Contribution of Cognitive Functions to Reading Comprehension 

A series of stepwise regression equations was calculated to examine which cognitive 

functions (i.e., verbal and visuospatial WM, as well as the EF variables for inhibition, shifting, 

planning, sorting description, and sorting recognition) predict the relationships among WM, EF, 

and comprehension of different text formats for the second research question. The regression 

models for each type of text can be seen in Table 8. The first regression was calculated to predict 

narrative text comprehension; a significant regression equation was found (F(1, 60) = 13.30, p < 

.005), with an R2 of .18. Sorting recognition was a significant predictor of narrative text 

comprehension, explaining 18% of the variance.  

TABLE 8. Stepwise Multiple Regression Analyses: Predictive Models of Reading  

Comprehension.  

Model Variable   R² R² Change df F 

Narrative Text Sorting Recognition  .18 - 60 13.30** 

Expository Text Sorting Recognition  

Inhibition 

.20 

.25 

- 

.05 

60 

59 

14.57*** 

  9.70*** 

Graphic Text Sorting Recognition  .12 - 60   7.90* 

Note. * = p < .01, ** = p < .005, *** = p < .001. 

 

The second regression was calculated to predict expository text comprehension based on 

the same seven cognitive functioning variables. A significant regression equation was found (F(2, 

59) = 9.70, p < .001), with an R2 of .25. Both inhibition and sorting recognition were significant 

predictors of expository text comprehension, with sorting recognition explaining 20% of the 

variance and inhibition explaining an additional 5%.  
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The final regression equation was calculated to predict graphic text reading 

comprehension based again on the same seven cognitive functioning variables. A significant 

regression equation was found (F(1, 60) = 7.90, p < .01), with an R2 of .12. Sorting recognition 

was a significant predictor of graphic text comprehension, explaining 12% of the variance.  

The Role of Cognitive Functions in Explaining Differences Between Students 

For the third research question, a series of hierarchical regression analyses was 

conducted. I used the forced entry method within the first blocks to examine the role of cognitive 

functions for each question, again given the exploratory nature of this research, using a contrast 

variable to capture variability in reading comprehension between poor comprehenders and 

typically-achieving comprehenders. This allowed for examination of the individual contributions 

of each type of cognitive functioning in reducing differences in reading comprehension between 

the two groups. The first regressions for each text type were calculated to determine the amount 

of variance between typically-achieving and poor comprehenders in that particular type of text. I 

used a contrast variable to represent the difference between group performance in general reading 

comprehension as the independent variable in each case, and the comprehension score for each 

text type was the dependent variable in each model. Following the initial models, each cognitive 

functioning variable (including verbal and visuospatial working memory, as well as the executive 

function variables for inhibition, shifting, planning, sorting description, and sorting recognition) 

was entered in the first block, with the contrast variable entered in the second block. The second 

regression revealed which cognitive functions could account for the difference between typically-

achieving and poor comprehenders in comprehension of each type of text by significantly 

reducing the variance. The contrast variable for each regression model was the difference 

between typically-achieving and poor comprehenders in general reading comprehension, and the 

dependent variable in each regression model was the type of text. The regression models for each 

type of text can be seen in Tables 9-11. 
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TABLE 9. Multiple Regression Analyses: Cognitive Functions and Differences in Reading 

Comprehension with Narrative Text. 

Order of Entry Variable  R² R² Change df F  

 

1 

 

1 

2 

Model 1 

PC vs. TA 

Model 2 

Sorting Rec 

Sorting Rec and PC vs. TA 

 

.15 

 

.18 

.25 

 

- 

 

- 

.06 

 

60 

 

60 

59 

 

10.41** 

 

13.30**  

  9.56*** 

Note. PC = poor comprehenders, TA = typically-achieving comprehenders, Rec = recognition, * 

= p < .01; ** = p < .005; *** = p < .001. 

 

The contrast between typically achieving and poor comprehenders accounted for 14.8% 

of the initial variance for narrative text comprehension. A significant regression equation was 

found (F(2, 59) = 9.56, p < .001), with an R2 Change of .06. Sorting recognition was the only 

variable that emerged as a predictor and reduced the variance between typically-achieving and 

poor comprehenders from 14.8% to 6.3%.  

The contrast between typically achieving and poor comprehenders accounted for 14.4% 

of the initial variance for expository text comprehension. A significant regression equation was 

found (F(3, 58) = 7.86, p < .001), with an R2 Change of .04. Sorting recognition and inhibition 

were the only variables that emerged as predictors and reduced the variance between typically-

achieving and poor comprehenders from 14.4% to 4.2%.  

TABLE 10. Multiple Regression Analyses: Cognitive Functions and Differences in Reading 

Comprehension with Expository Text. 

Order of Entry Variable  R² R² Change df F  

 

1 

 

1 

2 

3 

Model 1 

PC vs. TA 

Model 2 

Sorting Rec 

Sorting Rec, Inhibition 

Sorting Rec, Inhibition, and PC vs. TA 

 

.14 

 

.20 

.25 

.29 

 

- 

 

- 

.05 

.04 

 

60 

 

60 

59 

58 

 

10.09** 

 

14.57*** 

  9.70***  

  7.86*** 
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Note. PC = poor comprehenders, TA = typically-achieving comprehenders, Rec = recognition, * 

= p < .01; ** = p < .005; *** = p < .001. 

 

TABLE 11. Multiple Regression Analyses: Cognitive Functions and Differences in Reading 

Comprehension with Graphic Text. 

Order of Entry Variable  R² R² Change df F  

 

1 

 

1 

2 

Model 1 

PC vs. TA 

Model 2 

Sorting Rec 

Sorting Rec and PC vs. TA 

 

.19 

 

.12 

.23 

 

- 

 

- 

.12 

 

60 

 

60 

59 

 

14.35*** 

   

  7.90**  

  8.96*** 

Note. PC = poor comprehenders, TA = typically-achieving comprehenders, Rec = recognition, * 

= p < .01; ** = p < .005; *** = p < .001. 

 

The contrast between typically achieving and poor comprehenders accounted for 19.3% 

of the initial variance for graphic text comprehension.  A significant regression equation was 

found (F(2, 59) = 8.96, p < .001), with an R2 Change of .12. Sorting recognition was the only 

variable that emerged as a predictor and reduced the variance between typically-achieving and 

poor comprehenders from 19.3% to 11.7%.  

Summary of the Findings 

Independent samples t-tests revealed that typically-achieving comprehenders 

outperformed poor comprehenders across all three types of text with large effect sizes in each 

case. A group difference in the use of reading strategies for both narrative and expository text 

reading was only found with strategies used for constructing meaning, where typically-achieving 

comprehenders in used more cognitive strategies when reading narrative and expository text than 

poor comprehenders. The group difference for narrative text cognitive strategy use was large, and 

the difference was moderate for expository text. Typically-achieving comprehenders used more 

evaluative reading strategies than poor comprehenders with a moderately-sized difference for 

graphic text.  
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Regression analyses revealed that expository text comprehension was predicted by 

participants’ abilities to exercise inhibition and recognize abstract patterns. Narrative and graphic 

text comprehension were only predicted by participants’ ability to recognize abstract patterns. 

Sorting recognition accounted for a significant amount of the variance between typically-

achieving and poor comprehenders across all three types of text. Inhibition was the only other 

cognitive variable to account for a significant amount of variance between groups beyond sorting 

recognition. While cognitive functioning reduced the variance between groups to below 10% for 

narrative and expository text, the variance remained above 10% for graphic text after all cognitive 

functioning variables were entered into the regression model.  
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Chapter 5 

Discussion 

The purpose of the present study was to understand how students build comprehension 

when reading different formats of text, and how cognitive functioning influences reading 

comprehension. The following research questions addressed the purpose:  

1. What differences exist between poor comprehenders and typically-achieving 

comprehenders in reading comprehension across text formats and in the use of reading 

strategies across text formats? 

2. Which cognitive functions contribute to comprehension across different text formats?  

3. Which cognitive functions explain differences between poor comprehenders and 

typically-achieving comprehenders in comprehension across different text formats? 

In this chapter I build on the findings reported in the previous chapter, and examine them 

more deeply. This chapter begins with a discussion of the results for each research question, 

making comparisons to past research and existing theoretical models. Next, recommendations for 

how the findings contribute to research and practice are discussed, along with suggestions for 

future research. Following recommendations and suggestions, I identify and discuss the 

limitations of the present study before ending with a conclusion focused on the value of the 

present study in relation to Education. 

Reading Comprehension Across Text Formats 

One surprising finding was that being male was correlated with better general reading 

comprehension scores. Typically in research on reading, females have been found to outperform 

males on measures of reading comprehension (e.g., Mullis, Martin, Gonzalez, & Kennedy, 2003). 

One possible explanation for a contrary finding is that in the recruitment of participants for the 

present study, teachers recommended students that they felt fit the criteria for inclusion. Given the 
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trend of females outperforming males in reading research, teachers may be more likely to notice 

(and therefore recommend) females that are significantly low-achieving in reading 

comprehension compared to females that are low-achieving or typically-achieving. Looking at the 

percentage of females in both groups, it appears that the typically-achieving comprehenders 

group was almost entirely made up of males, whereas the poor comprehenders group was closer 

to an even split between males and females. Having more females in the poor comprehenders 

group (with lower general reading comprehension scores) would likely pull the general reading 

comprehension mean lower for females than if there had been a more even split in both 

populations.  

A series of independent samples t-tests revealed a number of differences between poor 

comprehenders and typically-achieving comprehenders on measures of reading comprehension 

by text type. The typically-achieving students scored significantly higher in narrative, expository, 

and graphic text comprehension, and according to the Cohen’s d index, the magnitude of 

difference in each case was large. The differences in magnitude between populations appeared to 

be similar with narrative and graphic text, though appeared to be larger with graphic text.  

The results of the present study are consistent with past research that has demonstrated a 

significant difference between good readers and poor readers in comprehension of both narrative 

and expository text (Lau, 2006). In Lau’s (2006) study, poor readers represented the lowest 

33.3% of students in China academically, and good readers represented the highest 33.3% of 

students. The present study demonstrates that a significant gap in comprehension exists across 

three text types even between poor comprehenders and typically-achieving comprehenders. While 

one might expect a significant gap in comprehension between students at the lowest end and at 

the highest end of achievement, the present study demonstrates that the same might be the case 

for students at the lowest level of achievement and those who are average-achievers. This finding 
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implies that in order to close the gap between poor comprehenders and typically-achieving 

comprehenders, intervention is likely required.  

While little research exists on graphic text comprehension, and none specifically on how 

students build comprehension with graphic text, past research can be used to interpret the findings 

concerning graphic text in the present study. One might expect that individuals with specific 

deficits in reading comprehension, whether identified with an LD or not, would more likely 

populate the poor comprehenders group compared to the typically-achieving comprehenders 

group in the present study. While past research has suggested that individuals with LD in reading 

struggle more as text becomes less structured, a wider gap between poor comprehenders and 

typically-achieving comprehenders would be expected from narrative to expository to graphic 

text. While the magnitude of difference was virtually the same between groups in narrative text 

comprehension (d = .87) and expository text comprehension (d = .83), the difference between 

groups was by far the largest in graphic text comprehension (d = 1.01). Though the gap may not 

have widened as expected in the move from the most structured narrative text style to expository 

text, it did widen with graphic text—a style that is unique in its inclusion of more than one type of 

information.  

Narrative text and expository text both share the common property of all information 

being processed using verbal WM (words). In contrast, graphic text is processed using both 

verbal (words) and visuospatial WM (images and spatial design). In many cases, graphic text has 

no clear place to begin, requiring the use of planning skills on the part of the reader to make 

decisions about where and how to read on an ongoing basis. Individuals with specific deficits in 

reading comprehension present with lower performance in planning, and again, are likely better 

represented in the poor comprehenders group of the present study than in the typically-achieving 

comprehenders group. A significant correlation was found between planning and graphic text in 

the present study, but not with planning and other types of text. These findings together suggest 
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that for individuals who struggle with reading comprehension, graphic text seems to provide an 

even greater challenge in its requirement for readers to make decisions about how to read, rather 

than simply proceeding left to right and down the page. Further, rather than simply requiring 

readers to interpret visual information with embedded images, graphic text also requires readers 

to interpret spatial information with the placement of verbal and visual information within the 

page. 

Independent samples t-tests revealed that poor and typically-achieving comprehenders in 

the present study differed in their sorting recognition abilities, but not in any other cognitive 

functions that were assessed. Past research concerning differences in reading comprehension and 

cognitive functions is limited to WM, in which researchers have found that visuospatial working 

memory predicted graphic text comprehension (Sanchez & Wiley, 2014). The lack of difference 

between groups in cognitive functioning aside from the EF sorting recognition may reflect past 

research using poor and good readers, rather than those who are typically-achieving and poor, and 

therefore one would expect a smaller difference.  

The difference between groups in sorting recognition can be unpacked and considered in 

relation to reading. Regarding sorting recognition, recognizing patterns may be more important as 

text becomes less structured. Narrative text often contains characters, plot, and themes (Saenz & 

Fuchs, 2002), and therefore patterns among texts may be easier to recognize, making 

comprehension building an easier process. Though expository text is less structured than narrative 

text in that the method of organizing information (e.g., compare and contrast) may differ across 

texts, it is read from top to bottom and left to right like narrative text and therefore may also 

require less pattern recognition compared to graphic text. When individuals are required to read 

text that involves verbal and visuospatial processing, pattern recognition may become more 

important as individuals work to make sense of the text. Individuals with better pattern 
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recognition likely will present with better general reading comprehension, and a greater gap can 

be expected between good and poor comprehenders as text becomes less structured. 

A finding from the present study that aligns with past research (Roberts et al., 2013) is 

that general reading comprehension and graphic text comprehension were positively related (r = 

.49). As expected, the individuals in the present study who were better general comprehenders 

were also better at comprehending graphic text. Individuals that were better general reading 

comprehenders were also likely better at comprehending graphical devices (Roberts et al., 2013) 

such as arrows indicating direction of the water flow through the fish farm. 

The findings also provide evidence for whether or not poor comprehenders benefit from 

the presence of visual information in graphic text compared to text that only contains verbal 

information. According to past research, poor readers could be expected to present with poorer 

comprehension because they would produce poor internalizations of information with poorer WM 

resources (Pazzaglia et al., 2008). With graphic text, internalizations of information may be 

supplanted with the images provided. Typically-achieving comprehenders would be expected to 

produce stronger internalizations of information as they read, and therefore might be expected to 

benefit less from images in graphic text because they are already creating images themselves. 

Were this expectation realized, the difference between typically-achieving and poor 

comprehenders might have been smaller for graphic text than for narrative and expository text. 

One possible explanation is that poor comprehenders are not aided by the presence of visual 

information, but may actually be more challenged by it. Specifically, poor comprehenders may 

not have a more difficult time with interpreting visuospatial information, but with integrating 

different types of information given that the groups did not differ in visuospatial WM. 

Alternatively, it may be that the challenge of determining the order to read the graphic text in was 

more challenging for poor comprehenders, however again, the groups did not differ in their 

planning ability which would theoretically be involved in determining order for reading.  
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Revisiting part of the first research question that concerns comprehension of text types 

between poor and typically-achieving students, significant differences existed between poor and 

typically-achieving comprehenders in narrative, expository, and graphic text comprehension, with 

the greatest difference in graphic text comprehension. In the next section I discuss the remainder 

of the first research question concerning differences between groups in reading strategy use 

across text types. 

The Use of Reading Strategies Across Text Formats 

Another series of independent samples t-tests revealed a number of differences between 

poor comprehenders and typically-achieving comprehenders on measures of reading strategy use 

by text type. For both narrative and expository text, the typically-achieving students scored 

significantly higher in the use of reading strategies for constructing meaning. According to the 

Cohen’s d index, the difference was large for narrative text and moderate for expository text. For 

both types of text, there were no significant differences between groups in the use of monitoring 

or evaluative strategies. In the case of graphic text, the typically-achieving students scored 

significantly higher in the use of evaluative strategies, with a moderate difference according to 

the Cohen’s d index. There were no significant differences between groups in the use of 

monitoring or constructing meaning reading strategies when reading graphic text. 

According to past research, poor readers use fewer reading strategies, both cognitive and 

metacognitive, than good readers with narrative and expository text (Anastasiou & Griva, 2009; 

Lau, 2006). In the present study, the same difference existed between typically-achieving and 

poor comprehenders with cognitive strategies, which involve a direct engagement with the text 

material. This finding suggests that cognitive strategies appear to be an important area of deficit 

for individuals who struggle with reading comprehension. What is not known is if the deficit is a 

result of not knowing how to use strategies (e.g., making an inference), not knowing when to use 

a strategy during reading, or a lack of confidence in using the strategy. Individuals with LD, a 
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population who may in part make up the poor comprehenders in the present study, have been 

found to have lower confidence in their abilities than their peers (Baird et al., 2009). Given that 

individuals are verbally reporting strategy use in the present study, they may also be less likely to 

attempt or report attempts as using strategies they feel less confident about, leading to a 

significant difference in cognitive strategy use between groups. 

In the present study, poor comprehenders and typically achieving comprehenders did not 

differ in their reported use of metacognitive strategies—those that involve a reflection on one’s 

own thinking—when reading narrative, expository, or graphic text. It is possible that 

metacognitive strategy use distinguishes good comprehenders from typically-achieving and poor 

comprehenders. Given the findings that typically-achieving comprehenders use more cognitive 

strategies than poor comprehenders across text types, perhaps cognitive strategy use separates 

poor and typically-achieving comprehenders, and metacognitive strategy use would separate 

typically-achieving and good comprehenders. The use of cognitive strategies may separate all 

three groups (good, typically-achieving, and poor comprehenders). Both poor comprehenders and 

typically-achieving comprehenders are groups who struggle with comprehension, though one 

group more severely than the other. This shared struggle may impede an individuals’ ability to 

reflect on their own thinking as they are too focused on getting through the text or trying to make 

sense of it. Alternatively, looking at the reading strategies as seen in Table 1, it is possible that 

poor comprehenders are paying more attention to mistakes they are making and challenges they 

are experiencing, and typically-achieving comprehenders are reflecting on their own progress and 

checking their understanding more, leveling out the use of metacognitive strategies and therefore 

concealing any difference between groups in metacognitive strategy use that may actually exist.  

With graphic text, typically-achieving comprehenders used more evaluative strategies 

than poor comprehenders. These strategies, focused upon affective responses to the text, may be a 

good indicator of emotional engagement. Conceptually, motivation to read and engage with a text 
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could be captured with a measure for how emotionally engaged an individual is when they read. 

An individual that is not motivated to read and engage with a text would likely not engage 

emotionally with a text while reading as they would just be trying to get through the reading task.  

As discussed earlier, the greatest gap between groups in reading comprehension was with graphic 

text, and the difference in evaluative strategy use may be an indication that typically-achieving 

comprehenders were more emotionally invested in reading the graphic text. Lau (2006) suggested 

differences he found between good and poor readers in strategy use may be a reflection of 

motivation, where poor readers are simply less motivated to engage in something they are not as 

good at, and therefore they report using fewer strategies. It is possible that the shorter length of 

the graphic text compared to the narrative and expository text did not allow readers ample 

opportunity to use and report strategies while reading, leading to a low output across all 

participants and no difference as a result.  

Most importantly, these findings highlight that we cannot generalize reading behaviour 

across text types. Knowing how students read narrative and expository text does not necessarily 

represent how they read graphic text, as differences between groups were not found in cognitive 

strategy use with graphic text. This finding suggests that graphic text may be unique compared to 

other types of text not only in appearance, but also in the way students engage with it, warranting 

further study.  

Regarding cognitive functions and reading strategy use, one might expect comprehenders 

with lower WM to integrate information less given that lower WM has been found to affect the 

quality of internalizations of information (Pazzaglia et al., 2008). One might also expect 

individuals with higher WM to be better at finding the main idea and generally comprehending 

graphic text given past research (Sanchez & Wiley, 2006).  However, typically-achieving 

comprehenders and poor comprehenders did not differ in WM in the present study, and WM was 

not found to be related to reading strategy use with any text type. While these groups did differ in 
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reading comprehension, most noticeably with graphic text, it does not appear to have been a 

result of differences in WM as much as other cognitive functions. 

Cognitive Functioning and Reading Comprehension 

This section addresses the second and third research questions regarding the role that 

cognitive functions have in reading comprehension and in distinguishing between typically-

achieving and poor comprehenders. A series of multiple regression equations was calculated 

using the stepwise method to predict reading comprehension for each text type. I used stepwise 

regression because the research questions in the present study were largely exploratory. While 

some research exists that examines cognitive functioning and reading comprehension (e.g., 

Kieffer et al., 2013), I am not aware of any research that distinguishes among text types to 

determine how cognitive functions contribute to reading comprehension. Sorting recognition was 

a significant predictor of narrative text comprehension, explaining 18% of the variance. Both 

inhibition and sorting recognition were significant predictors of expository text comprehension, 

with sorting recognition explaining 20% of the variance and inhibition explaining an additional 

5%. Sorting recognition was a significant predictor of graphic text comprehension, explaining 

12% of the variance. 

Narrative text comprehension was significantly related to verbal WM, sorting description, 

and sorting recognition. Both verbal WM and sorting description may have been subsumed by 

sorting recognition in the multiple regression equations for narrative text comprehension. The 

sorting recognition task in the present study required participants to identify visual or verbal 

patterns of cards that had been sorted into two piles for them. Verbal WM would have been 

necessary in order to temporarily store verbal information (words) and consider it in order to 

identify patterns and differences among the cards. The difference between sorting description and 

sorting recognition is in who is initially sorting the cards, and therefore one would expect overlap 

between these variables. The relationship between narrative text comprehension and verbal WM 
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was expected based on past research (e.g., Silva et al., 2012), and given the nature of the sorting 

recognition task it is not surprising that it did not uniquely contribute to predicting narrative text 

comprehension.  

Expository text was significantly related to shifting, inhibition, sorting description, and 

sorting recognition. Shifting among words on the page and thoughts related to the text is essential 

in building comprehension with any text, and ignoring irrelevant information in favour of more 

relevant information allows the reader to build a coherent representation of the text. The findings 

from past research seem to suggest that WM, inhibition, and shifting all predict reading 

comprehension, though distinctions were not made between narrative and expository text were 

not made (Arrington et al., 2014; Kieffer et al., 2013), making it difficult to compare the results 

from the present study to past research regarding text type. Recognizing patterns in the text may 

be more important as text becomes less structured and familiar, and only sorting recognition and 

inhibition uniquely contributed to predicting expository text comprehension, again possibly 

suggesting an overlap in the cognitive functions that each measure tapped (McCabe et al., 2010).  

Similar to narrative and expository text comprehension, graphic text comprehension was 

significantly related to sorting recognition. Planning was the only other variable that was 

significantly related to graphic text comprehension. With graphic text, the reader must decide 

where to begin reading, as well as what order to proceed through the text, and therefore one could 

expect that how well an individual plans reading would relate to how well they understand highly 

unstructured text. Like narrative text, only sorting recognition predicted graphic text 

comprehension, though it explained less of the variance.  

Looking across the findings from the three text types and cognitive functions, sorting 

recognition predicted text comprehension with each text. This may have been due to the complex 

nature of the measure used, in that the sorting recognition task required individuals to shift among 

the shapes, restrain from organizing the shapes into responses already used, and plan how to 
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examine the shapes to identify distinct features. The increase in how much of the variance 

cognitive functions predicted with narrative text to expository text, including the appearance of 

inhibition as a unique predictor, may be a reflection of the extra challenge expository text 

presents in being more unstructured and requiring more work on the reader’s part to make sense 

of the text. With graphic text, the drop in the amount of variance that could be explained by 

cognitive functions further outlines it as a unique text type that warrants further investigation 

compared to narrative and expository text. One might expect cognitive functions to explain more 

of the variance given that it may be the most challenging type of text as the most unstructured but 

it may be that other variables outside of cognitive functions should be considered as well as other 

cognitive functions not included in this study. In the next section I discuss cognitive functions as 

distinguishing variables between the two groups. 

Another series of multiple regression equations was calculated using the hierarchical, 

enter and stepwise methods and a contrast variable to examine the role of cognitive functions in 

explaining the differences in reading comprehension scores between typically-achieving and poor 

comprehenders with each text type. Sorting recognition significantly reduced the variance 

between the two groups for narrative, expository, and graphic text. Inhibition also significantly 

reduced the variance in addition to sorting recognition with expository text. The remaining 6.3% 

of the variance was unaccounted for by cognitive functions for narrative text, with 4.2% and 

11.7% remaining unaccounted for by expository text and graphic text, respectively. 

Revisiting the differences between the two groups in the present study, typically-

achieving comprehenders were better at recognizing abstract patterns that had been presented to 

them, and at moving fluently among information, whether verbal (fluency) or visual (shifting).  

As mentioned previously, individuals with LD specific to reading comprehension would be more 

likely to be found in the poor comprehenders group than in the typically-achieving 

comprehenders group. If this was the case with the groups in the present study, we would have 



 

99 

 

expected that based on past research, the poor comprehenders group would have had lower 

cognitive functions (Swanson, 1999), especially planning (Locascio et al., 2010) than their 

typically-achieving peers. Verbal WM, shifting, inhibition, sorting recognition, and sorting 

description were all significantly related to general reading comprehension, which was used to 

form the two groups in the present study.  

When reading comprehension specific to text type was considered, cognitive functions 

accounted for a similar amount of the variance between groups in narrative and expository text. 

Sorting recognition significantly reduced the variance between groups with narrative text, and 

again with expository text in addition to inhibition. The difference between groups in graphic text 

comprehension was less accounted for by cognitive functions, and only by sorting recognition, 

again highlighting its unique nature compared to narrative and expository text. While it is 

possible that typically-achieving comprehenders and poor comprehenders are not far enough 

apart in literacy skills and achievement that cognitive functions distinguish them, it may also 

point to other types of variables that distinguish these two groups, especially with graphic text 

where the strongest gap between the two groups in reading comprehension emerged. 

Though significant relationships between text comprehension and cognitive functioning 

variables were not found in the present study in contrast to past research, one can posit that 

sorting recognition likely tapped a number of cognitive functioning variables (WM, shifting) 

given the nature of the task used for measurement, and therefore a significant amount of overlap 

among variables negated what might otherwise be significant relationships. With the unexplained 

variance remaining across text types, most notably with graphic text, one can consider motivation 

as a potential significant variable in reading comprehension by text type, as is suggested by two 

participants below following readings: 

Like, if I’m not interested I don’t really think that much. (following graphic text) 

I don’t know like, I can understand it better if it’s something I can relate to. (following  
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expository text) 

These quotes are examples that may point to motivation and confidence in one’s own 

reading skills as important factors regarding reading comprehension across text types. The 

participants would have had at least nine years of formal schooling to identify (or in some cases 

have identified for them) problems they would have experienced in reading. They would have 

had time to internalize their reading skills in relation to other “good” and even “average” readers, 

and this may have further separated them from their peers in turning them away from actively 

working at skills that they already were behind in. Next, I consider the theoretical models used 

with the findings from the present study. 

Theoretical Models 

Three theoretical models were used to organize and understand the variables within the 

present study. Bandura’s (1997) concept of reciprocal determinism was used to organize the 

variables of interest within the present study and draw the research questions together. The 

present study was designed with the intention of identifying ways to support individuals that 

severely struggle with reading comprehension given its importance within and beyond the school 

years. In order to understand the severe struggles that some students experience with reading 

comprehension, information about their cognitive functioning (personal) and reading strategy use 

(behavioural) were considered across text types (environment) to recognize that reading 

comprehension struggles may not be uniform.  

Considering different text types was an insightful endeavour as it revealed differences 

among text types between typically-achieving and poor comprehenders in the types of strategies 

that were used. Including three text types also demonstrated that the gap between the two groups 

in reading comprehension was largest with graphic text, suggesting a need for further 

examination to understand how students engage with this type of text. The examination of 

reading behaviour led to differences in how types of reading strategies were used between 
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typically-achieving and poor comprehenders, namely with cognitive strategy use and evaluative 

strategy use. Finally, both correlational and multiple regression analyses of cognitive functioning 

revealed the relationships among the use of specific cognitive functions to comprehension by text 

type, as well as how specific cognitive functions might explain what differentiates typically-

achieving and poor comprehenders in their comprehension of specific types of text. Bandura’s 

(1997) concept of reciprocal determinism proved to be valuable in organizing the research 

questions and direction of the present study, given that each aspect of the concept (personal, 

behaviour, and environment) yielded significant findings. 

The value of the models of WM and EF were less clear as low reliability scores 

challenges the validity of the findings. Visuospatial WM did not emerge as a significant variable 

in distinguishing groups, predicting reading comprehension, or relating to variables other than 

sorting recognition. Verbal WM did relate to narrative text comprehension, but it is possible that 

both visuospatial and verbal WM were subsumed by other cognitive functioning variables (e.g., 

sorting recognition) in regression models. One finding that could relate to WM was that typically-

achieving and poor comprehenders differed in fluency.  Bandura’s (1974) WM suggests that the 

verbal and visuospatial stores hold information only temporarily, and that it must be maintained 

within the episodic buffer to build meaning and eventually sent to long-term memory, or it 

becomes lost or inaccessible. Individuals with strong fluency would more easily build meaning 

than individuals with poor fluency in that they would be less likely to lose information they could 

draw on due to temporal constraints. The WM model (Baddeley & Hitch, 1974) used in the 

present study therefore could inform our understanding of what distinguishes poor 

comprehenders from typically-achieving comprehenders, but independent samples t-tests did not 

reveal differences between groups in visuospatial or verbal WM.  

Within EF, sorting recognition emerged as an important variable in explaining the 

variance in comprehension by text type and the differences among typically-achieving and poor 
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comprehenders in comprehension by text type. Past research on EF and reading comprehension 

led to the decision to include shifting, inhibition, and planning within the present study, and 

including sorting description and recognition was a logical decision given that research suggests 

individuals benefit from structured text in their ability to recognize familiar patterns (e.g., theme) 

in text. Sorting recognition likely subsumed other EF variables, due to the reputed importance of 

other EF variables in reading comprehension according to past research (e.g., Swanson, 1999) 

and their lack of importance in the present study, and also because the measure for sorting 

recognition required the use of a number of skills. Individuals were required to shift between 

cards, inhibit the impulse to focus on patterns they had already identified, plan an approach to 

examining the cards, and, theoretically, rely on verbal and visuospatial resources to process text, 

physical features, and consider multiple cards together. The sorting measures used in the present 

study are an example of measures that tap into multiple skills, and therefore could be viewed 

differently according to how EF is understood. Those that view EF as a unidimensional variable 

would likely employ measures like sorting recognition because they do not distinguish among 

base skills. Those that view EF as a set of independent but related skills would likely find the use 

of the sorting recognition measure problematic because it does not provide information about 

individuals’ specific EF skills including inhibition and shifting.  

Each of the models considered for the present study did provide value in considering 

what questions to ask to guide the research and what variables to consider in answering the 

questions. I do not believe that the findings from the present study can provide information about 

how to modify the models for WM, EF, or Bandura’s (1974) concept of reciprocal determinism, 

but I do feel that the findings suggest further examination of graphic text and the protocol used 

for assessing strategy use (Pressley & Afflerbach, 1995). In the next section, I consider the 

findings from the present study in relation to future research and practice.  
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Recommendations for Research and Practice 

The manner in which individuals build comprehension with graphic text warrants further 

investigation given the significant challenges poor comprehenders experienced in the present 

study compared to their typically-achieving peers. The taxonomy used for assessing the think-

alouds for reading strategy use (Pressley & Afflerbach, 1995) never explicitly mentions graphic 

text or visual information, as it was likely designed with verbal text as the focus. To better 

understand the experience of students’ building comprehension with graphic text, one might 

employ the use of an eye-tracker in combination with a think-aloud, as this would allow for a 

comparison to be made between what students are reporting they are thinking about and where 

they are looking. Given that graphic text may be the most challenging type of text, cognitive 

resources may be overloaded with processing making it difficult to verbally report thinking 

concurrently with processing. Another possibility would be to allow students to view the record 

of their vision as they were reading to assist in their recall of the comprehension building process, 

allowing a researcher to capture their thought process during reading. 

Some participants in the present study provided an unprompted account of their 

motivation and confidence about reading, specifically with certain types or examples of text. This 

suggests that students, including those who experience severe reading comprehension challenges, 

are likely to be open to sharing their thoughts in a future study focussed on reading motivation 

and confidence across text types. A future study could have students reading in their head and 

only reporting their feelings about the text, including how motivated they are to read and how 

confident they feel as they are trying to understand it, before engaging in a comprehension task 

that could connect motivation and confidence to comprehension of different text types.  

As for recommendations for practice, we can think optimistically about the possibility of 

remediation of reading comprehension for poor comprehenders based on past research with 

similar populations (e.g., Palincsar & Brown, 1984). Individuals who struggle particularly with 
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comprehension have been found to improve their reading comprehension skills with intervention 

(e.g., Edmonds et al., 2009), and therefore it is a case of matching the type of intervention to the 

particular type of need.  

As mentioned previously, it is important to understand if a student’s struggle with 

comprehension is one based on their toolbox, knowledge of the tools, or confidence with the 

tools. If it is an issue based on their toolbox, this means that the student has not learned how to 

use the strategy effectively. Explicit modelling of the strategy, including an explanation of what it 

looks like and what it does, should be provided by the teacher. Issues with the knowledge of the 

tools refer to a lack of understanding about when to use them. A student may have had a teacher 

that explained and modeled how to integrate information to find the main idea within a narrative 

text, but they have not been shown how to do the same with graphic text that contains different 

types of information. In this case, explicitly modelling the application of strategies (tools) is 

important. Lastly, a lack of confidence using tools could come from a number of sources (e.g., 

having a learning disability) and can be a difficult thing to remediate. The goal is to show the 

student that they have a tool and can use it across text types. This requires modelling and an 

opportunity to apply the strategy, ideally where a teacher can give support as needed. The 

Gradual Release of Responsibility model (Pearson & Gallagher, 1983) provides a template for 

how a teacher might remediate all three types of issues (toolbox, knowledge of tools, confidence 

in using tools), though it is important for the teacher to know what particular area(s) the student is 

struggling with.  

When modelling effective reading comprehension, it is important for teachers to be 

explicit as much as possible, particularly with different types of text. Sometimes referred to as 

“taking the top of your head off,” teachers should think-aloud as they are reading to give students 

as much information about what effective reading sounds and looks like when they are modelling. 

As good readers, we probably do not think about how we are dynamic in the way that we 
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approach text depending on the style and difficulty of it. We make adjustments without even 

thinking about it, but for our students attempting to build skills that we already have, we need to 

take the perspective of someone who knows nothing about reading graphic text for example. 

Saying everything that goes through our head—where we are looking, why we are looking there, 

what we are thinking—provides developing comprehenders with examples to guide them in the 

right direction when they are reading.  

There are a number of results from the present study that would be of interest to 

practitioners. The gap between poor comprehenders and typically-achieving comprehenders 

seems to widen with graphic text. Though I did not control for text difficulty, it is clear that those 

with severe reading comprehension challenges were behind their peers in comprehension of each 

type of text, and this was especially the case with graphic text. The recommendations of explicit 

instruction outlined above are therefore particularly important with graphic text when considering 

how to support our readers that struggle most in comprehension. The importance of cognitive 

functioning in reading comprehension with each type of text was demonstrated in both 

associations and regression models, and these can be viewed as specific abilities and functions 

that may impede the building of comprehension and, more specifically, the use of reading 

strategies. Understanding specific abilities and functions (e.g., planning) that students struggle 

with can both inform the accommodations and supports that practitioners provide students and 

also inform students about their specific difficulties to better equip them with knowledge to self-

advocate for supports in school and beyond. In the next section I discuss the limitations of the 

present study.  

Limitations of the Present Study 

One major challenge within the present study was in assessing the think-alouds for 

different categories of reading strategies. While the taxonomy (Pressley & Afflerbach, 1974) 

provided a relatively thorough explanation of each type of strategy, there was significant overlap 
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among strategies within each theme, and even across categories (e.g., cognitive and 

metacognitive strategies). While I made efforts (inter-rater coding, careful reading and re-reading 

of each transcript and the taxonomy) to ensure coding was accurate, it is likely that other 

researchers could see certain utterances as fitting within a number of different codes, or even 

themes or categories. Because I used a consistent approach across all transcripts, coupled with the 

moderate to large effect sizes according to Cohen’s d, the findings of the present study still 

contribute significantly to the literature on understanding how students build comprehension 

across text types.  

Another severe limitation was in measuring how students build comprehension with 

graphic text. The shorter length and increased difficult inherent in managing multiple types of 

information in an unstructured style created challenges in getting an accurate representation of 

how students, specifically poor and typically-achieving comprehenders, build comprehension 

with graphic text. Using the same approach of prompting thinking aloud during reading when 

students were silent likely was not the best way to understand this phenomenon given that the 

style of text is so unique.  

The samples for the typically-achieving and poor comprehenders were not randomly 

equal in gender representation. Past research has identified a gender gap in reading, where 

females typically have been found to outperform males in reading skills (Williams, 2006). The 

finding that better reading comprehension was correlated with being a male contradicts this trend, 

though it is likely due to the lack of equality in gender representation across groups. It is possible 

that when recommending students for each group, teachers are less likely to notice females as 

being typically-achieving in reading because of their knowledge of this trend in research. 

Teachers may have been more likely to notice females that were very low in reading 

comprehension, which would explain why the gender representation was closer to being equal 
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with the poor comprehenders group and was more heavily populated by males in the typically-

achieving group.  

The decision to use stepwise regression with cognitive functions and each text type can 

be seen as a limitation. The decision was made based on the exploratory nature of the present 

study, and the history of using stepwise as the method of building a regression model when 

research is exploratory. This approach may have led to the subsumption of cognitive functions 

that are reputed to be important with reading comprehension by the cognitive measure of sorting 

recognition. There is overlap among the measures used in the present study, and therefore 

entering multiple variables together using the stepwise approach will most certainly lead to 

subsumption of variables that might significantly predict comprehension when entered 

individually as guided by correlations. Another method of approaching the same research 

question would be to allow the correlations to inform both which variables are entered in each 

regression model (e.g., Berg & Hutchinson, 2010) and the order of entry, as this might provide a 

more accurate representation of which cognitive functions relate to reading comprehension with 

each text type.  

Finally, low reliability scores in many of the measures used to assess cognitive functions 

and reading comprehension by text type also were a limitation. Cronbach alpha scores reflect the 

internal consistency of measures (e.g., expository text comprehension) across the items used to 

make up each measure. A low Cronbach alpha score, such as one of a number found with 

cognitive functions and reading comprehension measures in the present study, suggests that a 

measure is not consistently capturing a construct. For example, the measure for expository text 

comprehension in the present study was low. One could surmise that this measure was not 

unidimensional, but rather reflects more than one dimension of expository text comprehension. 

This low internal consistency could be a reflection of the particular population of poor 

comprehenders—those that struggle with reading comprehension but not with fluency or 
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decoding. Regarding the findings in the present study, the low reliability scores call into question 

the validity of some of the findings. Where poor and typically-achieving comprehenders did not 

differ on many of the cognitive functions, it could be that the measures used to assess each 

function were not able to reflect a difference that was present. However, low internal consistency 

with narrative, expository, and graphic text comprehension challenges the findings that poor and 

typically-achieving comprehenders differ in their comprehension across text types. The poor 

internal consistency for each measure of text comprehension makes it more difficult to establish 

validity because of the relatively poor quality of the measure. Because each measure for text 

comprehension by type was borrowed from a high-stakes standardized test, the findings that the 

groups differ in comprehension across text types has value as it reflects differences between 

groups in a key measure that is a requirement for graduation.  

The low internal consistency scores for both verbal WM measures and the visual 

mapping visuospatial WM task suggest that these tasks were not consistently capturing a unitary 

construct of WM in each case. Both verbal WM tasks were adapted from existing WM tasks 

because the original tasks were unavailable to the researcher at the time of data collection. While 

the same model was applied, specifically mirroring the increments in the size of each number set, 

the numbers in each set likely differed substantially from the original. The lack of strategic 

placement of specific numbers in each set may have led to a lower reliability if in the original 

measure the numbers were placed strategically. For the visual mapping task, the original was used 

in the present study and therefore the low reliability score was not a reflection of a poor 

adaptation of the original measure. 

Conclusion 

With the growth of assistive technology in the classroom, students can increasingly 

achieve learning goals with independence for a wide range of learning needs. Specific to reading, 

programs like Kurzweil 3000™ were designed to recognize the difficulty many individuals have 
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with decoding and fluency, and to remediate these issues by reading text fluently and accurately 

for them. Unfortunately for poor comprehenders, the same technology does not exist for making 

sense of text that is unclear. This only further highlights the importance of research on reading 

comprehension.  

Findings from the present study contribute in a number of ways to the literature on how 

students build comprehension: providing evidence that comprehension building is not uniform 

across text types; that poor comprehenders use significantly fewer reading strategies than their 

typically-achieving peers when reading; and that cognitive functioning can, in part, explain the 

variance in reading comprehension and the difference in reading comprehension between the two 

groups. These novel findings underscore a need to teach reading comprehension specifically by 

text type, and to further examine social cognitive variables and their influence on the ways that 

students engage with different types of text.  

Growing up in a world filled with graphic text does not make one literate (Kirschner & 

van Merrienboer, 2013); it only makes becoming a dynamically literate individual—someone 

able to adjust the way they read according to the text type—more important. As educators and 

researchers we must continue to find ways to prepare our students for the world outside of the 

classroom walls, especially for those individuals who fall well behind their peers in fundamental 

life skills like dynamic literacy. 
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