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Professor Susanne Jaeggi, Chair 

 

 

While reading comprehension plays an essential role in students’ academic success and 

future workforce, many students in the elementary school fail to successfully understand what 

they read. Thus, it is important to better understand the underlying processes of this complex 

activity and work towards creating more effective literacy interventions. One of the underlying 

processes of reading comprehension that many students find challenging is the metacognitive 

process of comprehension monitoring. Comprehension monitoring is the skills and strategies 

used to evaluate and regulate comprehension while reading. Through three studies, this 

dissertation aimed to examine third through fifth grade students’ comprehension monitoring 

skills and reading behavior utilizing eye-movement methodology. More specifically, this 

dissertation investigated how students comprehension monitoring may be related to their general 

reading comprehension and vocabulary knowledge, how individual differences in behavioral 

inattention and hyperactivity/impulsivity may be related to comprehension monitoring skills, and 

whether and to what extent students comprehension monitoring skills, in addition to their word 

knowledge, word knowledge calibration, and strategy use, may be improved after participating in 



 

xv 
 

the Word Knowledge e-Book (WKe-Book) intervention. The results demonstrated that students 

with stronger reading comprehension, and stronger vocabulary knowledge were generally more 

likely to attempt regulating their comprehension, and older students showed greater levels of 

comprehension monitoring – specifically employing repair strategies. Moreover, the findings 

elucidated that the students with higher levels of hyperactivity/impulsivity were less likely to 

regulate their comprehension after being confronted with sentence-level inconsistencies, which 

suggests that these students may be less likely to adopt strategic reading standards or engage in 

employing repair strategies. Finally, the results suggested that while participating in the WKe-

Book intervention supported gains in word knowledge and word knowledge calibration, there 

was no evidence found for improvements in students’ strategy use and comprehension 

monitoring skills. The findings from this dissertation have important educational implications for 

developing literacy curriculum. With the use of eye-tracking technology, it is possible to assess 

young readers’ reading processes in a precise manner to better understand at which level of 

comprehension monitoring they may be struggling. This will in return allow for developing more 

effective individualized instruction for all readers, especially for those with mild difficulties 

which may go unnoticed. Improving the complex metacognitive skill of comprehension 

monitoring may require longer interventions, explicit teaching of repair strategies, and 

scaffolding students to actively and consciously evaluate and regulate their comprehension.
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CHAPTER 1: Introduction 

As students advance through elementary school, they shift from learning to read to 

reading to learn from complex content-specific texts (Chall, 1967). Therefore, effectively reading 

for understanding plays a critical role in students’ academic success. This skill remains essential 

for their future performance in the workforce (Conley & Wise, 2011). However, many students 

do not reach a proficient level of reading in fourth grade and this underperformance continues at 

eighth grade (NAEP, 2019). Thus, many researchers have examined reading comprehension to 

better understand its underlying processes and to discover potential sources of difficulties for 

students struggling with reading comprehension. In return, this will allow for creating research-

based and more effective literacy curriculum and interventions to help students struggling with 

reading comprehension. 

Reading Comprehension and Metacognition 

Simply stated, reading comprehension is the active and simultaneous extraction and 

construction of meaning from written language (Snow, 2002). However, it is a complex activity 

(Cartwright, 2009; Rapp & van den Broek, 2005), as it necessitates the concurrent execution of 

many processes (Pressley & Afflerbach, 1995). More specifically, reading comprehension 

requires the coordination of various interacting text-specific, linguistic, and social-cognitive 

processes, which develop over time (Connor, 2016). These activities could also be divided into 

lower-level and higher-level processes. The lower-level processes of reading comprehension 

consist of word reading, reading fluency, and vocabulary knowledge, whereas the higher-level 

processes include inference making and comprehension monitoring (Kendeou et al., 2014). 

These higher-level skills allow the reader to attend to the most relevant aspects of the text, make 

inferences, integrate meaning, and regulate misunderstandings as needed. 
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While reading comprehension has traditionally been considered a cognitive task 

(Schneider, 1988), with the emergence of metacognitive theory in the late 1970s, researchers 

have also investigated how metacognition plays a role in readers’ comprehension (e.g., Baker & 

Brown, 1984; Forrest-Pressley & Gillies, 1983; Garner, 1987). Similar to its importance in self-

regulated learning (Zimmerman, 2000), metacognition plays an essential role in reading 

comprehension. Metacognition is defined as “knowledge and cognition about cognitive 

phenomena” (Flavell, 1979, p. 906) or the conscious awareness of cognitive processes and the 

ability to regulate those processes (Efklides & Misailidi, 2010). More specifically, metacognition 

is suggested to consist of two main subcomponents of knowledge of cognition and regulation of 

cognition (e.g., Schraw & Moshman, 1995). Knowledge of cognition (i.e., metacognitive 

knowledge) refers to the conscious knowledge or information that one has about their own 

cognition (Moses & Baird, 1999). Metacognitive knowledge has been further divided into 

knowledge about persons, tasks, strategies, and their interactions (Flavell, 1979).  

When it comes to reading comprehension, among other skills, metacognitive knowledge 

may refer to being consciously aware of reading strategies that can be employed when 

comprehension fails (e.g., Myers & Paris, 1978) or the readers’ knowledge about goal of reading 

(Baker & Brown, 1984). Regulation of cognition (i.e., metacognitive regulation), is the potential 

to control or manipulate the cognitive processes and consists of various executive functioning 

skills, such as planning, resource allocation, monitoring, checking, and error detection and 

correction (Brown et al., 1983). Nelson & Narens (1990) divided metacognition regulation into 

two processes of monitoring and control – depending on whether information is flowing to or 

from the “meta-level”. When the cognitive process at hand is reading comprehension, the 

metacognitive regulation processes are known as comprehension monitoring – evaluating and 
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regulating comprehension while reading (e.g., Baker, 1989; Baker & Beall, 2009; Connor et al., 

2015). Thus, the two aspects of comprehension monitoring, evaluation and regulation, may be 

considered to be analogous to the two processes of metacognitive regulation, monitoring and 

control. It is important to distinguish between these processes as readers may be able to evaluate 

their comprehension but may not engage or lack the knowledge or ability to regulate their 

comprehension (Baker, 1984; Connor et al., 2015). For readers to resolve comprehension failure, 

they must first detect the failure, then decide whether they will take steps to fix the failure, and 

finally, conditional to their prior decision engage in “fixup activities” (Alessi et al., 1979). 

Comprehension Monitoring 

Comprehension monitoring, also known as self-regulated comprehension (Hacker, 1998), 

plays a critical and necessary role for effective comprehension (e.g., Kinnunen et al., 1998). 

Through the evaluation and regulation process, readers self-check for their understanding and 

identify misunderstandings that may arise and consequently self-correct by adopting reading 

strategies to facilitate successful comprehension (Winograd & Johston, 1982). Therefore, not 

effectively monitoring comprehension may be one of the underlying reasons for poor reading 

comprehension. Many students with poor reading comprehension skills have been found to lack 

the skills to proficiently monitor their comprehension (Cain et al., 2004; Garner, 1980; Garner & 

Taylor, 1982; Paris & Myers, 1981; Markman, 1979). Comprehension monitoring is found to be 

a challenging for students, especially for young readers (Garner & Taylor, 1982; Markman, 

1977) with limited information processing capabilities (e.g., Ruffman, 1996) and under-

developed metacognitive skills (Gombert, 1992; Kinnunen & Vauras, 2010). This 

underperformance has also been suggested to be due to different reasons, such as not properly 

engaging in creating a richly elaborated situation model (Rubman & Waters, 2000; van der 
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Schoot et al., 2012) or not regulating comprehension using appropriate repair strategies (Connor 

et al., 2015; Garner & Reis, 1981).  

Comprehension monitoring can occur at different linguistic levels, as readers may 

encounter various types of inconsistencies, for example unfamiliar vocabulary, information that 

is inconsistent within the passage, and information that contradicts general knowledge. Each of 

these inconsistencies necessitates a different standard of evaluation: lexical, external consistency, 

and internal consistency, respectively (Baker, 1984). These different standards require different 

levels of cognitive processes and differ in their ease of use (e.g., Stahl, 1986; Oakhill et al., 

2005). Therefore, it is critical to examine comprehension monitoring skills when confronted with 

different types of inconsistencies. While comprehension monitoring has been studied for many 

years and has been a target when aiming to improve children’s comprehension, its underlying 

processes are not yet fully understood (Vorstius et al., 2013). Therefore, investigating how 

students’ individual differences may be related to and contribute to comprehension monitoring 

and aiming to help students improve on this skill via research-based intervention are important 

goals to help students advance their reading comprehension proficiency. 

Assessment of Comprehension Monitoring 

Traditionally, comprehension monitoring has been assessed using error-detection tasks – 

examining participants’ reactions while they read passages with embedded errors. In many of 

these studies, participants were prompted to read aloud or to describe any errors that they 

encountered after they read (e.g., Baker, 1979; Danner, 1976; Markman, 1977; 1979; Winograd 

& Johston, 1982). However, this traditional method tends to provide distractions from a 

secondary task, such as reading aloud or other-imposed attention channeling processes, such as 

explicit error detection (Kinnunen & Vauras, 2010). These distractions may interfere with the 
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automatic and natural comprehension processes, particularly when they are unconscious or semi-

conscious, not allowing for accurate assessment of this skill. Similarly, self-reports may be 

imprecise due to the metacognitive nature of this skill, and may only provide us with post-hoc 

evaluations. Therefore, assessing comprehension monitoring requires methodology that would 

allow for tracing readers’ typical reading processes that are not necessarily fully conscious acts 

or yet completely developed but are more automatic. 

It has been suggested that the methods used to examine comprehension monitoring must 

meet most the following requirements: reading should be in a situation where the task is to read 

for comprehension, rather than searching for error or comprehension obstacles, evaluation and 

regulation of comprehension should be measured to demonstrate forms, intensity, and 

developmental levels of monitoring, tasks should provoke monitoring acts at different levels of 

text processing, and the method should offer the potential of tracking developmental changes or 

contextual effects both in the level of monitoring and text processing (Kinnunen et al., 1998; 

Kinnunen & Vauras; 1995, 2010). A method fulfilling these requirements allows for examining 

readers’ typical reading processes, even when these processes are unconscious or semi-

conscious, without additional distractions. To this end, many researchers have utilized eye-

movement methodology to investigate reading behaviors (e.g., Rayner, 1998). To examine 

comprehension monitoring processes utilizing eye-movement methodology, recent studies have 

measured the amount of time readers spend viewing embedded inconsistencies in passages (e.g., 

Connor et al., 2015; Joseph et al., 2020; Kim et al., 2018; Vorstius et al., 2013). When evaluating 

comprehension monitoring concurrent to reading (i.e., via eye-movement methodology), this 

skill may be referred to as online comprehension monitoring, as metacognitive experiences are 

what one experiences online, during a cognitive task. The three studies in this dissertation aim to 
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examine online comprehension monitoring for third through fifth grade students using eye-

movement methodology. 

Dissertation Aims 

It is especially important to better understand reading comprehension processes during 

middle childhood, as it is an important period for its development and students start to read to 

learn from complex texts (Chall, 1967). During this age-range, students have generally 

developed appropriate word reading skills and are developing the cognitive and metacognitive 

resources to focus on comprehension (Del Giudice, 2014; Perfetti, 1985; Perfetti & Lesgold, 

1979). Therefore, it is crucial to further investigate comprehension monitoring, its relations to 

individual differences, and to design interventions targeting this skill, which in return could 

potentially benefit general reading comprehension skills in elementary school aged children.  

To this end, this three-study dissertation approaches reading comprehension from a 

developmental cognitive view and aims to further examine comprehension monitoring, for a 

sample of students in third through fifth grade. This dissertation aims to address the existing gaps 

in the literature regarding comprehension monitoring, its assessment, its relation with individual 

differences, and the effects of an interactive e-book on its development in children. This 

dissertation has three specific and interrelated goals: (1) to examine students’ comprehension 

monitoring via eye-movement methodology and its relations with reading comprehension and 

vocabulary knowledge, (2) to examine the relations between students’ behavioral ratings of 

inattention, hyperactivity/impulsivity and their comprehension monitoring skills, and (3) to 

examine the effects of a newly developed e-book on development of online comprehension 

monitoring in students. 
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Study 1: The Relations Between Children’ Online Comprehension Monitoring and their 

Reading Comprehension and Vocabulary Knowledge: An Eye-Movement Study 

Study 1 aims to examine how third through fifth grade students’ comprehension 

monitoring skills, comprehension evaluation and regulation, may be related to their general 

vocabulary and reading comprehension skills assessed by standardized measures. This study 

examines students’ comprehension monitoring skills at the word-level (lexical inconsistency) 

using a newly developed eye-movement task and at the sentence-level (internal inconsistency) 

utilizing a pre-existing task (Connor et al., 2015). Eye-movement approaches have been used to 

measure the amount of time readers spend reading (gaze duration) and rereading (rereading time) 

the target inconsistent words embedded in passages, compared to consistent words. These 

inconsistent words are designed to cause breakdowns in comprehension and trigger the need to 

monitor understanding, similar to traditional error-detection tasks. These two eye-movement 

parameters are found to be a reliable estimate of the two aspects of comprehension monitoring, 

such that a longer gaze duration and a longer rereading time suggests detecting the inconsistency 

and an attempt to regulate comprehension (e.g., Connor et al., 2015). Due to the developmentally 

sensitive nature of metacognition and comprehension monitoring, this study also aimed to 

investigate whether third through fifth grade students differ in their comprehension monitoring 

skills, after controlling for their differences in vocabulary knowledge and reading 

comprehension. Thus, the findings of this study will demonstrate whether the newly developed 

eye-movement task (Word vs. Non-word task) may be a reliable measure of word-level 

comprehension evaluation and regulation. Moreover, this study will further elucidate the 

relations between vocabulary knowledge, reading comprehension, and comprehension 

monitoring at the word- and sentence-level, and whether there are any grade level differences. 
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With eye-tracking technology becoming more accessible, these eye-movement tasks may be 

useful in assessing students’ reading processes and in allowing us to better understand at what 

level of comprehension monitoring they may be struggling. 

Study 2: The Relations Between Children’s Behavioral Ratings of Inattention and 

Hyperactivity/Impulsivity and Their Online Comprehension Monitoring 

Study 2 aims to examine how third through fifth grade students’ behavioral ratings of 

inattention and hyperactivity/impulsivity may be related to their online comprehension 

monitoring skills. Previous studies have identified several reasons as to why comprehension 

monitoring is found to be challenging for children and how different individual differences may 

be related to comprehension monitoring. However, studies examining individual differences in 

inattention and hyperactivity/impulsivity are limited and they mostly utilize traditional error-

detection assessments, or examine students who have been clinically diagnosed with Attention 

Deficit/Hyperactivity Disorder (ADHD). This study examines these behaviors in the typically 

developing children and utilizes two different eye-movement tasks and eye-movement 

parameters (similar to study 1) to help better understand how these individual differences may be 

related to comprehension evaluation and regulation, at the word- and sentence-level.  

The results of this study will allow for better understanding how individual differences 

may be related to comprehension monitoring. Investigating the continuum of these symptoms 

may have important implications in literacy instruction, especially for children with mild 

difficulties which may go unnoticed but may still be at risk of poor reading outcomes. 

Study 3: Effects of The Word Knowledge E-Book Intervention on Children’s Word 

Knowledge, Comprehension Monitoring, and Eye-Movements 
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Study 3 aims to examine the effects of reading an interactive e-book on third through 

fifth grade students’ online comprehension monitoring, assessed using the same eye-movement 

tasks as in Study 1 and 2. The Word Knowledge e-Book (WKe-Book; Connor et al., 2019) was 

recently designed to help students develop reading comprehension skills through fostering 

different skills. In a previous randomized controlled trial with third through fifth grade students, 

Connor and colleagues (2019) found that participating in the WKe-Book intervention had 

significant positive effects on students’ word knowledge, word knowledge calibration, and repair 

strategy use, which predicted their performance on standardized vocabulary and reading 

comprehension assessments. However, the effects of this intervention on students’ 

comprehension monitoring necessitates further investigation. To this end, utilizing a randomized 

controlled trial, Study 3 firstly aimed to replicate the findings of the previous study by examining 

the impact of participating in the WKe-Book intervention for a different sample of third through 

fifth grade students on their word knowledge, word knowledge calibration, and strategy use. 

Secondly, this study investigated the extent to which students’ online comprehension monitoring 

skills may be impacted after participating in the WKe-Book intervention. The results of this 

study will help further elucidate whether the affordances of technology may be utilized, in 

addition to classroom instruction, to foster metacognitive processes of reading comprehension. 

With the rise of interactive e-books and their ability to individualize instruction, these findings 

may serve a crucial role in informing future development and designs of technology-based 

interventions. 
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CHAPTER 2: Study 1  

The Relations Between Children’s Comprehension Monitoring and Their 

Reading Comprehension and Vocabulary Knowledge: An Eye-Movement 

Study 

Reading for understanding goes beyond the fundamental aspects of reading, such as word 

decoding and reading fluency (Ehri, 2014). According to a cognitive view, the processes 

underlying reading comprehension may be structured into two categories of lower level and 

higher level processes (Kendeou et al., 2014). As suggested by this view, the lower level 

processes consist of creating meaningful units of language from written codes, which depend on 

word decoding (Ehri, 2014), reading fluency (Fuchs, Fuchs, Hosp, & Jenkins, 2001), and 

vocabulary knowledge (Quinn et al., 2015; Nagy et al., 1985). The higher level processes 

(component skills of comprehension) consist of inference making, executive functioning and 

attention-allocation abilities, such as comprehension monitoring (Connor et al., 2015; Cain et al., 

2001; Oakhill et al., 2005). These skills enable the reader to focus on relevant aspects of the text, 

while making simple inferences, drawing conclusions, and making judgments and connecting 

parts of the text. Both lower and higher level processes develop early and before formal 

instruction of reading, as these same skills are needed for oral language comprehension (Kim, 

2017; Storch & Whitehurst, 2002). However, research findings indicate that these skills may 

predict reading comprehension abilities at a later age, independently (Kendeou et al., 2009). This 

suggests the importance of studying the different aspects of comprehension processes, to better 

understand why students might succeed or fail at reading comprehension.  

Previous studies have found that many students struggling with reading comprehension 

have ineffective comprehension monitoring skills, the ability to evaluate and regulate one’s own 
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comprehension (e.g., Cain et al., 2004; Rapp & van den Broek, 2005). However, assessing this 

construct using written assessments in young children can be difficult due to the metacognitive 

nature of comprehension monitoring, and because this skill may not be fully conscious or 

completely developed in children (Kinnunen & Vauras, 2010; Rayner et al., 2006). Moreover, 

using traditional methods to measure this skill, such as asking students to read and to think aloud, 

may interfere with automatic and natural reading and comprehension monitoring (Kinnunen & 

Vauras, 2010). Therefore, eye-movement methods allow for examining students’ comprehension 

monitoring, without interfering with this partially unconscious process. To this end, using eye-

movement technology, this study aims to examine students’ variability in comprehension 

monitoring and how this skill may be related to reading comprehension and vocabulary 

knowledge during middle childhood as metacognition and other higher order processes are 

becoming more developed (Del Giudice, 2014).  

Comprehension Monitoring 

Comprehension monitoring is generally strongly related to effective reading 

comprehension and is found to explain unique variance in reading comprehension ability, when 

controlling for word reading and vocabulary skills (Cain et al., 2004). Although cognitive and 

educational psychologists may refer to the process of comprehension monitoring using different 

terms such as meta-memory of text, calibration of comprehension, meta-comprehension, or self-

regulated comprehension (Hacker, 1998), this metacognitive skill is commonly viewed as 

processing that involves evaluation and regulation of comprehension while reading. The ongoing 

evaluation process informs the reader whether or not comprehension is occurring when reading. 

Once an inconsistency or misunderstanding is noticed, the reader may take steps to resolve the 

problem to establish consistency and regulate comprehension. More recently, researchers have 
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similarly defined comprehension monitoring as the conscious and unconscious strategies used to 

(1) evaluate comprehension and identify inconsistencies that might occur during text reading and 

(2) regulate comprehension or repair the misunderstandings and facilitate reading (Cain et al., 

2004; Connor et al., 2015). Therefore, it is crucial not to refer to comprehension monitoring as a 

unitary skill at which a reader is either effective or ineffective. A student may be capable of 

evaluating his/her comprehension, but he/she may be poor at regulating it (Baker, 1984).  

Inconsistencies in text that may lead to comprehension breakdowns and necessitate the 

reader to employ repair strategies to regulate comprehension may be caused by different types of 

obstacles, such as scrambled or contradictory sentences, or information that conflict with the 

reader’s existing knowledge such as unfamiliar words (Cain et al., 2004). Therefore, 

comprehension monitoring may take place at different levels of the linguistic structure including 

the word- and sentence-level (Nagy, 2007). For example, comprehension monitoring at the 

word-level is provoked when the reader becomes aware of a breakdown in comprehension after 

encountering an unfamiliar word, and at the sentence-level when the reader is confronted with 

implausibility in the global context of the text, or when the structure of the sentence is not fully 

understood. Baker (1984; 1985) suggested that the different criteria utilized for comprehension 

can be categorized into three types, each operating at different levels of text processing. These 

include lexical standards for monitoring individual words, syntactic standards for monitoring the 

syntax, and semantic standards that are used for monitoring the overall semantic representations, 

logical consistency, and construction of meaning of the text. Semantic standards are utilized for 

both external inconsistencies, where prior knowledge is violated, or when confronted with 

internal inconsistencies, where the text is inconsistent or presents contradictory information 

(Kinnunen & Vauras, 2010). These standards demand different cognitive processes and are likely 
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different in their ease of application. Therefore, it is important to distinguish between them and 

not overgeneralize failure to use one standard as having ineffective comprehension monitoring.  

Since comprehension monitoring is a metacognitive task, and therefore developmentally 

sensitive, this skill may differ for students of different ages (Gombert, 1992; Connor et al., 2015; 

Kinnunen & Vauras, 2010; Oakhill & Cain, 2012). Thus, we aimed to investigate how age might 

play a role in individual differences in comprehension monitoring. The current study uses two 

recently developed eye-tracking tasks to examine comprehension monitoring in third through 

fifth grade students when they are confronted with either a word- or sentence-level 

inconsistency, and how this metacognitive skill relates to reading comprehension ability and 

vocabulary knowledge as measured by standardized assessments. 

Eye-movement Methodology 

There is a close relation between the amount of time one spends viewing a linguistic unit 

and the mental effort needed to process it while reading. Therefore, eye-movement methods have 

been widely used to examine moment-to-moment information processing in reading (Rayner, 

1998). Newer eye-movement methods are used to examine comprehension monitoring without 

further taxing young children’s reduced metacognitive skills, as they provide precise analyses at 

the word-level, while permitting children to move their heads freely (Garrett et al., 2006; 

Kinnunen & Vauras, 2010). There are three oculomotor measures, reflecting different stages of 

word processing, that have been consistently used in reading research. These are initial fixation 

duration, gaze duration, and rereading time for a target word. Initial fixation duration is when 

the eye first views the word and it represents orthographic and pre-lexical or early lexical 

processing. Gaze duration is the summed duration of all eye fixations before the eye leaves the 

word and it reflects later stages of word reading including lexical access. Rereading time is the 
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summed duration of all fixations made after leaving the word for the first time or the time spent 

rereading previously attended words. Rereading time is known to be reflective of the post-lexical 

integration of meaning at the sentence level (Radach & Kennedy, 2004; 2013).  

Gaze duration and rereading time are found to be sensitive to inconsistencies in text, such 

that a more proficient reader spends a longer time viewing and rereading an inconsistency 

(Connor et al., 2015). Therefore, the two aspects of comprehension monitoring, detecting an 

inconsistency (or comprehension evaluation) and attempting to repair comprehension 

breakdowns (comprehension regulation), are examined by measuring the amount of time one 

spends reading (gaze duration) and rereading a target inconsistent word, respectively. A target 

inconsistent word purposely causes an error or inconsistency in the text and provokes the need 

for monitoring at different levels of text processing. For example, a target word may cause a 

word-level inconsistency when it contradicts with the readers’ vocabulary knowledge, or a 

sentence-level inconsistency when it provides logically inconsistent, contextually implausible, or 

contradictory information (Kinnunen & Vauras, 1995; 2010). Thus, a longer gaze duration and 

rereading time for target inconsistent words compared to control words might be diagnostic of 

the two aspects of comprehension monitoring (e.g., Connor et al., 2015). A longer gaze duration 

for the target word indicates that the reader detects an error and slows down, whereas a greater 

rereading time suggests an attempt to resolve the inconsistency and regulate comprehension 

(e.g., by using repair strategies), which goes beyond simply detecting them. 

To measure word-level comprehension monitoring in this study, we developed the Word 

vs. Non-word task, where a non-word (or pseudoword) is embedded within an otherwise simple 

English sentence. For measuring sentence-level monitoring, we utilized the Plausible vs. 

Implausible task previously developed by Connor and colleagues (2015), where a contextually 
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implausible word is embedded in the second sentence of a two-sentence passage. By measuring 

gaze duration and rereading time for the target words, this study examines the students’ ability to 

evaluate and regulate their comprehension, when confronted with word- and sentence-level 

inconsistencies. 

Vocabulary Knowledge 

Language and cognitive skills and processes are organized in a hierarchical structure, 

such that lower level skills such as vocabulary knowledge contribute to higher order processes of 

reading comprehension, including comprehension monitoring (Kim, 2016). In fact, research 

shows that vocabulary knowledge is found to be highly associated with reading comprehension 

ability (e.g., Carroll, 1993; Oakhill & Cain, 2012), and may explain variance in reading 

comprehension beyond traditional predictors of reading comprehension such as word recognition 

and listening comprehension (Tunmer & Chapman, 2012). 

Researchers have also examined how vocabulary knowledge may be associated with 

higher level processes. For example, previous studies have investigated the relation between 

vocabulary knowledge and inference making (e.g., Cain & Oakhill, 2014), which has been found 

to be bidirectional (Oakhill et al., 2015). However, the relation between vocabulary knowledge 

and comprehension monitoring might be different. In a longitudinal study examining the 

precursors of reading ability, Cain and Oakhill (2012) found that comprehension monitoring in 

third grade predicted vocabulary knowledge in sixth grade, whereas vocabulary knowledge did 

not predict comprehension monitoring. Moreover, Oakhill and Cain (2012) found that 

vocabulary knowledge and comprehension monitoring (at the sentence-level) may not be 

associated for seven to eight-year-old children, whereas these two skills were found to be 

correlated when the children were eight to nine and ten to eleven years of age. Although this 



 

22 
 

study did not differentiate between the two aspects of comprehension monitoring (evaluation and 

regulation) and used a written assessment to measure this skill; nonetheless, it supports the link 

between vocabulary knowledge and comprehension monitoring. To the best of our knowledge, 

the nature of the relations between vocabulary knowledge and comprehension monitoring has not 

been extensively investigated in younger students using eye-movement techniques. To this end, 

one of our aims in this study is to examine how vocabulary knowledge may be associated with 

individual differences in comprehension monitoring, above and beyond reading comprehension 

abilities.  

Individual Differences in Comprehension Monitoring and Reading Achievement 

A study examining online comprehension monitoring in beginning readers found that 

students as early as in second grade, were sensitive to sentence-level inconsistencies (i.e., an 

implausible word in a sentence), such that they spent longer fixating on and rereading the 

inconsistent compared to consistent words (Kim et al., 2018). Comprehension monitoring may 

be developmentally sensitive, such that students of different ages may differ in their ability to 

evaluate and regulate their comprehension, perhaps due to later development of metacognition 

and metalinguistic awareness (Gombert, 1992; Kinnunen & Vauras, 2010). A recent longitudinal 

study found that both aspects of comprehension monitoring improved in the span of eight months 

for fifth grade students, but only for those with stronger literacy and academic language skills 

(Connor et al., 2015). Moreover, it is proposed that the evaluation aspect of comprehension may 

improve with age due to the development of information processing abilities (Baker, 1984).  

Other individual differences are also found to be related to comprehension monitoring 

performance, and uniquely to each aspect of this skill. Regarding comprehension evaluation, 

previous studies have suggested contradictory claims. Rubman and Waters (2000) discussed that 
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detecting sentence-level inconsistencies requires the ability to construct a coherent representation 

of the text. Similarly, Ehrlich (1996) discovered that less skilled comprehenders were found to be 

weaker in self-evaluating their comprehension and detecting inconsistencies in text, as they 

overestimated their understanding due to being unaware of their deficiencies. However, 

contradictory to these claims, Cain and colleagues (2004) discussed that comprehension 

evaluation or error detection can be done through comparison of statements and may not require 

the reader to engage in higher-level processes of comprehension, and therefore may not be 

dependent on the reader’s literacy skills. Similarly, Connor and colleagues (2015) found that, on 

average, all the fifth-grade students in their study reacted to sentence-level inconsistencies in text 

by slowing down their reading regardless of their literacy or academic language skills. In other 

words, the findings of this study suggested that students with stronger literacy skills were not any 

more likely to identify inconsistencies and slow down their reading, compared to those with 

weaker literacy skills. The results of these studies indicate that detecting inconsistencies in text is 

likely to be automatic and independent of the reader’s higher-level literacy skills, especially for 

older students. For this reason, this study aims to further investigate how students’ reading 

comprehension ability and vocabulary knowledge may play a role in detecting word-level and 

sentence-level inconsistencies in text while considering students’ grade level.    

After detection of an error, regulating comprehension requires knowledge of repair 

strategies. According to previous research, comprehension regulation is suggested to be 

dependent on the readers’ individual differences in language achievement. In a study with fifth 

grade students, Connor and colleagues (2015), elucidated that students’ academic language 

predicts the likelihood that they will repair their misunderstandings. In other words, those 

students with stronger academic language were found to spend more time rereading and 
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attempting to repair breakdowns in comprehension. However, the same study suggested that 

students’ literacy (a construct of reading comprehension, vocabulary, and word reading) did not 

predict greater rereading time indicating that these skill sets may not be related to individual 

differences in comprehension monitoring. In contrast, other researchers have found that 

comprehension monitoring may explain unique variance in reading comprehension ability 

beyond student’ word reading and vocabulary skills (Cain et al., 2004). Therefore, further 

research is necessary to investigate how comprehension regulation may be associated with 

reading comprehension and vocabulary knowledge. 

Current Study 

The current study examines the relation between comprehension evaluation and 

regulation and students’ reading comprehension and vocabulary knowledge during middle 

childhood – third, fourth and fifth grade. We studied how students’ individual differences in 

reading comprehension and vocabulary knowledge may be related to their comprehension 

monitoring skills, when confronted with either word- or sentence-level inconsistencies in text, 

during this crucial time in reading comprehension development. During middle childhood, 

children have generally achieved reasonably fluent word-reading skills and have the cognitive 

resources available to focus on comprehending (Perfetti, 1985; Perfetti & Lesgold, 1979). Using 

eye-tracking technology, students’ gaze duration and rereading time for the target words were 

measured to examine their comprehension evaluation and regulation, respectively. Furthermore, 

since comprehension monitoring processes are found to be developmentally sensitive, this study 

examined how students in third, fourth, and fifth grade may differ in their abilities to evaluate 

and regulate their comprehension.  
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The following are the specific research questions guiding the current study: (1) Are 

students sensitive to the word- and sentence-level inconsistencies, such that they spend a longer 

time reading and rereading the target inconsistent words compared to the control words? (2) Is 

students’ reading comprehension ability associated with comprehension evaluation or regulation 

when confronted with word- or sentence-level inconsistencies? (3) Is students’ vocabulary 

knowledge associated with comprehension evaluation or regulation when confronted with word- 

or sentence-level inconsistencies? (4) When controlling for students’ reading comprehension 

ability and vocabulary knowledge, do students in third through fifth grade differ in their 

comprehension monitoring skills? We conjectured that all students would be generally sensitive 

to the target inconsistent words and would view these words longer than control words (i.e., have 

longer gaze durations). However, we hypothesized that students who either (a) had stronger 

reading comprehension ability or vocabulary knowledge and/or (b) were older would be more 

likely to regulate their comprehension and thus have longer rereading times for the target 

inconsistent words. 

Methods 

Participants 

Of the potential 129 children eligible for this study, three parents declined to provide 

consent for their child to participate. Of the remaining students for whom we had consent, two 

left the district, and one was unable to complete the tasks primarily due to weak decoding skills. 

This provided a total sample of 123 students. The 123 students (M age = 9.80 years, SD = 0.9, 

range = 8.17-12.17 years) who participated in this study attended a charter elementary school 

located in Arizona. The participants were from two third-grade classrooms (n= 48), two fourth-

grade classrooms (n= 42), and two fifth-grade classes (n= 33). This sample consisted of 58% 
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White, 15% African American, and 15% Hispanic students, with the remaining belonging to 

other ethnicities. Fifty-nine percent of the participants were girls. Overall, students scored at 

approximately the 44th percentile on the standardized reading comprehension, and at the 52nd 

percentile on the vocabulary knowledge assessment.  

Measures and Procedures 

Students were assessed on their comprehension monitoring and reading achievement in 

winter of the 2015-2016 academic year. The procedures for each measure are described below.  

Comprehension Monitoring Assessment 

Comprehension evaluation and regulation were examined using eye-movement tasks by 

measuring gaze duration and rereading time for target words, respectively.  

Procedures. Students were assessed using the eye-movement tasks individually. Before 

starting the tasks, students were instructed to read the sentences on the computer screen for 

understanding and answer the occasional reading comprehension questions to the best of their 

ability. The experimenter explained that the tasks were self-paced and students were to proceed 

to the next item by making a mouse click. Participants were also asked to keep their physical 

movements to a minimum to assure that eye-tracker recorded their eye-movements. The 

participants were seated 66-72 cm from the screen. Before starting students performed the 

calibration process, which required following a moving dot on the display monitor with their 

eyes. Throughout the assessment, the experimenter assured that each child was engaged and 

carefully reading; otherwise, the child was encouraged to continue as instructed. 

Eye-movement Tasks Materials. The eye movement trials consisted of 2 different tasks 

– 20 items each – for a total of 40 items. The first task, Word vs. Non-word, is researcher-

developed and aims to assess comprehension monitoring at the word-level. The second task, 
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Plausible vs. Implausible, is a replication from a previous eye-movement study conducted with 

fifth grade students (Connor et al., 2015) to assess sentence-level monitoring. Two alternate 

“mirror image” forms of the tasks were developed, such that the corresponding control item of a 

target inconsistent word appeared in the other form. Both forms consisted of 10 control and 10 

target items from each task. Sixty-seven participants were randomly assessed using Form A and 

the remaining 56 were given Form B. The list of stimuli is in Appendix 1.1. 

Word vs. Non-word Task. This task was composed of 20 simple sentences (18 

declarative, one exclamatory, and one interrogative). The control version of the sentence (or the 

word version of the sentence) made a simple statement (e.g., Rosita climbed the mountain in the 

morning), including a target word expected to be common knowledge for students. A foil version 

of the sentence contained a non-word in the target position (e.g., Rosita climbed the floggorn in 

the morning). Words and non-words were matched exactly on number of letters (M = 5.95 

letters, range = 3-9 letters) and morphemes (M = 1.25 morphemes, range = 1-2 morphemes). 

When developing the non-words, we assured that the letter patterns and the orthographic 

structures of letter-strings in the non-words were not different than the control words, as this 

could influence the students’ word processing. This was done by examining the bigram 

frequency for each target word, the frequency with which adjacent pairs of letters (bigrams) 

occur in text (Rice & Robinson, 1975). The mean bigram frequency of words and non-words 

were calculated using WordGen software and were not significantly different t (38) = 1.72, p = 

0.093 (Duyck, Desmet, Verbeke, & Brysbaert, 2004). In 10 sentences target words served as 

nouns, in 4 sentences they were adjectives, in 5 sentences they were verbs, and in one sentence it 

was an interjection (i.e., zop!). Items were counterbalanced in terms of position within the 

sentence. The purpose of this task was to control for any prior vocabulary knowledge. Regardless 
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of their literacy skills, the non-words acted as unfamiliar words for all participants, causing a 

word-level inconsistency.  

Plausible vs. Implausible Task. This task is composed of 20 pairs of simple declarative 

sentences, with each stimulus consisting of 2 sentences. The first sentence sets up a scenario 

involving an event or action (e.g., Every day Rover barked at the passing animals on the street.), 

which is then explained further in the second sentence. The second sentence of each item 

contained either a plausible (e.g., He was the most alert puppy in the neighborhood) or an 

implausible target word (e.g., He was the most alert kitten in the neighborhood). This task was 

originally developed and used in a previous study, where all stimuli were matched on word 

length, number of syllables, and morphological complexity (See Connor et al., 2015 for further 

details). 

Check-point Questions. Throughout the eye-movement assessment, 20 items were 

randomly followed by a short and simple multiple-choice comprehension question. For example, 

the item “My cat is big and orange”, was followed by the question “What color is my cat?” with 

four different choices. The purpose of this section was to assure that students were reading for 

understanding and not clicking through the assessment mindlessly. These were inserted in 

between stimuli in a random order for the two forms. 

Apparatus. Text stimuli were displayed one at a time written in black text and Courier 

New 28-point font, on a light gray background, using a 17-in Tobii T-120 eye-tracker monitor 

with a display resolution of 1280 x 768 pixels and a data rate of 120 Hz. Prior to starting the task, 

a 5-point calibration was performed at a medium calibration speed. The distance between the 

participant’s eyes and the monitor was 66-72 cm, while the eye-tracker recorded movements 

from both eyes, with the average binocular tracking enabled. No chin or forehead rest was used 
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and the apparatus enabled participants to behave naturally with freedom of head movements 

throughout the trials. Data was recoded and analyzed using Tobii Studio software version 

3.3.2.1150, and the default Tobii I-VT fixation filter, with a window length of 20 milliseconds, a 

velocity threshold of 30 degrees/second, a minimum fixation duration of 60 milliseconds (to 

discard fixations shorter than 60 milliseconds), and a maximum time between fixations of 75 

milliseconds with a 0.5 maximum angle between fixations (to merge adjacent fixations). 

Reading Comprehension and Vocabulary Knowledge 

Students’ reading comprehension and vocabulary knowledge were assessed using the 

Gates-MacGinitie Reading Test, Fourth Edition (MacGinitie, MacGinitie, Maria, & Dreyer, 

2002). The grade-appropriate assessments were group administered in the students’ classrooms. 

The reading comprehension subtest requires students to read various passages and to answer 

multiple choice comprehension questions pertaining to the passage. The reading vocabulary 

subtest includes sentences with target words and students are asked to identify the correct 

definition of the target word among four choices. For our analyses, we used the Extended Scale 

Score (ESS), with a mean of 500 and a standard deviation of 15. The published reliability for this 

test is 0.96.  

Analytic Strategy 

To answer our first research question, students’ sensitivity to word- and sentence-level 

inconsistencies, we conducted t-tests. For the remaining research questions, due to the nesting of 

item within student, Hierarchical Linear Modeling (HLM) was used to control for the nested 

nature of the data. This method allowed for correctly estimating the standard errors by 

considering the shared variance among the items nested in students. A separate set of HLM 

models were utilized to examine the relation between each aspect of comprehension monitoring 
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and reading comprehension and vocabulary. The 2-level HLM models consisted of item-level 

measures for each of the tasks including item type, and either gaze duration or rereading time (in 

milliseconds) as the outcome variable in the level-1 data. Child-level variables, reading 

comprehension, vocabulary scores, and grade level (as a measure of students’ age) were entered 

at level 2. For all models, residuals were tested to be normally distributed with means of zero. 

All models were analyzed with restricted maximum likelihood and fixed effects for each model 

are reported with robust standard errors.  

Reading Comprehension Models 

Ymj represents the outcome variable, either gaze duration or rereading time (milliseconds) 

for item m for child j, as a function of grade level, comprehension score, vocabulary knowledge 

score, item type (0= control, 1= target word), and the interaction between reading comprehension 

and item type (γ11), as well as the residual (see Equation 1). Therefore, the coefficient γ11, or the 

interaction term of reading comprehension and item type will answer our research question as to 

how reading comprehension is associated with the amount of time spent reading or rereading the 

target words in each task, when controlling for vocabulary and grade level.     

Ymj = γ00 + γ01*(Grade level)j + γ02*(Comprehension)j + γ03*( Vocabulary )j          

+ γ10*(item type)mj + γ11(Comprehension)j (Item type) mj + u0j + emj   (1) 

Vocabulary Knowledge Models 

Similar to the previous model, the coefficient γ11, or the interaction term of vocabulary 

knowledge and item type will answer our research question as to how vocabulary is associated 

with the amount of time spent reading or rereading the target words, when controlling for 

comprehension and grade level (see Equation 2). 
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Ymj = γ00 + γ01*(Grade level)j + γ02*(Comprehension)j + γ03*( Vocabulary )j          

+ γ10*(item type)mj + γ11(Vocabulary)j (Item type) mj + u0j + emj   (2) 

Grade Level Models  

To examine how students in third through fifth grade may differ in their comprehension 

monitoring skills, after controlling for their vocabulary and reading comprehension, a dummy 

variable for each of the 3 grade levels was made and entered at the child level. Fourth grade was 

first left out to be the reference group for comparison. Here, the coefficient γ11 will tell us how 

different third graders may be in processing the target words compared to fourth graders, and γ12 

will allow us to compare fifth graders to fourth graders (see Equation 3). In order to further 

examine grade level differences, third grade was then set to be the reference group in another 

HLM model.    

  Ymj= γ00 + γ01*(Comprehension) j + γ02*(Vocabulary) j + γ03*(Third grade) j          

+ γ04*(Fifth grade)j + γ10*(Item type)mj + γ11*(Third grade)j*(Item type)mj  

+ γ12*(Fifth grade)j*(Item type)mj + u0j+ emj      (3) 

Data Analysis 

For each of the two tasks, a total of 2460 data points for gaze duration and rereading time 

was collected from the participants. If the student did not view a target word or the eye-

movement behavior was not recorded, the gaze duration or rereading time was registered as zero 

milliseconds. Following the methodology used by Kim and colleagues (2018), gaze durations or 

rereading times longer than 2,000 milliseconds were considered outliers and were excluded from 

data analyses. For the Word vs. Non-word task, approximately 1.50% of the gaze duration data, 

and approximately 2.80% rereading time data were excluded. For the Plausible vs. Implausible 

task, approximately 0.53% of the gaze duration and 0.69% of the rereading time data were 
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excluded. To this end, for the Word vs. Non-word task, analyses for gaze duration was based a 

total of 2423 cases and 2391 cases for rereading time. For the Plausible vs. Implausible task, 

analysis for gaze duration was based on a total of 2447 cases and 2443 cases for rereading time. 

See Table 1.1 for descriptive statistics. 

Results 

The associations between comprehension evaluation, comprehension regulation, reading 

comprehension, and vocabulary knowledge were analyzed using HLM. Descriptive statistics are 

provided in Table 1.1, and correlations between gaze duration and rereading time in each of the 

two eye-movement tasks are provided in Table 1.2. Students’ reading comprehension and 

vocabulary knowledge scores were found to be significantly correlated (r = .75, p <.001). 

Students in our sample demonstrated a wide range of reading skills. Students achieved Gates-

MacGinitie Reading Comprehension and Reading Vocabulary percentile rank scores between the 

1st and 99th (with the expected mean of 50th percentile). On average, students scored at 

approximately the 44th percentile on the reading comprehension subtest, and at the 52nd 

percentile on the vocabulary assessment. 

Due to the complexity of this data, we would like to reiterate our hypotheses before going 

into the results. We expected main effects of gaze duration and rereading time such that readers 

read and reread non-words and implausible words longer than the control words, respectively. 

We also expected to find that students with stronger reading comprehension and vocabulary 

would reread inconsistent target words in both tasks longer compared to their peers with lower 

comprehension and vocabulary skills. Finally, we expected to see that older students reread 

inconsistent target words longer than younger students. 
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Research Question 1: Sensitivity to Word- and Sentence-Level Inconsistencies 

The analysis for the Word vs. Non-word task demonstrated that on average, both gaze 

duration and rereading time for non-words were significantly longer compared to the control 

words, as hypothesized. Gaze duration for non-words was 107.99 milliseconds longer; t (2421) = 

8.36, p < .001, and rereading time was 179.35 milliseconds longer, t (2389) = 11.43, p < .001, 

compared to that of the control words (see Figure 1.1 top). Contrary to our expectations, for the 

Plausible vs. Implausible task, gaze duration was not significantly different for implausible 

words compared to plausible words, t (2445) = 0.39, p = .520, whereas, rereading time for 

implausible words was significantly longer by 33.35 milliseconds as expected, t (2441) = 3.86, p 

< .001, compared to that of control plausible words, on average (See Figure 1.1 bottom). 

Research Question 2: Reading Comprehension Models 

The nature of the relation between reading comprehension ability and comprehension 

evaluation and regulation, when confronted with a word- or sentence- level inconsistency, 

controlling for students’ vocabulary knowledge and grade level was examined. We present the 

results by task.  

Word vs. Non-word Task 

The analysis for this task showed no significant interaction between reading 

comprehension and gaze duration of non-words, γ = .18, p = .50, such that students did not differ 

in their gaze duration for non-words according to their reading comprehension skills, as expected 

and in line with the findings of Connor et al. (2015). However, as we expected, the results 

showed a significant interaction between reading comprehension and rereading time for non-

words, γ = .92, p = .02 (See Tables 1.3 and 1.4). This demonstrates that students with stronger 
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reading comprehension skills spent more time rereading the non-words compared to their peers 

with lower reading comprehension skills (See Figure 1.2 top). There was no significant 

association between reading comprehension ability and reading or rereading of the control 

words, γ = -0.17, p = .67 and γ = .10, p = .77, respectively. 

Plausible vs. Implausible Task 

Analysis for students’ gaze duration for this task revealed that students did not spend 

significantly different amounts of time processing the implausible words, compared to the 

plausible words, contrary to our expectation, γ = .53, p = .13 (see Table 1.3). However, as we 

expected, analysis for rereading time revealed a significant relation between reading 

comprehension and rereading the implausible words, γ = .57, p = .001, such that stronger 

comprehenders generally spent more time rereading the implausible words, compared to their 

peers (see Table 1.4 and Figure 1.2 bottom). There was no significant relation between reading 

comprehension and reading or rereading the control plausible words, γ = -0.45, p = .21, and γ = 

.02, p = .91, respectively (See Tables 1.3 and 1.4). 

Research Question 3: Vocabulary Models 

Word vs. Non-word Task 

There was a significant interaction between vocabulary knowledge and both gaze 

duration and rereading time of non-words, γ = .57, p = .04, and γ = 1.28, p = .001 (see Table 1.5 

and 1.6 and Figure 1.3 and 1.4 top). This means that students with stronger vocabulary 

knowledge generally spent more time reading and rereading the non-words, compared to their 

peers with lower vocabulary. There was no significant relation between vocabulary knowledge 

and reading or rereading the control words, γ = -0.43, p = .39, and γ = -0.69, p = .09, 

respectively (See Tables 1.5 and 1.6). 
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Plausible vs. Implausible Task 

While our results showed that overall students’ gaze duration did not differ for plausible 

and implausible words, there was a significant interaction between vocabulary knowledge and 

gaze duration for plausible words, γ = -0.97, p = .03, as well as for implausible words, γ = .93, p 

= .003 (See Table 1.5 and Figure 1.3 bottom). More specifically, students with stronger 

vocabulary knowledge were found to have shorter gaze durations for plausible words, and longer 

gaze durations for implausible words, compared to their peers. Similarly, the results for rereading 

time revealed that vocabulary knowledge was reversely associated with rereading the plausible 

words and positively related to rereading the implausible words, γ = -0.50, p = .02, and γ = .53, p 

= .01, respectively (See Table 1.6 and Figure 1.4 bottom). In other words, as we expected, those 

with stronger vocabulary knowledge generally had lower rereading time for the plausible words, 

whereas they spent more time rereading the implausible words, when controlling for students’ 

reading comprehension and grade level. 

Research Question 4: Grade Level 

The nature of relation between students’ grade level in school with their ability to 

evaluate and regulate comprehension, controlling for their reading comprehension and 

vocabulary, was examined in each eye-movement task. We present the results below.  

Word vs. Non-word Task 

There was no significant interaction between students’ grade level and gaze duration for 

non-words vs. real words, suggesting that the third through fifth grade students did not 

significantly differ in the extent to which they viewed the non-words compared to the real words. 

In all cases, gaze duration was longer for non-words than words.  
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When we examined differences in rereading time for words vs. non-words, we found a 

significant effect of grade (see Table 1.7 and Figure 1.5 top). Overall, the difference between 

words and non-words was smaller for third graders than for fourth and fifth graders – that is, for 

third graders, rereading time was longer for words and shorter for non-words than it was for 

fourth and fifth graders (see Table 1.7 and Figure 1.5 top). Fourth and fifth graders both 

demonstrated a large and significant difference between rereading times for words and non-

words.  

Plausible vs. Implausible Task 

As with the Word vs. Non-word task, students did not differ by grade in the difference 

between plausible vs. implausible words for gaze duration, whereas they differed by grade in 

their rereading times differences for plausible words vs. implausible words (see Table 1.8 and 

Figure 1.5 bottom). For third graders, there was no significant difference between plausible vs. 

implausible rereading times. There was a significant difference between plausible and 

implausible words for both fourth and fifth graders, which was significantly greater than the non-

significant difference observed for third graders. Fifth graders spent less time rereading plausible 

words than did fourth graders, creating a larger difference between plausible and implausible 

rereading times for the oldest children in our sample. 

Discussion 

This study examined how students in third through fifth grade may differ in their 

comprehension monitoring skills at the word- and sentence-level, and how these skills may be 

associated with their general reading comprehension, vocabulary knowledge, and age/grade 

level. Our hypotheses were supported but only to some extent. We hypothesized that gaze 

duration, the amount of time spent reading a word for the first time, would be longer for 
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inconsistent target words, as compared to control words, when students were presented with 

word-level inconsistencies (as tested by the Word vs. Non-word task) and with sentence-level 

inconsistencies (as tested by the Plausible vs. Implausible task). This would indicate an 

inconsistency has been identified. Furthermore, we hypothesized that students would attempt to 

repair the breakdown in comprehension caused by these inconsistencies by spending more time 

rereading the target inconsistent words, as compared to the control words, in both tasks. Finally, 

we hypothesized that longer rereading time, but not necessarily longer gaze durations, would be 

positively associated with higher baseline reading comprehension and vocabulary scores, and 

with grade level. That is, students with stronger reading comprehension and vocabulary skills 

and older students would be more likely to attempt to repair breakdowns in comprehension. 

Overall, our results found evidence of comprehension monitoring among third through fifth 

graders. However, this varied by students’ age/grade level and their reading comprehension and 

vocabulary skills. Again, we examined the two aspects of comprehension monitoring: detecting 

an incongruity using gaze duration, and working to repair the misunderstanding using rereading 

time, at both the word-level (Word vs. Non-word) and the sentence-level (Plausible vs. 

Implausible).  

Word-level Comprehension Monitoring 

When examining gaze duration and rereading time for the Word vs. Non-word task, the 

results suggested that, on average, all students were found to be sensitive to the word-level 

inconsistencies, such that they spent a longer time reading the non-words than the control real 

words. Additionally, we found evidence of attempts to repair comprehension inasmuch as 

rereading times were longer for the non-words compared to the real words (see Figure 1.1 top). 

Considering that non-words were unfamiliar to the students, it is not surprising that they were 
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easier to detect and students were more likely to take a longer time processing them compared to 

the control words. It is also encouraging that they worked to repair their comprehension 

breakdown caused by these inconsistencies by rereading them. Whereas reading comprehension 

was not significantly associated with gaze duration for non-words, the effect did vary depending 

on students’ vocabulary knowledge even after controlling for grade level and reading 

comprehension.  

All students, regardless of their reading comprehension skills, read non-words longer 

than words. This further supports the findings of Connor et al. (2015) that detection of 

inconsistencies in text does not depend on reading comprehension skills, but may be more 

automatic than previously hypothesized (Cain et al., 2004; Connor, 2013; Oakhill et al., 2005). 

However, we did find that children’s ability to detect an inconsistency at the word-level did 

depend on their vocabulary skills. This finding suggests that children with better vocabulary 

knowledge may have a better sense of what they do and do not know (i.e., word knowledge 

calibration) and are therefore better at detecting unfamiliar words. Similarly, and in line with our 

expectations, we found that stronger vocabulary knowledge and stronger reading comprehension 

was related to a higher likelihood of repairing misunderstandings (i.e., rereading) or regulating 

comprehension after a breakdown was caused by a word-level inconsistency. Students with 

stronger vocabulary knowledge, when controlling for their comprehension, and vice versa, 

generally spent longer rereading non-words compared to real words. These findings lead us to 

conclude that stronger literacy skills are critical for regulating comprehension, using repair 

strategies such as rereading. 

Importantly, although varying by grade, reading comprehension, and vocabulary, all the 

students in our sample generally detected an inconsistency when confronted with a non-word, 
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slowed down their reading, and spent more time rereading to repair their misunderstanding. This 

indicates that the newly developed Word vs. Non-word Task successfully introduced a word-

level inconsistency, caused a breakdown in students’ comprehension, which in return 

necessitated the readers to regulate their comprehension. Thus, this task may be an effective 

method to assess word-level comprehension monitoring for third through fifth graders.  

Sentence-level Comprehension Monitoring 

Our hypotheses for sentence-level comprehension monitoring were supported only 

partially. Students did not react to the sentence-level inconsistencies (implausible words) with a 

longer gaze duration compared to plausible words (see Figure 1.1 bottom), contrary to our 

expectations and the previous study using this eye-movement task (Connor et al., 2015). Connor 

and colleagues (2015) found that the fifth-grade students, regardless of their literacy skills, 

generally had a longer gaze duration for the implausible words than for plausible words. 

However, we did replicate the findings for rereading time, in that rereading time was longer for 

implausible vs. plausible words. When we examined the effect of students’ grade level (see 

Figure 1.5 bottom), we found that this was really only the case for fourth and fifth graders, who 

did spend more time rereading implausible words compared to plausible words with the greatest 

difference in fourth grade. There was no significant difference in rereading time for plausible and 

implausible words for third graders. Plus, overall, students with stronger vocabulary skills, 

controlling for grade and reading comprehension, spent longer times rereading implausible vs. 

plausible words than their peers with weaker vocabulary skills (see Figure 1.4 bottom). This does 

replicate the Connor et al. (2015) findings. Unfortunately, our sample size was too small to 

adequately power a potential three-way interaction effect of task by grade by vocabulary; 

however, the idea is worth pursuing. Overall, these findings suggest that the Plausible vs. 
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Implausible task may be useful for assessing comprehension monitoring but only for fourth and 

fifth graders. 

General Discussion 

Taking the results altogether (see Table 1.9), we found evidence of comprehension 

monitoring in all three grades for the word-level task. However, for the sentence-level task, we 

found evidence of comprehension monitoring only for fourth and fifth graders. For both tasks, 

rereading time (comprehension regulation) varied by students’ reading comprehension and 

vocabulary skills, such that students with stronger literacy skills engaged in longer rereading of 

inconsistent target words. However, for gaze duration (comprehension evaluation), we found that 

this depended only on vocabulary knowledge and not on reading comprehension. These findings 

demonstrate, for both word- and sentence-level comprehension monitoring, that comprehension 

evaluation depends more strongly on vocabulary skills while comprehension regulation depends 

on both vocabulary and comprehension skill. 

 It has been proposed that comprehension monitoring reflects the readers’ goals, such as 

the intended level of comprehension as well as ability to utilize different levels of criteria for 

effective comprehension (Kinnunen & Vauras, 2010). We conjecture that students with stronger 

reading comprehension, vocabulary knowledge, or who are older may be reading with the goal of 

understanding the gist of the text and therefore are more aware and sensitive to breakdowns in 

their comprehension at the sentence-level. The results of the Plausible vs. Implausible task 

support this hypothesis; however, we also found evidence for this sensitivity at the word-level in 

the Word vs. Non-Word task. Moreover, it may be that students with stronger reading 

comprehension, vocabulary knowledge, or who are older have a stronger ability to utilize higher 

levels of comprehension regulation and repair strategies. However, it is important to note that 
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this link may be bidirectional, such that those students with higher level comprehension 

monitoring skills (regulation at the sentence-level) are more likely to develop better reading 

comprehension and vocabulary skills. 

When we examined how students’ vocabulary knowledge may be linked to the amount of 

time spent rereading the target words, we observed similar patterns across the two tasks as we 

hypothesized. We expected students with stronger vocabulary knowledge to be more likely to 

regulate their comprehension when confronted with both word- and sentence-level 

inconsistencies. This trend was observed for both the non-words and the implausible words. 

More specifically, when controlling for students’ reading comprehension, those with stronger 

vocabulary knowledge demonstrated a higher likelihood to attempt repairing their 

misunderstandings when the reading obstacle was a non-word or an implausible word. This 

suggests that stronger vocabulary knowledge may be associated with greater ability to regulate 

comprehension when confronted with either a word-level or sentence-level error. This could be 

due to students with stronger vocabulary knowledge having a better sense of what they do not 

know and attempting to regulate their comprehension (i.e., word knowledge calibration; Connor 

et al., 2019). This is similar to the findings of a previous study with older adults. Kavé and 

Halamish (2015) found that older adults (70-84 years of age) are more likely to have stronger 

vocabulary knowledge and are also more proficient in judging their own knowledge compared to 

young or middle-aged adults.  

Whereas we found no effect of age/grade level for gaze duration for either task, there was 

a significant interaction effect on rereading for both tasks. In general, the difference between the 

control word (i.e., word or plausible word) and the inconsistent word (non-word or implausible 

word) was smaller for third graders and larger for fourth and fifth graders, which we argue 
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indicates greater levels of comprehension monitoring – specifically employing repair strategies. 

Our results demonstrated that fourth and fifth graders engaged in more rereading when faced 

with sentence-level inconsistencies compared to third graders, which could indicate a 

developmental trend of stronger skills in the use of repair strategies. Similarly, only on the 

sentence-level comprehension monitoring task was there a difference between fourth and fifth 

graders with fifth graders spending less rereading time on plausible words than fourth graders; 

rereading time for implausible words did not differ for fourth and fifth graders. These age/grade 

level differences are consistent with developmental theories that metacognitive skills are 

becoming more fully developed during middle childhood (Del Giudice, 2014). During middle 

childhood, metacognitive skills are developing and this would suggest that comprehension 

monitoring, also a metacognitive skill is strengthening as students enter fourth and fifth grade. 

These results also may be indicating that sentence-level comprehension monitoring is more 

difficult than is the word-level comprehension monitoring. However, replication studies are 

needed to support this claim.  

Limitations and Future Directions 

Although the newly developed eye-movement task was validated, such that students 

viewed and reread the target non-words longer, this task may be improved. It would be 

interesting to test whether providing more context rather than only one sentence, might increase 

the differences between gaze duration and rereading time for the words vs. non-words. Although 

this study did not allow for any conclusions regarding a causal relationship between vocabulary 

knowledge and regulating comprehension, we believe that this relationship may be bidirectional, 

similar to the link between vocabulary knowledge and inference making (Oakhill, Cain, & 

McCarthy, 2015). On one hand, students with greater ability to regulate their comprehension by 
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using repair strategies, such as the use of context clues or other word learning strategies, tend to 

develop stronger vocabulary knowledge by learning new words from the text (Fukkink & de 

Glopper, 1998; McNamara, 2007; Nagy, McClure, & Mir, 1997). On the other hand, students 

with better vocabulary knowledge may have a higher metalinguistic awareness and are more 

likely to identify unfamiliar words or contradictory information in text and may engage in using 

repair strategies (Nagy, 2007). Therefore, future longitudinal studies are needed in order to 

examine the direction in which vocabulary knowledge and comprehension monitoring skills may 

be linked. This bidirectionality may also hold true for the relation between reading 

comprehension skills and comprehension monitoring. Additionally, this study demonstrated 

grade level effects, such that the fourth graders in our sample engaged in more rereading than 

third graders when confronted with a word-level inconsistency, while fourth and fifth graders 

engaged in more rereading when confronted with sentence-level inconsistencies, compared to 

their younger peers in third grade. However, this study used a cohort design. Longitudinal 

studies are needed to fully examine the effect of age on comprehension monitoring, and whether 

it improves as students mature and gain more experience with reading. Finally, our sample size 

was too small to examine three-way interactions. Thus, we could not fully disentangle the effects 

of reading comprehension, vocabulary knowledge, and grade level. Replicating this study with a 

larger longitudinal sample would address this issue.  

Implications 

Understanding the level at which a student may be struggling with reading 

comprehension will allow for better individualization of literacy instruction. As discussed earlier, 

a student may be able to evaluate his/her comprehension, while struggling with regulating his/her 

comprehension. Other times, students may be struggling with monitoring their comprehension at 
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the sentence-level, while they do not find regulating their comprehension at lower levels 

difficult. Recognizing what skillset might be needed for having stronger comprehension 

monitoring and reading comprehension is important for developing literacy instruction for 

students, especially in early elementary years. Therefore, valid and reliable assessments need to 

be more accessible to educators. With the new eye-movement technology and the number of 

different eye-movement tasks developed, such as the one we have developed, assessing students’ 

reading and comprehension monitoring abilities has become easier and more reliable. In the 

present study, we introduced different eye-movement tasks that may allow educators to precisely 

examine comprehension monitoring and eye-movement behavior in young children. Moreover, 

this will allow researchers and educators to develop educational interventions that target aspects 

of reading comprehension with which a student may be struggling. For example, after examining 

and considering the important role of vocabulary knowledge, comprehension monitoring, and 

utilizing different repair strategies, we have developed an e-book aiming to improve these skills 

in elementary school students (Connor et al., 2019). Therefore, developing personalized 

instructional interventions, with the use of technology or in the classroom, can be informed 

through assessing students’ individual differences and abilities and eye-tracking methodology is 

a promising technology. 
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Table 1.1 

Descriptive Statistics for Gaze Duration and Rereading Time (in Milliseconds) for each of the 

Eye-movement Tasks, and Reading Achievement Assessment Scores 

Gaze Duration (ms)      
Task N Mean SD Range Skewness 
Word vs. Non-word Task  
Word 1225 220.77 260.147 0-1949 2.662 
Non-word 1198 328.76 367.824 0-1999 1.818 
Total 2423 274.17 322.464 0-1999 2.202 
Plausible vs. Implausible Task  
Plausible 1222 197.45 247.092 0-1999 2.494 
Implausible 1225 201.29 241.214 0-1849 2.302 
Total 2447 199.37 244.124 0-1999 2.400 
Rereading Time (ms)      
Task N Mean SD Range Skewness 
Word vs. Non-word Task  
Word 1218 117.72 282.022 0-1799 3.147 
Non-word 1173 297.07 466.425 0-1999 1.615 
Total 2391 205.71 393.986 0-1999 2.204 
Plausible vs. Implausible Task  
Plausible 1223 61.76 172.225 0-1682 4.103 
Implausible 1220 95.11 247.879 0-1982 3.694 
Total 2443 78.41 213.992 0-1982 4.015 
Reading Achievement     
  Assessment N Mean SD Range  
Reading Comprehension 123 475.22 46.207 320.00-596.00 -0.217 
Reading Vocabulary 123 484.07 41.254 354.00-593.00 -0.521 
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Table 1.2 

Correlations Between Gaze Duration and Rereading Time for Each Eye-Movement Task 

Variables 1 2 3 4 5 6 7 8 
Gaze Duration for 
Control Words –        
Gaze Duration for 
Non-words .183** –       
Rereading Time for 
Control Words .144** .063* –      
Rereading Time for 
Non-words .062* .144** .097** –     
Gaze Duration for 
Plausible Words .164** .183** .099** .077* –    
Gaze Duration for 
Implausible Words .207** .185** 0.042 0.057 .216** –   
Rereading Time for 
Plausible Words .115** .078** 0.051 .081** .220** .101** –  
Rereading Time for 
Implausible Words .112** .103** 0.053 .159** .165** .178** .137** – 

Note. ** Correlation is significant at the 0.01 level (2-tailed). * Correlation is significant at the 

0.05 level (2-tailed). 
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Table 1.3 

Hierarchical Linear Modeling Results for Gaze Duration (Milliseconds) as a Function of 

Students’ Grade Level, Reading Comprehension and Vocabulary, and Reading Comprehension 

by Item Type Interaction 

Fixed Effect  Coefficient  Standard 
Error  t-ratio  Approx. 

d.f.  p-value 

Word vs. Non-word Task 
For Word targets, ψ0  
    Fitted mean, γ00  236.763 66.048 3.585 119 <0.001 
    Grade level, γ01  -4.113 16.910 -0.243 119 0.808 
    Reading comprehension, γ02  -0.171 0.406 -0.422 119 0.674 
    Vocabulary, γ03  -0.149 0.551 -0.270 119 0.788 
For Non-word targets, ψ1  
    Item type, γ10  110.090 12.701 8.668 2298 <0.001 
    RC x item type, γ11  0.178 0.261 0.681 2298 0.496 
Plausible vs. implausible Task 
For Plausible targets, ψ0  
    Fitted mean, γ00  211.993 50.671 4.184 119 <0.001 
    Grade level, γ01  -3.657 13.094 -0.279 119 0.780 
    Reading comprehension, γ02  -0.445 0.356 -1.249 119 0.214 
    Vocabulary, γ03  -0.501 0.408 -1.227 119 0.222 
For Implausible targets, ψ1  
    Item type, γ10  3.668 9.953 0.368 2322 0.713 
    RC x item type, γ11  0.534 0.354 1.509 2322 0.131 

Random Effect Standard 
 Deviation 

Variance 
 Component   d.f. χ2 p-value 

Word vs. Non-word Task 
Intercept, u0 130.334 16986.865 119 584.294 <0.001 
level-1, e 291.220 84808.928       
Plausible vs. implausible Task 
Intercept, u0 94.087 8852.319 119 537.399 <0.001 
level-1, e 223.923 50141.404       

Note. RC stands for reading comprehension.  

Gaze Duration mj = γ00 + γ01*(Grade level)j + γ02*(Comprehension)j + γ03*( Vocabulary )j          

+ γ10*(item type)mj + γ11(Reading Comprehension)j (Item type) mj + u0j + emj 
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Table 1.4 

Hierarchical Linear Modeling Results for Rereading Time (Milliseconds) as a Function of 

Students’ Grade Level, Reading Comprehension and Vocabulary, and Reading Comprehension 

by Item Type Interaction 

Fixed Effect  Coefficient  Standard 
Error  t-ratio  Approx. 

d.f.  p-value 

Word vs. Non-word Task 
For Word targets, ψ0  
    Fitted mean, γ00  210.721 71.522 2.946 119 0.004 
    Grade level, γ01  -23.744 18.176 -1.306 119 0.194 
    Reading comprehension, γ02  0.097 0.331 0.292 119 0.771 
    Vocabulary, γ03  -0.062 0.422 -0.146 119 0.884 
For Non-word targets, ψ1  
    Item type, γ10  184.042 17.311 10.632 2266 <0.001 
    RC x item type, γ11  0.915 0.398 2.299 2266 0.022 
Plausible vs. Implausible Task 
For Plausible targets, ψ0 
    Fitted mean, γ00  101.346 29.247 3.465 119 <0.001 
    Grade level, γ01  -10.162 7.049 -1.442 119 0.152 
    Reading comprehension, γ02  0.024 0.204 0.115 119 0.908 
    Vocabulary, γ03  -0.236 0.213 -1.108 119 0.270 
For Implausible targets, ψ1 
    Item type, γ10  33.793 8.544 3.955 2318 <0.001 
    RC x item type, γ11  0.569 0.174 3.270 2318 0.001 

Random Effect Standard 
 Deviation 

Variance 
 Component   d.f. χ2 p-value 

Word vs. Non-word Task 
Intercept, u0 133.563 17839.055 119 430.312 <0.001 
level-1, e 360.234 129768.293       
Plausible vs. Implausible Task 
Intercept, u0 58.875 3466.294 119 311.791 <0.001 
level-1, e 205.009 42028.487       

Note. RC stands for reading comprehension. 

Rereading Time mj = γ00 + γ01*(Grade level)j + γ02*(Comprehension)j + γ03*( Vocabulary )j          

+ γ10*(item type)mj + γ11(Reading Comprehension)j (Item type) mj + u0j + emj 

 
 



 

55 
 

Table 1.5 

Hierarchical Linear Modeling Results for Gaze Duration (Milliseconds) as a Function of 

Students’ Grade Level, Reading Comprehension and Vocabulary, and Vocabulary by Item Type 

Interaction 

Fixed Effect  Coefficient  Standard 
Error  t-ratio  Approx. 

d.f.  p-value 

Word vs. Non-word Task 
For Word targets, ψ0  
    Fitted mean, γ00  236.738 66.047 3.584 119 <0.001 
    Grade level, γ01  -4.100 16.910 -0.242 119 0.809 
    Reading comprehension, γ02  -0.086 0.423 -0.203 119 0.840 
    Vocabulary, γ03  -0.427 0.495 -0.864 119 0.390 
For Non-word targets, ψ1 
    Item type, γ10  109.899 12.547 8.759 2298 <0.001 
    Vocabulary x item type, γ11  0.569 0.281 2.026 2298 0.043 
Plausible vs. Implausible Task 
For Plausible targets, ψ0 
    Fitted mean, γ00  212.011 50.754 4.177 119 <0.001 
    Grade level, γ01  -3.631 13.092 -0.277 119 0.782 
    Reading comprehension, γ02  -0.178 0.314 -0.568 119 0.571 
    Vocabulary, γ03  -0.965 0.432 -2.235 119 0.027 
For Implausible targets, ψ1 
    Item type, γ10  3.475 9.618 0.361 2322 0.718 
    Vocabulary x item type, γ11  0.926 0.307 3.018 2322 0.003 

Random Effect Standard 
 Deviation 

Variance 
 Component   d.f. χ2 p-value 

Word vs. Non-word Task 
Intercept, u0 130.344 16989.585 119 585.035 <0.001 
level-1, e 291.007 84685.159       
Plausible vs. Implausible Task 
Intercept, u0 94.113 8857.322 119 539.457 <0.001 
level-1, e 223.439 49925.016       

Note. 

Gaze Duration mj = γ00 + γ01*(Grade level)j + γ02*(Comprehension)j + γ03*( Vocabulary )j          

+ γ10*(item type)mj + γ11(Vocabulary)j (Item type) mj + u0j + emj   
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Table 1.6 

Hierarchical Linear Modeling Results for Rereading Time (Milliseconds) as a Function of 

Students’ Grade Level, Reading Comprehension and Vocabulary, and Vocabulary by Item Type 

Interaction 

Fixed Effect  Coefficient  Standard 
Error  t-ratio  Approx. 

d.f.  p-value 

Word vs. Non-word Task 
For Word targets, ψ0  
    Fitted mean, γ00  210.614 71.628 2.940 119 0.004 
    Grade level, γ01  -23.678 18.175 -1.303 119 0.195 
    Reading comprehension, γ02  0.543 0.376 1.443 119 0.152 
    Vocabulary, γ03  -0.692 0.402 -1.720 119 0.088 
For Non-word targets, ψ1 
    Item type, γ10  183.762 17.050 10.778 2266 <0.001 
    Vocabulary x item type, γ11  1.282 0.402 3.186 2266 0.001 
Plausible vs. Implausible Task 
For Plausible targets, ψ0 
    Fitted mean, γ00  101.417 29.207 3.472 119 <0.001 
    Grade level, γ01  -10.182 7.048 -1.445 119 0.151 
    Reading comprehension, γ02  0.308 0.222 1.386 119 0.168 
    Vocabulary, γ03  -0.499 0.213 -2.344 119 0.021 
For Implausible targets, ψ1 
    Item type, γ10  33.778 8.646 3.907 2318 <0.001 
    Vocabulary x item type, γ11  0.527 0.193 2.732 2318 0.006 

Random Effect Standard 
 Deviation 

Variance 
 Component   d.f. χ2 p-value 

Word vs. Non-word Task 
Intercept, u0 133.482 17817.532 119 430.613 <0.001 
level-1, e 359.884 129516.512      
Plausible vs. Implausible Task 
Intercept, u0 58.770 3453.932 119 310.854 <0.001 
level-1, e 205.155 42088.562       

Note. 

Rereading Time mj = γ00 + γ01*(Grade level)j + γ02*(Comprehension)j + γ03*( Vocabulary )j          

+ γ10*(item type)mj + γ11(Vocabulary)j (Item type) mj + u0j + emj   
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Table 1.7 

Hierarchical Linear Modeling Results for Rereading Time (Milliseconds) for Word vs. Non-word 

Task as a Function of Students’ Reading Comprehension and Vocabulary, and Grade Level as 

Dummy Variables 

Fixed Effect  Coefficient Standard 
Error  t-ratio  Approx. 

d.f.  p-value 

Fourth grade as the reference group 
For Word targets, ψ0  
    Fitted mean, γ00  107.085 17.992 5.952 118 <0.001 
    Comprehension, γ01  0.514 0.373 1.378 118 0.171 
    Vocabulary, γ02  -0.006 0.436 -0.015 118 0.988 
    Third grade, γ03  50.370 25.404 1.983 118 0.050 
    Fifth grade, γ04  -30.583 31.989 -0.956 118 0.341 
For Non-word targets, ψ1  
    Item type, γ10  223.399 34.243 6.524 2265 <0.001 
    Third grade, γ11  -84.458 41.856 -2.018 2265 0.044 
    Fifth grade, γ12  -23.398 47.558 -0.492 2265 0.623 
Third grade as the reference group 
For Word targets, ψ0  
    Fitted mean, γ00  157.455 19.154 8.221 118 <0.001 
    Comprehension, γ01  0.514 0.373 1.378 118 0.171 
    Vocabulary, γ02  -0.006 0.436 -0.015 118 0.988 
    Fourth grade, γ03  -50.370 25.404 -1.983 118 0.050 
    Fifth grade, γ04  -80.952 33.309 -2.430 118 0.017 
For Non-word targets, ψ1  
    Item type, γ10  138.941 24.064 5.774 2265 <0.001 
    Fourth grade, γ11  84.458 41.856 2.018 2265 0.044 
    Fifth grade, γ12  61.060 40.870 1.494 2265 0.135 

Random Effect Standard 
 Deviation 

Variance 
 Component   d.f. χ2 p-value 

Fourth grade as the reference group 
Intercept, u0 134.002 17956.488 118 428.328 <0.001 
level-1, e 360.455 129927.496       
Third grade as the reference group 
Intercept, u0 134.002 17956.488 118 428.328 <0.001 
level-1, e 360.455 129927.496       

Note. Equation for Fourth grade as the reference group:  

Rereading Time mj= γ00 + γ01*(Comprehension) j + γ02*(Vocabulary) j + γ03*(Third grade) j          

+ γ04*(Fifth grade)j + γ10*(Item type)mj + γ11*(Third grade)j*(Item type)mj  

+ γ12*(Fifth grade)j*(Item type)mj + u0j+ emj  
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Table 1.8 

Hierarchical Linear Modeling Results for Rereading Time (Milliseconds) for Plausible vs. 

Implausible Task as a Function of Students’ Reading Comprehension and Vocabulary, and 

Grade Level as Dummy Variables 

Fixed Effect  Coefficient Standard 
Error  t-ratio  Approx. 

d.f.  p-value 

Fourth grade as the reference group 
For Plausible targets, ψ0  
    Fitted mean, γ00  71.325 11.013 6.477 118 <0.001 
    Comprehension, γ01  0.240 0.201 1.191 118 0.236 
    Vocabulary, γ02  -0.125 0.220 -0.567 118 0.572 
    Third grade, γ03  3.269 13.455 0.243 118 0.808 
    Fifth grade, γ04  -40.083 16.381 -2.447 118 0.016 
For Implausible targets, ψ1  
    Item type, γ10  62.357 18.596 3.353 2317 <0.001 
    Third grade, γ11  -56.478 22.908 -2.465 2317 0.014 
    Fifth grade, γ12  -23.778 20.730 -1.147 2317 0.252 
Third grade as the reference group 
For plausible targets, ψ0  
    Fitted mean, γ00  74.594 10.230 7.292 118 <0.001 
    Comprehension, γ01  0.240 0.201 1.191 118 0.236 
    Vocabulary, γ02  -0.125 0.220 -0.567 118 0.572 
    Fourth grade, γ03  -3.269 13.455 -0.243 118 0.808 
    Fifth grade, γ04  -43.352 15.145 -2.863 118 0.005 
For implausible targets, ψ1 
    Item type, γ10  5.879 13.391 0.439 2317 0.661 
    Fourth grade, γ11  56.478 22.908 2.465 2317 0.014 
    Fifth grade, γ12  32.700 16.223 2.016 2317 0.044 

Random Effect Standard 
 Deviation 

Variance 
 Component   d.f. χ2 p-value 

Fourth grade as the reference group 
Intercept, u0 56.385 3179.221 118 293.594 <0.001 
level-1, e 205.108 42069.221       
Third grade as the reference group 
Intercept, u0 56.385 3179.221 118 293.594 <0.001 
level-1, e 205.108 42069.221       

Note. Equation for Fourth grade as the reference group:  

Rereading Time mj= γ00 + γ01*(Comprehension) j + γ02*(Vocabulary) j + γ03*(Third grade) j          

+ γ04*(Fifth grade)j + γ10*(Item type)mj + γ11*(Third grade)j*(Item type)mj  

+ γ12*(Fifth grade)j*(Item type)mj + u0j+ emj  
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Table 1.9 

Summary of Results 

 Word vs. Non-word 
 

Plausible vs. Implausible 

Gaze Duration Longer for non-words than for 
control words 

No significant differences 
between plausible and 
implausible words 
 

Rereading Time Longer for non-words than for 
control words 

Longer for implausible than for 
plausible words 
 

Relation with 
reading 
comprehension 

No significant relation with gaze 
duration, but Stronger 
comprehenders had longer 
rereading times for non-words 

No significant relation with gaze 
duration, but stronger 
comprehenders had longer 
rereading times for implausible 
words 
 

Relation with 
vocabulary 

Those with stronger vocabulary 
had longer gaze durations and 
rereading times for non-words 

Those with stronger vocabulary 
had longer gaze durations and 
rereading times for implausible 
words 
 

Relation with grade No significant relation with gaze 
duration. Fourth graders had 
longer rereading times for non-
words than third graders. 

No significant relation with gaze 
duration. Fourth and fifth graders 
had longer rereading times for 
implausible words than third 
graders. 

 
 
 

 

 

 

 

 

 

 



 

60 
 

Figure 1.1 

Fitted Means for Gaze Duration and Rereading Time by Task and Item Type, Controlling for 

Grade Level, Reading Comprehension, and Vocabulary 

 

 

Note. In general, in the Word vs. Non-word Task, gaze duration and rereading time for target 

non-words were significantly longer than the control words (see top figure), whereas in the 

Plausible vs. Implausible Task, only rereading time for implausible words were significantly 

longer than that of the plausible words (see bottom figure). Error bars represent approximate 

standard errors. 

0

50

100

150

200

250

300

350

400

Gaze Duration Rereading Time

M
ill

ise
co

nd
s

Words

Non-words

0

50

100

150

200

250

Gaze Duration Rereading Time

M
ill

ise
co

nd
s

Plausible Words

Implausible Words



 

61 
 

Figure 1.2 

Rereading Time for Words vs. Non-Words (Top) and Plausible Vs. Implausible Words (Bottom) 

as a Function of Reading Comprehension 

 

 

Note. Rereading time for words vs. non-words (top) and plausible vs. implausible words 

(bottom) are modeled for students whose reading comprehension falls one standard deviation 

below the mean (lower reading comprehension); at the mean (mean reading comprehension); or 

one standard deviation above the mean (higher reading comprehension). Error bars represent 

approximate standard errors. 
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Figure 1.3 

Gaze Duration for Words Vs. Non-Words (Top) and Plausible vs. Implausible Words (Bottom) as 

a Function of Vocabulary Knowledge 

 

 

Note. Gaze duration for words vs. non-words (top) and plausible vs. implausible words (bottom) 

are modeled for students whose vocabulary knowledge falls one standard deviation below the 

mean (lower vocabulary); at the mean (mean vocabulary); or one standard deviation above the 

mean (higher vocabulary). Error bars represent approximate standard errors. 
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Figure 1.4 

Rereading Time for Words vs. Non-Words (Top) and Plausible vs. Implausible Words (Bottom) 

as a Function of Vocabulary Knowledge 

 

 

Note. Rereading time for words vs. non-words (top) and plausible vs. implausible words 

(bottom) modeled for students whose vocabulary knowledge falls one standard deviation below 

the mean (lower vocabulary); at the mean (mean vocabulary); or one standard deviation above 

the mean (higher vocabulary). Error bars represent approximate standard errors. 
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Figure 1.5 

Rereading Time for The Word vs. Non-Word Task (Top) and Plausible vs. Implausible Task 

(Bottom) By Grade Level 

 

 

Note. Rereading time for the Word vs. Non-word Task (top) and Plausible vs. Implausible Task 

(bottom) by grade level when controlling for comprehension and vocabulary skills. In the Word 

vs. Non-word task, fourth graders spent significantly longer rereading the non-words compared 

to third graders. In the Plausible vs. Implausible task, fourth and fifth graders spent significantly 

longer reading the implausible words compared the third graders. Error bars represent 

approximate standard errors. 
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Appendix 1.1 

Stimuli Used in The Eye-Movement Tasks 

Stimuli used in Word vs. Non-word eye-movement task: 

1. David wanted to explore/spettle the wild island. 

2. The bug crawled/thecked up Daisy’s arm. 

3. Rosita climbed the mountain/floggorn in the morning. 

4. The loud noise/ploof scared Ethan. 

5. The sun was shining and it was a beautiful/smotterup day. 

6. The cheetah was fast, but the lion was stronger/roolaps. 

7. At his birthday, Dan laughed/shalled at the clown. 

8. Wow/Zop, this cake is really tasty! 

9. Mickey did not enjoy the apple because it was not ripe/bope. 

10. The ballerina danced gracefully on the stage/quode. 

11. The dentist/cranter said Jimmy needed to floss. 

12. Electricity allows for the toaster/hearner to work. 

13. The soccer team won/jub the playoffs. 

14. My father is a judge and goes to court/sneet. 

15. Rubber/Trople tires are the best for a car. 

16. School/Phleen is where Timmy learned science. 

17. Water/Klopa is very important to drink on a hot day. 

18. Lindsey had to take/chup her dog on a walk. 

19. Did you know tomatoes are a fruit/grutt? 

20. When it rains, my mom uses an umbrella/nepronto to stay dry. 
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Stimuli used in Plausible vs. Implausible eye-movement task: 

1. For the wedding, Linda wore her best outfit. The colorful dress/plant was one of her 

favorites. 

2. Jeremy carefully sawed through a large oak tree in his yard. The steel blade/bolt became 

dull after only a few minutes. 

3. Last week Kyle flew to visit his family in another city. The large plane/truck was 

spacious and quickly transported them. 

4. Charles and his friends tossed the new toy outside in the yard. They were upset when the 

ball/book went over the fence. 

5. Marcus washed dishes every night to earn his allowance. The new sponge/broom was 

great for getting rid of the grit. 

6. Before school Jack printed his report for history class. He became angry when the 

paper/pencil got stuck. 

7. Every day Rover barked at the passing animals on the street. He was the most alert 

puppy/kitten in the neighborhood. 

8. In the evening, Nicholas pounded two boards together in his garage. His new 

hammer/handsaw was a really useful tool. 

9. Tyler cautiously sipped his fresh sweetened tea. He dropped the glass/plate because it 

was so hot. 

10. Last night Bobby slept very well for many hours. His new boots/sheets were cozy and 

comfortable. 



 

67 
 

11. Tim and Landon rowed along the river in the park. Tim lost his paddle/saddle in the 

middle of the river. 

12. Justin threw the ball to his friend during the game. He liked football/jogging more than 

any other sport. 

13. Yesterday evening Jenny sewed patches onto her jeans. Sadly, she lost the needle/wrench 

and could not finish. 

14. When she got mad Sarah stomped on the floor. It really hurt when her foot/hand hit the 

ground with such force. 

15. Today Sean arrested an unruly criminal as everyone watched. As an experienced 

officer/minister he quickly took control of the situation. 

16. Amanda sat outside and read about a man named Arthur. She loved the novel/movie 

about ancient times. 

17. To plant a tree Shannon dug a large hole in the ground. Her sturdy shovel/blower helped 

make the job easy. 

18. Michelle poured a fresh cup of coffee for her friend. She dropped the kettle/shoes and got 

very annoyed. 

19. Today Janet rode with her friends to the mall. The yellow taxi/kayak quickly got them to 

their favorite places. 

20. They were all happy as they sailed along the coast. The swift boat/bike raced near the 

beautiful beach. 
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CHAPTER 3: Study 2 

The Relations Between Students’ Behavioral Ratings of Inattention and 

Hyperactivity/Impulsivity and Their Online Comprehension Monitoring 

Reading comprehension is a complex activity (Cartwright, 2009; Rapp & van den Broek, 

2005) that requires the coordination of many underlying text-specific, linguistic, and social-

cognitive processes, which develop over time (Connor, 2016). Thus, successful reading 

comprehension goes beyond proficient word recognition skills (e.g., Arrington et al., 2014). 

Many students with adequate decoding skills are still found to have poor reading comprehension 

(e.g., Yuill & Oakhill, 1991). Researchers have examined the underlying processes of reading 

comprehension to find the source of difficulties students may be experiencing that lead them to 

struggle with understanding what they read effectively, despite their age-appropriate word 

reading skills (e.g., Cain & Oakhill, 2004). One underlying reason is that students with poor 

reading comprehension skills are not as good in monitoring their comprehension, a skill referred 

to as comprehension monitoring (e.g., Cain et al., 2004; Garner & Taylor, 1982). Comprehension 

monitoring is the skill to evaluate and regulate comprehension while reading (Baker, 1989; 

Baker & Beall, 2009). While it is an essential aspect of reading comprehension, many children 

perform poorly in monitoring their own comprehension (e.g., Markman, 1979). The question 

arises as to why comprehension monitoring can be so challenging. This necessitates further 

understanding how comprehension monitoring may be related to children’s individual 

differences in cognitive processes and behavioral characteristics. In this study, we aim to 

examine how comprehension monitoring skills may be related to students’ behavioral ratings of 

inattention and hyperactivity/impulsivity. 
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Comprehension Monitoring 

The metacognitive process of monitoring ones’ own comprehension while reading is an 

inseparable part of reading and plays a critical role in proficient comprehension (Kinnunen et al., 

1998). Comprehension monitoring provides the reader with important feedback regarding his/her 

understanding and the process of using appropriate reading strategies to regulate comprehension. 

Therefore, a successful reader must have effective monitoring skills and the ability to both self-

check and self-correct using repair strategies (Winograd & Johston, 1982). Comprehension 

monitoring is found to explain unique variance in reading comprehension ability beyond word 

reading and vocabulary skills (Cain et al., 2004). 

Comprehension monitoring has been examined using error detection tasks. In these tasks, 

participants are asked to read (or listen to) passages with embedded errors of different types 

while their reactions about each passage are recorded. Traditionally, participants were asked to 

read or think aloud or were prompted to report whether they identified any inconsistencies in the 

text (e.g., Baker, 1979; Danner, 1976; Oakhill et al., 2005; Markman, 1977; 1979; McInnes et 

al., 2003; Winograd & Johston, 1982). The embedded errors generally consist of nonsense words 

(i.e., word-level), information that violates general knowledge, and information that is 

inconsistent within the passage (i.e., sentence-level) to examine comprehension monitoring at 

different levels (Kinnunen & Vauras, 1995; 2010). Detection of each these inconsistencies 

requires a different standard of evaluation – lexical, external consistency, and internal 

consistency, respectively (Baker, 1984). Therefore, the level at which readers monitor their 

comprehension may reflect their goals, their intended level of comprehension, and the utilization 

of different standards as criteria for comprehension (Baker, 1985; 2002). Consequently, readers 

can differ in how well they are able to monitor their comprehension when confronted with 
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different types of inconsistencies. For example, more skilled comprehenders have been found to 

engage in more sentence-level monitoring than word-level, compared to their peers with poorer 

comprehension skills (Oakhill et al., 2005). 

More recently, due to the relation between the amount of time one spends viewing a 

linguistic unit and the amount of mental effort needed for processing it, moment-to-moment 

information processing in reading has been examined using eye-movement methodology 

(Rayner, 1998). Eye-movements, when linked with linguistic units, provide us with details about 

children’s process of reading comprehension (Rayner et al., 2006; Trueswell, 2008). To 

investigate comprehension monitoring, recent studies have examined readers’ reactions to 

embedded inconsistencies in passages by measuring the amount of time they view the words, 

utilizing eye-movement methodology (e.g., Connor et al., 2015; Joseph et al., 2020; Kim et al., 

2018; Vorstius et al., 2013; Zargar et al., 2020). There are two eye-movement parameters that are 

commonly utilized when examining online comprehension monitoring as participants read 

passages with embedded inconsistencies: Gaze duration and rereading time. Gaze duration is the 

total amount of eye fixations spent within a word for the first time and represents lexical access, 

whereas rereading time is the amount of time spent on the word after leaving it for the first time 

and represents post-lexical integration of meaning at the sentence-level (Radach & Kennedy, 

2004; 2013). These two eye-movement parameters are found to be sensitive to inconsistencies in 

text, such that readers generally pause and have longer fixation durations and rereading times 

when they find a text challenging or ambiguous (e.g., Ashby et al., 2005; Rayner et al., 2006). A 

longer gaze duration for an inconsistent word denotes the reader has identified the error (i.e., 

comprehension evaluation), and a longer rereading time denotes that the reader may be 

attempting to regulate his/her comprehension using repair strategies, such as rereading (i.e., 
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comprehension regulation; e.g., Connor et al., 2015). The current study utilizes eye-movement 

methodology to examine online comprehension monitoring at the word- and sentence-level.  

Individual Differences and Comprehension Monitoring 

Researchers have identified several reasons as to why comprehension monitoring is 

found to be challenging for children and how various individual differences may be related to 

comprehension monitoring. In general, younger students do more poorly in comprehension 

monitoring compared to their older peers (e.g., Garner & Taylor, 1982; Markman, 1977; Zargar 

et al., 2020). This may be due to the later development of metacognition and metalinguistic 

awareness (Gombert, 1992; Kinnunen & Vauras, 2010) and also due to the limited information-

processing capabilities of young readers (e.g., Ruffman, 1996). Self-monitoring requires the use 

of information-processing capacity (i.e., working memory capacity or attentional resources), for 

which other cognitive processes compete – especially for more difficult tasks (Lan et al., 1998; 

Winne, 1995).  

Generally, children with poor reading comprehension or academic language have been 

found to lack effective monitoring skills (e.g., Connor et al., 2015; Garner, 1980; Garner & Reis, 

1981; Zargar et al., 2020). Many researchers have aimed to elucidate this recurrent finding. One 

idea is that poor comprehenders have different goals for reading, such that they generally attend 

to decoding the words more than understanding the text (Paris & Myers, 1981). Other 

researchers have suggested that many children with poor comprehension often fail to detect 

inconsistencies because they do not effectively engage in constructive processing (i.e., 

constructing a coherent situation model of the text) when reading (Markman 1977; 1979; van der 

Schoot et al., 2012). Similarly, Rubman and Waters (2000) claimed that if readers are not able to 

construct a coherent representation of the text, they are consequently not able to detect an 
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internal inconsistency and effectively monitor their comprehension. Lastly, comprehension 

evaluation (detecting inconsistencies) is found to be easier and more automatic than 

comprehension regulation (Connor et al., 2015). Therefore, it may be the case that poor 

comprehenders struggle with comprehension regulation, such that they may be capable of 

detecting inconsistencies but they do not engage in resolving the misunderstandings or they lack 

the knowledge of appropriate repair strategies (Connor et al., 2015; Garner & Reis, 1981; 

Gersten et al., 2001; Wagoner, 1983). 

Due to the hierarchical structure of language and cognitive processes, foundational 

language skills, such as vocabulary knowledge, are also found to be related and contribute to 

higher-order cognitive skills of comprehension, such as comprehension monitoring (Kim, 2016). 

Vocabulary knowledge and comprehension monitoring at the sentence-level was found to be 

significantly correlated for children who were eight to nine and ten to eleven years of age 

(Oakhill & Cain, 2012). A more recent study utilizing eye-movement methodology similarly 

suggested that third through fifth grade students with stronger vocabulary knowledge generally 

demonstrate more effective comprehension evaluation and regulation at the word- and sentence-

level (Zargar et al., 2020). 

Additionally, there are different cognitive abilities that contribute to comprehension 

monitoring. One of these cognitive abilities that has been examined in children is working 

memory (e.g., Kim, 2016; Oakhill et al., 2005) – the limited capacity system that temporarily 

stores and processes units of information (Baddeley, 1986). Working memory capacity can 

influence the ease of applying comprehension monitoring skills. Comprehension monitoring is 

more challenging when inconsistent units of information in text are distant from one other as it 

requires increased working memory demands (Oakhill et al., 2005; Yuill et al., 1989). Similarly, 
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sentence-level comprehension monitoring, which requires higher integration and constructing a 

coherent representation of text (Rubman & Waters, 2000), may be more demanding of 

processing recourses compared to word-level monitoring. Therefore, the processes of 

comprehension monitoring may compete with the working memory resources that are already 

involved in reading, such as for decoding (Baker, 2002; Kinnunen et al., 1998). Thus, students 

with poor comprehension may have a processing limitation that does not allow them to read and 

monitor their comprehension simultaneously (Oakhill et al., 2005; Yuill et al., 1989). Other 

individual differences related to executive functions may contribute to comprehension 

monitoring skills, such as children’s behavioral inattention and hyperactivity/impulsivity. These 

relations may necessitate further investigation. 

Inattention and Hyperactivity/Impulsivity 

Previous studies have examined how inattentive, hyperactive, and impulsive behaviors in 

children may be related to their academic and particularly reading achievement (e.g., Cain & 

Bignell, 2014; Merrell et al., 2017; Pham, 2016). Duncan and colleagues (2007) proposed that 

children who are able to pay attention, inhibit impulsive behavior, and interact properly with 

both peers and adults are more likely to successfully utilize the learning opportunities in the 

classroom and master the concepts being taught. In fact, sustained attention, ability to inhibit 

irrelevant stimuli and attend to the relevant stimuli, is important in learning, including language 

(Stevens et al., 2006). Many studies have highlighted the importance of children’s attention skills 

for later reading achievement in school (e.g., Duncan et al., 2007). Kieffer and colleagues (2013) 

demonstrated the essential role of attention shifting and inhibitory control for reading 

comprehension for fourth grade students. Arrington and colleagues (2014) also elucidated 

significant direct effects of working memory, sustained attention, and cognitive inhibition on 
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reading comprehension. Thus, students’ inattentiveness in the classroom is generally found to 

have negative effects on their reading achievement (Rowe & Rowe, 1992). Pham (2016) further 

discussed that children who are inattentive tend to process written information more slowly and 

are more likely to be distracted. Therefore, they usually have difficulty with sustained or 

selective attention when reading. Similarly, Cain and Bignell (2014) found that 7–11-year-old 

children with poor attention skills are more likely to have poor reading comprehension, and those 

with higher levels of hyperactivity are more likely to struggle with listening comprehension 

(Cain & Bignell, 2014). While many researchers have investigated the relations between these 

individual differences and reading comprehension, less is understood about how these specific 

behaviors may be related to the higher-level processes of reading comprehension, such as 

comprehension monitoring. 

To examine how inattention, hyperactivity, and impulsivity may relate to reading 

comprehension and component skills of comprehension, many researchers have studied the skills 

of students with Attention Deficit/Hyperactivity Disorder (ADHD). As described by the 

Diagnostic and Statistical Manual of Mental Disorders (DSM), ADHD is characterized with 

three primary behavioral dimensions: inattention, hyperactivity, and impulsivity (American 

Psychiatric Association, 2013). Barkley (1997) proposed that children with ADHD have 

impaired behavior inhibition, which leads to executive dysfunction causing them to appear 

inattentive, hyperactive, or impulsive. Accumulating research suggests that students with ADHD 

are often found to struggle with reading comprehension (e.g., Brock & Knapp, 1996). The high 

level of comorbidity between ADHD and reading deficits (e.g., Willcutt et al., 2010) likely 

contributes to their lower academic performance, compared to their peers (Barkely, 2000). 

Therefore, better understanding how one of the underlying processes of reading comprehension, 
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comprehension monitoring, may be related to inattention and hyperactivity/impulsivity could 

elucidate the commonality of students with these symptoms struggling with reading 

comprehension. 

Relation with Comprehension Monitoring 

Active comprehension monitoring requires the allocation of attention (Baker, 1989; 

Kendeou et al., 2014), while it is suggested that comprehension evaluation or detecting 

inconsistencies can occur more automatically (Connor et al., 2015). Previous studies examining 

the relations between inattention, hyperactivity/impulsivity, and comprehension monitoring are 

limited, and they mostly utilize traditional error-detection assessments, or examine students who 

have been clinically diagnosed with ADHD. Here we review a few of these studies. 

McInnes and colleagues (2003) found that students with ADHD were generally poorer in 

monitoring their listening comprehension. More specifically, they suggested that behavioral 

ratings of inattention and hyperactivity/impulsivity were negatively associated with 9–12-year-

old children’s comprehension monitoring skills, particularly comprehension evaluation or error 

detection (McInnes et al., 2003). Walczyk and Hall (1989) demonstrated that third and fifth 

graders with more impulsive behaviors were found to be less likely to monitor their 

comprehension (detecting inconsistencies in text), compared to their peers. Similarly, a study 

with sixth graders supported that more impulsive children with below-average reading 

comprehension performed more poorly in comprehension monitoring when confronted with 

internal (i.e., textual or sentence-level) inconsistencies but not external (i.e., schema) 

inconsistencies (Stahl et al., 1986). Stahl and colleagues (1986) stated that this finding may 

suggest that the relation between reading ability and comprehension monitoring may be mediated 

through other individual differences, such as impulsivity. Palladino and colleagues (1997) also 
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found that more impulsive students in the sixth and seventh grade (but not eighth grade) tended 

to underperform in comprehension monitoring. They claimed that this demonstrates a 

metacognitive monitoring deficit for students who are more impulsive, but it may be overcome 

as they become older and develop sufficient skills.  

Boys with ADHD have also been found to struggle with identifying text inconsistencies, 

when provided with passages with internal inconsistent information, caused by contradictory or 

implausible words based on the context (Berthiaume; 2010). However, Brock and Knapp (1996) 

found that ADHD students did not significantly differ in monitoring their comprehension, after 

controlling for their word identification, reading fluency, vocabulary knowledge and background 

knowledge. These mixed findings could be due to utilizing different methodological analyses or 

assessments necessitating various cognitive demands (Miller et al., 2013) or due to examining 

different aspects of comprehension monitoring when confronted with different types of 

inconsistencies. Researchers have also examined how students with ADHD may differ in 

processing garden path sentences. Garden path sentences contain a misleading (or ambiguous) 

opening causing the reader to have an incorrect initial interpretation, which needs to be revised 

based on subsequent provided information (Bever, 1970). Engelhardt and colleagues (2008) 

found that students with ADHD were not poorer in comprehending garden path sentences 

compared to their peers, after controlling for their reading ability. This suggests that they did not 

show a cognitive inhibition deficit in language processing, were able to suppress the initial 

misinterpretation, and to regulate their comprehension, similar to peers. However, understanding 

how students with varying levels of inattention and hyperactivity/impulsivity may differ in their 

comprehension evaluation and regulation skills necessitates further investigation. 
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Current study 

While studies examining children with ADHD allows us to better understand how these 

individual differences may be related to reading achievement, detangling the different symptoms 

and examining the extent to which each cognitive component may be contributing to reading 

skills may be challenging. Therefore, in order to differentiate between inattention and 

hyperactivity/impulsivity and how each domain may contribute to reading achievement in 

children, it is necessary to examine these behaviors in the general population (i.e., typically 

developing children who have not been clinically diagnosed with ADHD). This also allows for 

considering the full range of these behaviors on a continuum. Thus, it is essential to further 

examine the links between individual differences in inattention and hyperactivity/impulsivity and 

comprehension monitoring. Examining the continuum of these symptoms has important 

educational implications, especially for children with mild difficulties which may go unnoticed 

but may still be at risk of poor reading outcomes. Literature in respect to the relation between 

comprehension monitoring and individual differences in inattention and 

hyperactivity/impulsivity is limited. To the best of our knowledge, previous studies have not 

examined these relations, particularly using eye-movement methodology. 

To this end, the current study aimed to examine the relations between third through fifth 

grade students’ behavioral ratings of inattention and hyperactivity/impulsivity and their online 

comprehension monitoring skills, when controlling for their vocabulary knowledge. Using two 

different eye-movement tasks and eye-movement parameters, we aimed to examine the two 

aspects of comprehension monitoring, comprehension evaluation and regulation, at the word- 

and sentence-level. Considering previous studies and the relation between students’ inattention 

and hyperactivity/impulsivity and reading achievement, we hypothesized that students with 
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higher behavioral ratings of inattention or hyperactivity/impulsivity would be more likely to 

demonstrate weaker comprehension monitoring skills compared to their peers. We hypothesize 

that this would be due to the underlying limited processing capacity or not engaging in creating 

an elaborated situation model and engaging in regulating comprehension as necessary. 

Methods 

Participants 

Typically developing students (n = 129) from six third through fifth grade classrooms in 

a charter elementary school were invited to participate in this study. Parents of one student did 

not provide consent for participation, three students withdrew from the study or moved from the 

school, and eight students did not have complete data for eye-movement assessments and teacher 

ratings on their level of inattention and hyperactivity/impulsivity. Thus, the analytic sample for 

this study consisted of 117 students (M age = 9.82 years, SD = 0.93, range = 8.17-12.17 years). 

Students were from two third-grade classrooms (n = 46), two fourth-grade classrooms (n =38), 

and two fifth-grade classes (n = 33). Approximately 53% of the sample were boys. This sample 

consisted of 58% identifying as White, 17% African American, 13% Hispanic, 9% Asian, with 

the remaining belonging to other ethnicities. On average, students scored at the 44th percentile on 

the standardized reading comprehension assessment and at the 52nd percentile on the vocabulary 

assessment of Gates-MacGinitie (MacGinitie et al., 2002), for which the expected mean is 50th 

percentile. 

Measures and Procedures 

Data for this study were collected as part of a larger study examining the effectiveness of 

an interactive e-book on students’ reading comprehension skills (Study 3 of this dissertation). 

Students were assessed on their comprehension monitoring skills and vocabulary knowledge and 
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their inattention and hyperactivity/impulsivity behaviors were rated by their teachers. Each of 

these measures are further explained here. 

Comprehension Monitoring Assessment 

Students’ comprehension monitoring (comprehension evaluation and comprehension 

regulation) was examined by measuring the students’ gaze duration and rereading times for 

target words. As explained earlier, gaze duration represents the amount of time readers view the 

word before moving their eyes from word and rereading time represents the amount of time 

readers read words that were previously viewed. We examined comprehension evaluation and 

comprehension at the word- and sentence-level using two eye-movement tasks, the Word vs. 

Non-word and the Plausible vs. Implausible tasks, respectively. These two tasks were previously 

developed and utilized (Connor et al., 2015; Zargar et al., 2020). Each of these tasks included 20 

items. Each item included either a consistent target word (control version, i.e., typical word in 

the Word vs. Non- word task or a plausible word in the Plausible vs. Implausible task) or an 

inconsistent target word (i.e., a non-word or an implausible word). The Word vs. Non-word Task 

is made up of simple sentences that include either a word or nonword (e.g., “Rosita climbed the 

mountain/floggorn in the morning.”) See Zargar et al., 2020 for more details about this task. The 

Plausible vs. Implausible Task consists of a pair of simple declarative sentences that include 

either a plausible or implausible word in the second sentence. (e.g., “Every day Rover barked at 

the passing animals on the street. He was the most alert puppy/kitten in the neighborhood.”) See 

Connor et al., 2015 for more details about this task. Each student saw one version of each item. 

Each task included two different forms, so that each student read 10 control items and 10 

inconsistent items for each task. Students were randomly given either form; 64 students were 

given Form A and 53 students were given From B. 
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Research assistants helped measure students’ eye-movement behaviors by asking them to 

read each sentence for understanding and to proceed to next item by making a mouse click when 

ready. Students were assessed individually in a quiet room in their school. To make sure that 

students were reading for understanding, at random order 20 items were followed by a simple 

multiple-choice reading comprehension question. Students’ answers to these check-point 

questions were not utilized in the research analysis. Students’ eye-movements were recorded 

using a 17-inch Tobii T-120 eye-tracker monitor with a display resolution of 1280×768 pixels 

and a data rate of 120 Hz. We did not use a chin or forehead rest. Students were seated 66-72 cm 

from the screen and completed a 5-point calibration process by following a moving a dot on the 

display monitor with their eyes before starting the assessment. We used Tobii Studio software 

version 3.3.2.1150, and the default Tobii I-VT fixation filter, with a window length of 20 ms, a 

velocity threshold of 30 degrees/second, a minimum fixation duration of 60 ms (to discard 

fixations shorter than 60 ms), and a maximum time between fixations of 75 ms with a 0.5 

maximum angle between fixations (to merge adjacent fixations). 

Vocabulary Knowledge 

Students’ vocabulary knowledge was assessed using their grade-appropriate Gates-

MacGinitie Reading Test, Fourth Edition (MacGinitie et al., 2002) in their classrooms. This 

assessment requires students to identify the correct definition of target words embedded in 

sentences, from four given choices. The Extended Scale Score (ESS) was used for analysis, 

which has a mean of 500 and standard deviation of 15. The published reliability for this 

assessment is 0.96. 

Inattention and Hyperactivity/Impulsivity 

Students’ behavioral inattention and hyperactivity/impulsivity were rated by their 
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teachers using The Strengths and Weakness of ADHD-Symptoms and Normal Behavior scale 

(SWAN; Swanson et al., 2012). The SWAN rating scale is based on Diagnostic and Statistical 

Manual (DSM) criteria for ADHD diagnosis measuring inattentive, hyperactive, and impulsive 

behaviors, which measure positive attention and impulse regulation behaviors in the normal 

population. Teachers were asked to rate students individually comparing their behaviors to 

students of the same age on each of the 18 items on a seven-point Likert scale anchored to 

average behavior (i.e., far above average = 3, below average = 2, somewhat below average = 1, 

average = 0, somewhat above average = -1, above average = -2, and far above average = -3). 

Using this 7-point scale, the SWAN scale covers the full range of behavior in non-clinical as 

well as clinical populations and captures variation in behavior that is related to both strengths 

and weaknesses (Swanson et al., 2012). It is also noteworthy that the SWAN scale does not use 

negative statements, which distinguished it from many other ADHD rating scales (e.g., SNAP; 

Swanson, 1992). Higher scores on the SWAN scale represent higher levels of inattention and 

hyperactivity/impulsivity. 

The first 9 items measure inattention with statements such as “Give close attention to 

detail and avoid careless mistakes” and “Engage in tasks that require sustained mental effort”. 

Items 10-18 measure hyperactivity/impulsivity using statements such as “Sit still (control 

movements of hands or feet or control squirming” and “Enter into conversations and games 

without interrupting or intruding”. Total score for each of the two subscales was calculated by 

summing the scores across all 9 items for that domain. The Cronbach Alpha for inattention 

subscale and for hyperactivity/impulsivity were .975 and .978, respectively, which indicate a 

high level of internal consistency within our sample. For more information, please see Swanson 

et al., 2012. 



 

82 
 

Analytic Strategy 

To analyze our data, we utilized hierarchical linear modeling (HLM) to take into account 

the nested nature of our data (multiple measures nested in students). Using HLM allowed for 

estimating the standard errors more accurately by taking into account the shared variance among 

the eye-movement items nested in students. All models were analyzed with restricted maximum 

likelihood and fixed effects are reported with robust standard errors. We conducted a separate 2-

level HLM model to examine the relation between students’ comprehension evaluation and 

comprehension regulation at the word- and sentence- level and their level of inattention and 

hyperactivity/impulsivity. Either gaze duration or rereading time for target words (in 

milliseconds) was entered as the outcome variable. In level 1 (item level), we entered item type 

(control word= 0, non-word or implausible word = 1). In level 2 (student level), we entered 

students’ inattention or hyperactivity/impulsivity rating uncentred (i.e., zero centered), since the 

rating scale has a valid and meaningful zero. Therefore, coefficients reflect relationship based on 

deviations from scores of zero (Nezleck, 2012), which reflects “average” on the SWAN rating 

scale. We entered the interaction between item type and either students’ inattention or 

hyperactivity/impulsivity. This interaction term allowed us to answer our research question and 

examine how inattention or hyperactivity/impulsivity may be related to the amount of time 

students spent viewing (gaze duration) or rereading (rereading) the inconsistent target words in 

each task. We also controlled for students’ grade level (entered uncentered for easier 

interpretation) as a measure of their age and vocabulary knowledge Extended Scale Score 

(entered grand-mean centered) at level 2. We controlled for grade level due to comprehension 

monitoring being developmentally sensitive, such that older students have stronger 

comprehension monitoring. Students’ grade level was recoded so that 3rd grade = -1, 4th grade = 



 

83 
 

0, and 5th grade = 1. We controlled for students’ vocabulary due to the association between 

vocabulary knowledge, such that students with stronger vocabulary knowledge generally have 

better comprehension monitoring. 

Analysis of Eye-Movement Data 

We started with 20 datapoints for each of the 117 students for a total of 2340 datapoints 

for each measure (gaze duration and rereading time) for each of the two eye-movement tasks. If 

a target word was not viewed or reread by a student or the eye-tracker did not register the student 

reading a word, the gaze duration or rereading time for that target word was recorded as zero. 

Gaze durations or rereading times that were longer than 2000 milliseconds were considered an 

outlier and excluded from the data analysis, following methodology used by previous researchers 

(Kim et al., 2018; Zargar et al., 2020). After removing the outliers, for the Word vs. Non-word 

task, we excluded 1.58% for gaze duration and 2.95% of the data for rereading time. For the 

Plausible vs. Implausible task, we excluded 0.56% for gaze duration and 0.73% for rereading 

time.  

Results 

In this study, we examined the relation between students’ inattention and 

hyperactivity/impulsivity and their comprehension monitoring. Descriptive statistics for 

students’ vocabulary scores, behaviors as rated by their teachers, and each of the eye-movement 

measures are provided in Table 2.1. The correlations between these measures are provided in 

Table 2.2. The students demonstrated a wide range on their inattentive and hyperactive/impulsive 

behaviors. Range of scores for inattention was -27 to 25 and for hyperactivity/impulsivity, it was 

-27 to 27. It is also noteworthy that the mean for each inattention and hyperactivity/impulsivity is 

less than zero, as expected from a generally typically developing sample of children. 
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We found a significant main effect of gender for both of the behavioral ratings, similar to 

previous research (e.g., Pham, 2011). More specifically, boys (M = 1.355, SD = 11.917) were 

rated higher on inattention than girls (M = -3.109, SD = 10.003), t(115) = -2.179, p = .031. Boys 

(M = 2.016, SD = 12.188) were also rated higher on hyperactivity/impulsivity than girls (M = -

4.873, SD = 8.982), t(115) = -3.443, p = .001. With respect to gaze duration, on average, students 

had a significantly longer gaze duration (in milliseconds) for non-words (M = 336.124, SD = 

192.308) compared to the control words (M = 223.813, SD = 122.929), t(116) = 8.461 , p < .001, 

and longer rereading time (in milliseconds) for non-words (M = 317.432 , SD = 246.145) 

compared to the control words (M = 120.911 , SD = 124.602), t(116) = 10.177 , p < .001. 

Similarly, students had a significantly longer rereading time for implausible words (M = 

100.200, SD = 113.848) compared to the control plausible words (M = 64.292, SD = 65.729), 

t(116) = -3.76, p < .001. However, their gaze duration for plausible (M = 201.129, SD = 126.037) 

and implausible words (M = 203.185, SD = 119.485) were not significantly different t(116) = 

0.191, p = .849, as noted in a previous study with the same sample of students (Zargar et al., 

2020). 

We examined students’ comprehension evaluation and regulation by comparing gaze 

duration and rereading time difference for the inconsistent words vs. the control words (i.e., 

inconsistency effect). For word-level comprehension monitoring, the inconsistent words were 

non-words and for sentence-level comprehension monitoring, implausible words were used. We 

investigated how students’ inattention and hyperactivity/impulsivity may be related to these 

parameters, controlling for students’ vocabulary knowledge and grade level. We provide the 

results by each aspect of comprehension monitoring. 
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Comprehension Evaluation (Gaze Duration) and Inattention 

Analysis of word-level comprehension evaluation revealed that students’ inattention level 

was not significantly related to their gaze durations for the target non-words (γ = -0.088, p = 

.936). See Table 2.3 and Figure 2.1 top. Analysis of sentence-level comprehension evaluation 

revealed similarly showed that students’ inattention level was not significantly related to gaze 

durations for the target implausible words (γ = -1.054, p = .298). See Table 2.3 and Figure 2.1 

bottom. These findings were contrary to our hypotheses and suggest that students with higher 

levels of inattentive behaviors are likely to detect word-level and sentence-level inconsistencies 

similar to their peers with lower levels of inattentive behavior, as evident by longer gaze 

durations for inconsistent words than control words. 

Comprehension Evaluation (Gaze Duration) and Hyperactivity/Impulsivity 

Analysis of word-level comprehension evaluation revealed that students’ 

hyperactivity/impulsivity level was not significantly related to their gaze durations for target 

non-words (γ = -0.563, p = .620). See Table 2.4 and Figure 2.2 top. Similarly, analysis of 

sentence-level comprehension evaluation revealed that students’ hyperactivity/impulsivity level 

was not significantly related to their gaze durations for target implausible words (γ = -0.437, p = 

.639).  See Table 2.4 and Figure 2.2 bottom. Contrary to our hypothesis, these results suggest 

that student with higher level of hyperactive/impulsive behaviors in the classroom likely detect 

word-level and sentence-level inconsistencies similar to their peers. 

Comprehension Regulation (Rereading Time) and Inattention  

For word-level comprehension regulation, analysis demonstrated that students’ 

inattention was not significantly related to their rereading time for non-words (γ = -1.294, p = 

.377). See table 2.5 and Figure 2.3 top. Similarly, analysis for sentence-level comprehension 
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regulation demonstrated that students’ inattention was not significantly related to their rereading 

time for implausible words (γ = -1.430, p = .076). See Table 2.5 and Figure 2.3 bottom. 

Together, these findings suggest that students with higher level of inattentive behaviors likely 

regulate their comprehension after being confronted by a word-level or sentence-level 

inconsistency, similar to their peers as evident by longer rereading times. 

Comprehension Regulation (Rereading Time) and Hyperactivity/Impulsivity 

For word-level comprehension regulation, analysis demonstrated that students’ 

hyperactivity/impulsivity was not significantly related to their rereading time for non-words (γ = 

-0.487, p = .728). See Table 2.6 and Figure 2.4 top. This suggests that student with higher 

behavioral ratings of hyperactivity/impulsivity were likely to regulate their comprehension after 

being confronted by word-level inconsistencies similar to their peers, as evident by longer 

rereading times for non-words than words. However, for sentence-level regulation, analysis 

demonstrated that higher level of hyperactivity/impulsivity was generally related to shorter 

rereading times for implausible words (γ = -1.738, p = .037). See Table 2.6 and Figure 2.4 

bottom. More specifically, each unit increase in students’ behavioral rating of 

hyperactivity/impulsivity was associated with a decrease of 1.738 milliseconds of rereading time 

for implausible words. This suggests that students with higher hyperactivity/impulsivity may be 

less likely to regulate their comprehension after being confronted with sentence-level 

inconsistencies. 

Discussion 

The current study examined how third through fifth grade students’ behavioral ratings of 

inattention and hyperactivity/impulsivity may be related to their online comprehension 

monitoring skills, after controlling for their grade level and vocabulary knowledge. We examined 
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comprehension evaluation (i.e., detecting a misunderstanding) and comprehension regulation 

(i.e., repairing the misunderstanding) when confronted with word-level and sentence-level 

inconsistencies. In general, the participating students were sensitive to the word-level 

inconsistencies by demonstrating longer gaze durations and rereading times and to the sentence-

level inconsistencies by demonstrating longer rereading times. The results of this study add to 

our knowledge about the relations between students’ individual differences and their 

comprehension monitoring skills in a few ways. The findings revealed no significant relations 

between students’ comprehension evaluation at either the word- or sentence-level and their 

inattention or hyperactivity/impulsivity levels. Moreover, the findings showed no significant 

relation between students’ comprehension regulation at either the word- or sentence-level and 

their inattention and no significant relation between comprehension regulation at the word-level 

and hyperactivity/impulsivity ratings. However, the findings demonstrated that higher 

hyperactivity/impulsivity rating was related to lower likelihood of comprehension regulation at 

the sentence-level, after controlling for students’ grade level and vocabulary knowledge. In other 

words, students with higher hyperactivity/impulsivity were found to attempt to regulate their 

comprehension at a lesser extent, after confronting sentence-level inconsistencies. This was 

demonstrated by a lower amount of time spent rereading the implausible words, on average. 

These findings and their implications for our understanding of comprehension monitoring skills 

are further discussed below. 

Comprehension Evaluation 

Studies that used traditional error-detection tasks generally found that students with 

weaker reading comprehension struggled with detecting inconsistencies in text (Garner, 1980; 

Garner & Taylor, 1982; Markman, 1977). In many of these studies, students were prompted to 
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evaluate the text, bringing the task to their conscious attention. However, more recent research 

using eye-movement methodology suggests that comprehension evaluation may be mainly 

unconscious and more automatic than originally believed, particularly for fifth grade students 

(Connor et al., 2015). Regardless of their reading comprehension skills and academic language, 

students have been found to be sensitive to inconsistencies, as apparent by slowing down and 

fixating on the inconsistent words for a longer amount of time (Connor et al., 2015; Zargar et al., 

2020). A skill is considered to be automatic when it its processing does not require direct 

attention (LaBerge & Samuels, 1974). The findings of the current study regarding 

comprehension evaluation are in alignment with this concept. Third through fifth grade students’ 

individual differences in behavioral ratings of inattentive or hyperactive/impulsive behaviors 

were not found to be related to their comprehension evaluation, when confronted with word-level 

(i.e., non-words) or sentence-level (i.e., implausible words) inconsistencies. We conjecture that 

this is due to the process of detecting inconsistencies being more automatic for this age-rage. 

Comprehension Regulation 

We found no significant relations between ratings of inattention and comprehension 

regulation, when students were confronted with either word-level or sentence-level 

inconsistencies. This suggests that behavioral inattention may not be related to the extent at 

which students engage in employing repair strategies, such as rereading, to regulate their 

comprehension. When examining comprehension regulation in relation with 

hyperactivity/impulsivity, we found varying results for word-level versus sentence-level 

comprehension monitoring. The data showed that hyperactivity/impulsivity was not related to 

word-level comprehension regulation, whereas these two constructs were significantly negatively 

related for sentence-level comprehension regulation. This further confirms that comprehension 
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monitoring may be more challenging for impulsive students when confronted with sentence-level 

inconsistencies (Stahl et al., 1986). This difference may be due to processing sentence-level 

inconsistencies being more challenging than word-level, and comprehension monitoring 

requiring increased processing demands when inconsistencies are distant from each other 

(Oakhill et al., 2005; Yuill et al., 1989). As suggested by Baker (1984), when confronted with 

word-level and sentence-level inconsistencies, different standards are required for 

comprehension monitoring: lexical and internal consistency, respectively. Children are more 

likely to apply a lexical standard spontaneously as it is easier to identify difficult or unfamiliar 

vocabulary words when reading (Garner, 1981). However, internal consistency, the standard 

needed for sentence-level inconsistencies, is found to be the most challenging and less frequency 

utilized (Baker 1984; Garner, 1981; Zabrucky & Moore, 1989). Monitoring for internal 

inconsistencies is more cognitively demanding, as it requires the reader to engage in a higher 

integration of the relevant information in text, constructive processing, and inference generation 

(Baker 1984; Oakhill et al., 2005; Rubman & Waters, 2000; Markman 1979). 

Similarly, other van den Broek and colleagues (2011) suggested that readers adopt 

specific standards of coherence when reading different texts – the type and strengths of 

coherence the reader aims to maintain, which reflect their desired level of understanding. In 

addition to characteristics of the text, individual differences of the reader such as working 

memory capacity, influence these standards (van den Broek et al., 2011). Thus, one explanation 

for our findings is that students with higher levels of hyperactivity/impulsivity were more likely 

employ lower-level standard of coherence (i.e., lexical standard) for their reading, rather than 

higher level of standards (i.e., internal consistency standard) that were necessary for sentence-

level inconsistencies. Therefore, these students may be more likely to aim for a “good-enough” 
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level of comprehension, which could be incomplete and inaccurate (Ferreira et al., 2002) without 

creating an elaborated situation model (van der Schoot et al., 2012). When the standards of 

coherence are not met through the automatic processes of reading, the reader needs to apply 

strategic processes to attain comprehension (i.e., regulating comprehension by applying repair 

strategies; van den Broek et al., 2011; van den Broek et al., 2005). Thus, another explanation is 

that students with higher levels of hyperactivity/impulsivity are less likely to engage or lack the 

knowledge and ability to employ reading strategies.  

In a study with third through fifth grade students, Walczyk & Hall (1989) found that 

impulsive students were less skilled in monitoring their comprehension (i.e., error detection) and 

after reading they were able to recall less information that was necessary for identifying 

inconsistencies, suggesting that they did not focus on the details. They similarly discussed that 

more impulsive students likely fail to adopt the appropriate reading strategy when reading. 

Walczyk & Hall (1989) claimed that impulsive students tend to prematurely stop their cognitive 

processing when reading or “give up too quicky”, which is likely due to not employing 

appropriate standards and strategic reading, in addition to their cognitive impulsivity (p. 297). 

After all, students who are identified as impulsive are less likely to pause and reflect – they tend 

to respond more quickly and with more errors (Lan et al., 1998; Shipman & Shipman, 1985). 

Therefore, it is not surprising for impulsivity to indicate deficits in self-monitoring and 

underperformance in comprehension monitoring, when it comes to reading comprehension. To 

reiterate, based on the findings of the current study and in alignment with previous studies, 

students with higher hyperactive/impulsive ratings tend to perform more poorly in monitoring 

their comprehension. However, what distinguishes them from their peers is what they do after 
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detecting an inconsistency, as they do not engage in comprehension regulation when confronted 

with sentence-level (internal) inconsistencies. 

Limitations and Future Directions 

This study has a few limitations that need to be considered when interpreting the results. 

The results we observed may have been because of the specific characteristics of this sample, 

which may not be generalizable to other third through fifth grade students. For example, the 

participating students had a lower-than-expected average on their reading comprehension scores. 

More specifically, the students scored at the 44th percentile on the standardized Gates-MacGinitie 

reading comprehension assessment, for which the expected mean in the 50th percentile. Students 

with stronger reading comprehension skills may demonstrate a weaker relation between 

comprehension monitoring and their attentive, hyperactive, or impulsive behaviors, as they might 

be more experienced in monitoring and regulating their comprehension. Furthermore, the sample 

of students participating in this study were typically developing and were not clinically 

diagnosed with ADHD. Therefore, we might have had limited variability in their inattention or 

hyperactivity/impulsivity scores impacting our results. Moreover, the results may not be 

generalizable for students with higher ratings of inattention, hyperactivity, or impulsivity. 

The eye-movement task used for assessing sentence-level comprehension monitoring, 

Plausible vs. Implausible task, might have not been appropriate for this age group. While on 

average students reread the implausible words longer than the plausible words, they did not 

demonstrate longer gaze durations for implausible words, as expected. This was contrary to the 

findings of previous researchers who developed this task for fifth graders (Connor et al., 2015). 

Thus, this task might have not allowed us to examine comprehension evaluation skills at the 

sentence-level properly. 
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Additionally, we utilized teachers’ ratings of students’ behavioral inattention and 

hyperactivity/impulsivity. Many previous studies have used similar rating scales provided by 

students’ parents or teachers. The rating system we utilized is an ecologically valid and reliable 

measure of students’ behaviors and provides researchers with a good understanding of typically 

developing students’ behaviors in the classroom. However, it might be limited for the purposes 

of examining the nuances of individual differences when it comes to comprehension monitoring 

skills. Students’ inattention, hyperactivity, or impulsivity ratings may have reflected general 

individual differences in the classroom context as perceived by their teachers relative to students 

of the same age. This may have differed from their behaviors when completing the 

comprehension monitoring assessment. To assess comprehension monitoring in this study, 

students read short passages on the computer screen independently in a quiet room with the 

presence of a research assistant, while their eye-movements were being recorded. Therefore, this 

context might have altered the level of their inattentive and hyperactive or impulsive behavior 

that might be otherwise apparent in the general classroom context with their peers and teacher.  

Based on what has been suggested regarding children with ADHD, children appear 

inattentive, hyperactive, or impulsive due to executive dysfunction that is caused by underlying 

impaired behavioral inhibition (Barkley, 1997). Thus, the results must be interpreted cautiously 

as we did not directly measure attention skills, but utilized students’ behavioral indicators that 

could be apparent due to inhibition control skills. Moreover, rating scales for attention may only 

allow us to capture a specific aspect of attention. To better measure students’ inattention or 

impaired behavioral inhibitory control (i.e., impulsivity) levels, future studies may utilize more 

direct measures by conducting various behavioral assessments. 
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Moreover, our analyses might have been more accurate if we controlled for students’ 

word reading or decoding ability. For example, in a previous study while working memory and 

eye-movement behaviors were found to be negatively correlated, it was elucidated that their 

relation was largely mediated by word reading skills (Kim et al., 2020). Students are mainly 

learning to read (i.e., developing decoding skills) until about the fourth grade when they shift to 

reading to learn from complex and content-specific texts (Chall, 1967). Therefore, considering 

our sample’s word reading skills in addition to their vocabulary knowledge, especially for the 

younger students, might have allowed for a more precise representation of their comprehension 

monitoring abilities when completing the eye-movement tasks. Nonetheless, it is noteworthy that 

when examining comprehension monitoring using the eye-movement tasks, we compared 

students’ gaze duration and rereading time for the inconsistent words to those of the control 

words. The inconsistent words had been created to be similar to the control words. For example, 

non-words and control words were matched on the number of letters, morphemes, and bigram 

frequency (Zargar et al., 2020). Similarly, the implausible and plausible words were matched on 

word length, number of syllables, and morphological complexity (Connor et al., 2015).  

Finally, it is important to note that this study was correlational and examined the relations 

between behavioral ratings of inattention and hyperactivity/impulsivity and comprehension 

monitoring. Thus, it does not allow us to conclude whether higher levels of 

hyperactivity/impulsivity may cause students to not properly regulate their comprehension. 

Moreover, this study does not elucidate whether and to what extent teaching students to monitor 

and regulate their comprehension by applying repair strategies may benefit students with higher 

hyperactivity/impulsivity. These topics necessitate further research. 
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Implications 

Recently, eye-movement methodology has become more advanced and accessible. These 

advancements allow for more precise and objective assessment of reading as well as 

metacognitive processes that are not necessarily conscious. This is especially essential for 

younger students and those who are more likely to struggle with reading comprehension, such as 

students with ADHD (Brock & Knapp, 1996). Students with mild difficulties may also be at risk 

of poor reading outcomes, but can be overlooked. In order to develop effective and 

individualized literacy interventions to help struggling readers, it is essential to further 

understand the underlying processes of reading comprehension and its relations with students’ 

individual differences. For example, examining different aspects of comprehension monitoring at 

different linguistic levels allows for understanding what might be more challenging for whom 

and what type of instruction might better target those skills. By the understanding that students 

with higher levels of hyperactivity/impulsivity might find regulating their comprehension when 

confronted with internal inconsistencies more challenging, we conjecture that these students 

could benefit from learning repair strategies and practicing applying them in different situations. 

The findings from this eye-movement study, along with our understanding from previous 

research and considering individual student characteristics that can interact with the development 

of reading comprehension proficiency, can help us as researchers and educators in designing 

curriculum and interventions. 
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Table 2.1 

Descriptive Statistics for Vocabulary Assessment, Teacher Ratings, and Eye-movement Measures 

Assessments & Teacher Ratings Mean SD Minimum Maximum 
Vocabulary 483.330 41.064 354 593 
Inattention -0.744 11.237 -27 25 
Hyperactivity/Impulsivity -1.222 11.295 -27 27 
Eye-movement Measures (Milliseconds) 
Gaze Duration for Words 223.813 122.929 10.000 647.600 
Gaze Duration for Non-words 336.124 192.308 0 999.330 
Rereading Time for Words 120.911 124.602 0 592.330 
Rereading Time for Non-words 317.432 246.145 0 1166.000 
Gaze Duration for Plausible Words 201.129 126.037 0 610.670 
Gaze Duration for Implausible 
Words 203.185 119.485 0 554.500 
Rereading Time for Plausible Words 64.292 65.729 0 384.900 
Rereading Time for Implausible 
Words 100.200 113.848 0 785.130 

Gaze Duration Difference for  
Non-words vs. Words 112.311 143.585 -208.200 734.430 

Rereading Time Difference for  
Non-words vs. Words 196.521 208.882 -150.430 1074.780 

Gaze Duration Difference for 
Implausible vs. Plausible Words 2.056 116.207 -587.370 298.100 

Rereading Time Difference for 
Implausible vs. Plausible Words 35.908 103.294 -191.500 444.700 

 
Note. N =117 for all measures. Gaze duration and rereading time difference were calculated by 

subtracting the average duration for control words from inconsistent words to examine the 

inconsistency effect. 
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Table 2.2 

Pearson Correlations Between Vocabulary Scores, Teacher Ratings of Inattention and 

Hyperactivity/Impulsivity, and Eye-movement Measures 

  1 2 3 4 5 6 7 

1. Vocabulary –       

2. Inattention -.282** –      
3. Hyperactivity/ 
Impulsivity -.198* .823** –     
4. Gaze Duration 
Difference for Non-
words vs. Words .131 -.003 -.037 –    
5. Rereading Time 
Difference for Non-
words vs. Words .247** -.101 -.06 .264** –   
6. Gaze Duration 
Difference for 
Implausible vs. Plausible 
Words .340** -.106 -0.043 .080 0.140 –  
7. Rereading Time 
Difference for 
Implausible vs. Plausible 
Words .238** -.166 -.201* .237* .315** .183* – 

 
Note. N = 117.  

** Correlation is significant at the 0.01 level (2-tailed).  

* Correlation is significant at the 0.05 level (2-tailed). 
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Table 2.3 

Gaze Duration for Target Words as a Function of Students’ Grade Level, Vocabulary, 

Inattention, and Inattention by Item type Interaction 

Fixed Effect  Coefficient 
 Standard 

Error  t-ratio 
 Approx. 

d.f.  p-value 
Word vs. Nonword Task 
For word targets, ψ0  
Fitted mean, γ00  223.907 11.468 19.525 113 <0.001 
Grade, γ01  0.345 17.466 0.020 113 0.984 
Vocabulary, γ02  -0.406 0.419 -0.971 113 0.334 
Inattention, γ03  -0.053 1.066 -0.050 113 0.960 
For non-word targets, ψ1  
Non-word, γ10  110.817 13.074 8.476 2184 <0.001 
Inattn X non-word, γ11  -0.088 1.097 -0.081 2184 0.936 
Plausible vs. Implausible Task 
For plausible targets, ψ0  
Fitted mean, γ00  200.675 10.928 18.363 113 <0.001 
Grade, γ01  4.321 14.000 0.309 113 0.758 
Vocabulary, γ02  -0.954 0.299 -3.194 113 0.002 
Inattention, γ03  -0.726 1.102 -0.658 113 0.512 
For implausible targets, ψ1  
Implausible, γ10  1.878 10.817 0.174 2208 0.862 
Inattn X Implausible, γ11  -1.054 1.012 -1.042 2208 0.298 

Random Effect 
Standard 
Deviation 

Variance 
Component   d.f. χ2 p-value 

Word vs. Nonword Task 
Intercept, u0 127.664 16298.186 113 528.561 <0.001 
Level-1, e 293.902 86378.640    

Plausible vs. Implausible Task 
Intercept, u0 89.939 8089.083 113 463.610 <0.001 
Level-1, e 227.764 51876.572       

 
Note. Inattn  = Inattention 
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Table 2.4 

Gaze Duration for Target Words as a Function of Students’ Grade Level, Vocabulary, 

Hyperactivity/Impulsivity, and Hyperactivity/Impulsivity by Item type Interaction 

Fixed Effect  Coefficient 
 Standard 

Error  t-ratio 
 Approx. 

d.f.  p-value 
Word vs. Nonword Task 
For word targets, ψ0  
Fitted mean, γ00  224.472 11.600 19.352 113 <0.001 
Grade, γ01  -0.690 16.961 -0.041 113 0.968 
Vocabulary, γ02  -0.375 0.398 -0.943 113 0.348 
Hyp/Imp, γ03  0.523 1.092 0.479 113 0.633 
For non-word targets, ψ1  
Non-word, γ10  110.164 13.069 8.429 2184 <0.001 
Hyp/Imp X non-word, γ11  -0.563 1.135 -0.496 2184 0.620 
Plausible vs. Implausible Task 
For plausible targets, ψ0  
Fitted mean, γ00  200.112 10.913 18.337 113 <0.001 
Grade, γ01  1.129 13.279 0.085 113 0.932 
Vocabulary, γ02  -0.870 0.278 -3.135 113 0.002 
Hyp/Imp, γ03  -0.596 1.019 -0.585 113 0.560 
For implausible targets, ψ1  
Implausible, γ10  2.157 10.739 0.201 2208 0.841 
Hyp/Imp X Implausible γ11  -0.437 0.932 -0.469 2208 0.639 

Random Effect 
Standard 
Deviation 

Variance 
Component   d.f. χ2 p-value 

Word vs. Nonword Task 
Intercept, u0 127.647 16293.811 113 528.477 <0.001 
Level-1, e 293.885 86368.457       
Plausible vs. Implausible Task 
Intercept, u0 90.441 8179.507 113 467.332 <0.001 
Level-1, e 227.831 51906.886       

 
Note. Hyp/Imp = Hyperactivity/Impulsivity 
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Table 2.5 

Rereading Time for Target Words as a Function of Students’ Grade Level, Vocabulary, 

Inattention, and Inattention by Item type Interaction 

Fixed Effect  Coefficient 
 Standard 

Error  t-ratio 
 Approx. 

d.f.  p-value 
Word vs. Nonword Task 
For word targets, ψ0  
Fitted mean, γ00  118.426 11.557 10.247 113 <0.001 
Grade, γ01  -11.900 18.989 -0.627 113 0.532 
Vocabulary, γ02  0.157 0.386 0.406 113 0.685 
Inattention, γ03  -0.577 1.004 -0.575 113 0.567 
For non-word targets, ψ1  
Non-word, γ10  188.149 18.186 10.346 2152 <0.001 
Inattn X non-word, γ11  -1.294 1.464 -0.884 2152 0.377 
Plausible vs. Implausible Task 
For plausible targets, ψ0  
Fitted mean, γ00  63.405 5.841 10.854 113 <0.001 
Grade, γ01  -8.365 7.352 -1.138 113 0.258 
Vocabulary, γ02  0.004 0.184 0.02 113 0.984 
Inattention, γ03  0.556 0.582 0.956 113 0.341 
For implausible targets, ψ1  
Implausible, γ10  34.408 9.297 3.701 2204 <0.001 
Inattn X implausible, γ11  -1.430 0.804 -1.778 2204 0.076 

Random Effect 
Standard 
Deviation 

Variance 
Component   d.f. χ2 p-value 

Word vs. Nonword Task 
Intercept, u0 133.551 17835.793 113 399.758 <0.001 
Level-1, e 365.583 133650.745       
Plausible vs. Implausible Task 
Intercept, u0 59.352 3522.624 113 290.487 <0.001 
Level-1, e 209.881 44050.055       

 
Note. Inattn = Inattention 
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Table 2.6 

Rereading Time for Target Words as a Function of Students’ Grade Level, Vocabulary, 

Hyperactivity/Impulsivity, and Hyperactivity/Impulsivity by Item type Interaction 

Fixed Effect  Coefficient 
 Standard 

Error  t-ratio 
 Approx. 

d.f.  p-value 
Word vs. Nonword Task 
For word targets, ψ0  
Fitted mean, γ00  117.361 11.356 10.335 113 <0.001 
Grade, γ01  -13.854 18.850 -0.735 113 0.464 
Vocabulary, γ02  0.202 0.374 0.540 113 0.590 
Hyp/Imp, γ03  -1.013 0.993 -1.020 113 0.310 
For non-word targets, ψ1  
Non-word, γ10  188.546 18.261 10.325 2152 <0.001 
Hyp/Imp X non-word, γ11  -0.487 1.401 -0.348 2152 0.728 
Plausible vs. Implausible Task 
For plausible targets, ψ0  
Fitted mean, γ00  63.583 5.716 11.123 113 <0.001 
Grade, γ01  -8.030 7.098 -1.131 113 0.260 
Vocabulary, γ02  -0.008 0.167 -0.051 113 0.960 
Hyp/Imp, γ03  0.471 0.603 0.782 113 0.436 
For implausible targets, ψ1  
Implausible, γ10  33.394 9.311 3.586 2204 <0.001 
Hyp/Imp X Implausible, γ11  -1.738 0.834 -2.084 2204 0.037 

Random Effect 
Standard 
Deviation 

Variance 
Component   d.f. χ2 p-value 

Word vs. Nonword Task 
Intercept, u0 133.334 17777.948 113 398.802 <0.001 
Level-1, e 365.656 133704.566       
Plausible vs. Implausible Task 
Intercept, u0 59.295 3515.872 113 290.331 <0.001 
Level-1, e 209.795 44013.786       

 
Note. Hyp/Imp = Hyperactivity/Impulsivity 
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Figure 2.1 

Gaze Duration Difference and Inattention 

 
 

 
 
Note. There were no significant relations between students’ gaze duration difference for non-

words vs. control words (top figure) or for implausible words vs. plausible words (bottom figure) 

and their behavioral rating of inattention. 



 

111 
 

Figure 2.2 

Gaze Duration Difference and Hyperactivity/Impulsivity 

 

 
 
Note. There were no significant relations between students’ gaze duration difference for non-

words vs. control words (top figure) or for implausible words vs. plausible words (bottom figure) 

and their behavioral rating of hyperactivity/impulsivity. 
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Figure 2.3 

Rereading Time Difference and Inattention 

 
 

 
Note. There were no significant relations between students’ rereading time difference for non-

words vs. control words (top figure) or for implausible words vs. plausible words (bottom figure) 

and their behavioral rating of inattention. 
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Figure 2.4 

Rereading Time Difference and Hyperactivity/Impulsivity 

 
 

 
 
Note. There were no significant relations between students’ rereading time difference for non-

words vs. control words and their behavioral rating of hyperactivity/impulsivity (top figure).  

In general, students with higher levels of hyperactivity/impulsivity had a lower rereading 

difference for implausible words vs. plausible words (bottom figure). 
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CHAPTER 4: Study 3 

 Effects of The Word Knowledge E-Book Intervention on Children’ Word 

Knowledge, Comprehension Monitoring, and Eye-Movements 

Effective reading comprehension is not only essential for students’ success in their 

academics, but it is also important across their lifespan and for their success in the future 

workforce (Conley & Wise, 2011). Unfortunately, however, according to the recent assessments 

of students’ reading achievement in the United States, about 65% of students do not reach a 

proficient level of reading in fourth grade and this trend persists at eighth grade (NAEP, 2019). 

This reoccurring finding has led many researchers to further examine the underlying processes of 

reading comprehension and to work towards developing effective interventions for struggling 

students in elementary school, as student start learning to read from content-specific texts (Chall, 

1967). Reading comprehension is a complex activity that requires the coordination of many 

interacting and reciprocal processes that develop over time (Connor et al., 2014). Therefore, 

when developing interventions, we as researchers and educators need to target the specific 

processes that may be the most challenging, yet malleable, for struggling students to master.   

Theory of Reading Comprehension  

As noted by Schneider (1988), reading comprehension has traditionally been considered a 

cognitive task, and research in this area has mostly focused on how comprehension skills are 

related to cognitive processes, such as language, memory, and attention. The Simple View of 

Reading (Hoover & Gough, 1990), which conceptualizes reading comprehension as the product 

of decoding ability and linguistic comprehension, has functioned as one of the foundational 

theories of research in reading comprehension. However, starting in the late 1970s with the 

emergence of metacognitive theory, researchers have examined the important role of readers’ 
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metacognitive skills or their awareness and control of their cognitive processes in effective 

reading comprehension (e.g., Baker & Brown, 1984; Forrest-Pressley & Gillies, 1983).  

The Lattice Model of Reading Comprehension Development (Connor, 2016) suggests 

that children’s development of reading comprehension is a function of the interacting, reciprocal, 

and bootstrapping effects of (1) text-specific, (2) linguistic, and (3) social-cognitive processes; 

all of which develop over time and interact with the instruction children receive. Text-specific 

processes are the skills necessary for the act of reading and writing, such as orthographic 

knowledge, decoding, encoding, and word and text fluency. Linguistic processes include the 

lexical system, specifically word knowledge and use, and more complex characteristics of the 

linguistic system, such as syntax (grammar), morphology, vocabulary, and the semantic system 

(understanding and expressing meaning) including academic knowledge. Finally, social-

cognitive processes included in the Lattice Model are the regulatory processes that are involved 

in learning. These processes, including self-regulation, motivation, and metacognition, are 

essential in students’ management of their own learning within the social and cognitive 

environment of classrooms. Explicit instruction of many of these skills supports effective reading 

comprehension (Connor, 2016), while these processes and skills interact with the instruction 

students receive in the context of their classrooms, homes, and other social groups (e.g., 

Bronfenbrenner, 1989). Metacognition consists of the conscious awareness of mental operations 

and the potential to regulate them as needed (i.e., the ability to evaluate and regulate cognitive 

processes; Efklides & Misailidi, 2010). The metacognitive skill essential for proficient reading 

comprehension is called comprehension monitoring (Kinnunen & Vauras, 2010). 
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Comprehension Monitoring 

Comprehension monitoring – an essential and inseparable part of reading comprehension 

(Kinnunen et al., 1998) – is the conscious and unconscious strategies that the reader uses to 

identify and repair misunderstandings that may occur while reading (Connor et al., 2015). 

Monitoring comprehension is a metacognitive task as it requires the readers to shift their 

attention from the actual act of meaning construction to the ongoing comprehension process 

itself (Kinnunen et al., 1998). Through monitoring their comprehension, readers gain feedback 

regarding their understanding and employ repair strategies to facilitate comprehension. Thus, 

having effective monitoring skills and the ability to self-check and self-correct using appropriate 

repair strategies is necessary for successful reading comprehension (Cain et al., 2004; Kim, 

2017; Strasser & del Rio, 2014; Winograd & Johston, 1982). 

Comprehension monitoring is generally considered to consist of two metacognitive 

elements: evaluation and regulation (e.g., Baker, 1984; 1989). Comprehension evaluation can be 

considered a calibration process (Bol & Hacker, 2012) – the ability to judge one’s own 

comprehension or identify if there has been a comprehension breakdown. Stated more simply, 

evaluation is the ability of the reader to know when they are understanding text and when they 

are not. Comprehension breakdowns may occur due to encountering unfamiliar words, 

information that violates the readers’ existing knowledge, or contradictory information within a 

passage (e.g., Baker, 1984; Kinnunen & Vauras, 2010). As Baker and Beall (2009) highlighted, 

identifying these different types of inconsistencies requires the reader to apply different 

standards of evaluation: lexical, external consistency, and internal consistency, respectively, 

which demand different cognitive processes. Therefore, comprehension evaluation occurs at 

different levels of the linguistic structure such as the word-level and sentence-level (Nagy, 
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2007). Word-level comprehension evaluation refers to when the reader notices an unfamiliar 

word and sentence-level comprehension evaluation refers to when then reader notices an 

implausibility in the global content of the text (Zargar et al., 2020). 

After comprehension has been evaluated, if a breakdown is identified, readers may 

regulate their comprehension by employing reading comprehension repair strategies. 

Comprehension regulation seems to be a more conscious process than comprehension evaluation, 

is more challenging, and distinguishes students with stronger academic language skills (Connor 

et al., 2015). Many young readers lack the knowledge or ability to engage in employing repair 

strategies (Connor et al., 2015; Myers & Paris, 1978; Paris & Myers, 1981; Wagoner, 1983). In 

some situations, repair strategies are as simple as deciding to slow down reading, to reread the 

text, or to stop to think or to search from memory (e.g., Kinnunen et al., 1998; Paris et al.,1983). 

Other strategies that may help regulate comprehension include finding the main ideas (Jenkins et 

al., 1987), summarization (Bransford et al., 2000), and generating questions (Rosenshine et al., 

1996). Another set of important repair strategies are word learning strategies (Perfetti & Stafura, 

2014), such as using context clues or the dictionary, which are particularly effective when 

confronted with unfamiliar words. 

Comprehension monitoring plays an important role in reading comprehension. Yet, many 

students are not able to effectively monitor their understanding (e.g., Markman, 1979). Previous 

research has demonstrated that many students struggling with proficient reading comprehension 

may lack effective comprehension monitoring (e.g., August et al., 1984; Cain et al., 2004; 

Oakhill et al., 2005; Paris & Myers, 1981; Rapp & van den Broek, 2005; Yuill & Oakhill, 1991; 

Yuill et al., 1989). Researchers have suggested this deficit could be due various reasons, such as 

reduced metalinguistic awareness or the limited information-processing capabilities of young 
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readers (Ruffman, 1996), not constructing an accurate situation model (Markman 1977; 1979; 

Rubman & Waters, 2000; van der Schoot et al., 2012), and not engaging in regulating 

comprehension using repair strategies (Connor et al., 2015; Garner & Reis, 1981; Gersten et al., 

2001; Wagoner, 1983). Therefore, working to improve comprehension monitoring is one of 

many important targets for interventions to improve reading comprehension. 

The intervention described in this manuscript will focus specifically on two elements of 

comprehension monitoring: word knowledge calibration and comprehension strategy instruction. 

Word knowledge calibration is the reader’s conscious awareness of his/her word knowledge or 

the ability to judge how well he/she knows the meaning of a word (Connor et al., 2019). 

Considering the critical role of vocabulary and semantic knowledge in reading comprehension 

(Carroll, 1993; Connor, 2016; Kim, 2016), word knowledge calibration is likely especially 

important for successful word-level comprehension monitoring. As Connor and colleagues 

(2019) emphasized, word knowledge calibration is an essential aspect of comprehension 

monitoring, since in order to repair a misunderstanding, first readers need to correctly evaluate 

whether they know the meaning of a word. Only after recognizing that they have encountered an 

unfamiliar word, they will employ repair strategies to regulate their comprehension. Thus, being 

able to correctly judge one’s own knowledge of each word while reading is crucial in monitoring 

comprehension. More proficient readers are more accurate in judging their own comprehension 

(Maki & Berry, 1984). More specifically, word knowledge calibration and reading 

comprehension are found to be closely related, such that elementary school aged students with 

stronger word knowledge calibration tend to also have stronger reading comprehension skills, 

and those who overestimate their word knowledge tend to show weakest comprehension skills 

compared to their peers (Connor et al., 2019). However, this relation might be more complex. 
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Connor and colleagues (2019) also found that students with strong word knowledge calibration 

and strong word knowledge generally had stronger reading comprehension, while those with 

strong word knowledge calibration but low word knowledge generally demonstrated weaker 

reading comprehension skills. Therefore, improving word knowledge calibration without also 

improving word knowledge may not support stronger comprehension skills. This is parallel with 

the Lattice Model (Connor, 2016) suggesting that improving multiple domains simultaneously is 

generally more effective than focusing exclusively on one skill.  

The second focus of the intervention described here is comprehension strategies. As 

readers navigate a text and engage in reading for understanding, they adopt standards of 

coherence, a set of implicit or explicit criteria for comprehension of the particular text, which 

reflect their desired level of understanding (van den Broek et al., 2011). Standards of coherence 

may vary between individuals due to individual developmental and cognitive differences, and 

also within individuals from one comprehension situation to next. These standards may influence 

the execution of automatic and strategic processes that occur during comprehension. In some 

situations, automatic or memory-based processes are often sufficient in attaining the desired 

level of comprehension, for example when a reader is able to comprehend a text without needing 

to engage in effortful processes. However, when the activations resulting from the automatic 

processes do not yield adequate coherence, the reader’s strategic processes are initiated until the 

satisfactory coherence is reached (van den Broek et al., 2011). Thus, it is important to teach 

students strategic reading or effective reading comprehension strategies to keep in their 

“toolbox” to employ when necessary in different situations (van den Broek et al.,2005). In other 

words, a skilled reader who is effectively monitoring his/her comprehension habitually checks 

for understanding while reading. Once a misunderstanding is detected, the effective 
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reader utilizes a repair strategy. Therefore, as an aspect of effective comprehension monitoring, it 

is also crucial for students to know how to remedy misunderstandings as they arise using repair 

strategies.  

Examining Online Comprehension Monitoring 

To investigate how well readers monitor and regulate their comprehension, many 

researchers have used error detection tasks – which involve reading passages with 

inconsistencies of many types and examining participants’ reactions (e.g., Baker, 1979; Danner, 

1976; Markman, 1977; Markman, 1979). In many of these, participants were provided with 

probe questions regarding the errors or were asked to read or think aloud. These traditional 

methods tend to provide distractions from a secondary task which may interfere with the 

automatic and natural comprehension processes (Kinnunen & Vauras, 2010). Therefore, 

assessing comprehension monitoring requires methodology that limits distractions and allows for 

examining processes that are not necessarily fully conscious acts or not yet completely 

developed but are more automatic (Hessel et al., 2020). For many years, psychological 

researchers have considered eye movements to reflect cognitive processes. As early as 1928, 

researchers considered utilizing eye-movement methodology to examine reading processes 

(Tinker, 1928) – due to the close relation between the amount of time one spends viewing a 

linguistic unit and the cognitive effort needed for processing it. Metacognitive experiences are 

what one experiences online, during a cognitive task; thus, when assessing comprehension 

monitoring concurrent to reading (e.g., using eye-movement methodology), this skill is referred 

to as online comprehension monitoring. Eye-movements allow for capturing moment-to-moment 

processing in reading (Rayner, 1998; Kim et al., 2018). 
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There are a number of eye-movement parameters representing different aspects of 

reading behavior at the stages of early and later processing when reading (Zawoyski et al., 2015). 

In the current study, we examine two oculomotor measures that have been used to examine 

comprehension monitoring when readers are confronted with inconsistent words: Gaze duration 

and rereading time for inconsistent words (Connor et al., 2015; Zargar et al., 2020). Gaze 

duration (also known as first-pass reading time; Kim et al., 2018) is the total duration of eye 

fixations within a word before the eye leaves it and it reflects lexical access or decoding (Rayner, 

1998). Rereading time is defined as the amount of time spent on the word after leaving it for the 

first time and it reflects higher-order processes such as post-lexical integration of meaning at the 

sentence level and construction of a situation model (Kim et al., 2018; Radach & Kennedy, 2004; 

2013). These eye-movement measures are found to be sensitive to inconsistencies, such that 

readers tend to have longer fixation duration and more regressions when confronted with 

difficult texts or those that contain ambiguity (e.g., Ashby et al., 2005; Binder et al., 2001). 

Moreover, more proficient readers are found to spend a longer time viewing and rereading 

inconsistencies (e.g., Connor et al., 2015). Therefore, these two parameters, gaze duration and 

rereading time, have been used to examine the two aspects of comprehension monitoring, 

comprehension evaluation and regulation respectively, for readers as young as second graders 

(Kim et al., 2018). Spending more time viewing and rereading inconsistencies generally implies 

that the reader has identified them and has attempted to repair the misunderstandings (Connor et 

al., Kim et al., 2018). Thus, online comprehension monitoring may be examined at the word- and 

sentence-level by embedding different types of inconsistent words in passages, similar to 

traditional error detection tasks. Word-level inconsistencies may be caused when confronted with 
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an unfamiliar word and sentence-level inconsistencies may be caused by an implausible word 

that is contextually contradictory within the context (Kinnunen & Vauras, 1995; 2010). 

Interventions to Improve Comprehension Monitoring   

Previous research has demonstrated that focused strategy instruction can bring about 

change in comprehension monitoring and strategy use (Guthrie et al., 2000; Lau & Chan, 2007; 

McNamara et al., 2004; Rubman & Waters, 2000; Wassenburg et al., 2015; Wu et al., 2021; 

Yuill & Oakhill, 1988), although the extent to which this strategy use then generalizes to 

improved reading comprehension of novel texts remains unclear (Brown et al., 1996; Rosenshine 

& Meister, 1994; Yuill & Oakhill, 1988). Most similar to the work reported here, Wassenburg 

and colleagues (2015) aimed to teach third and fourth graders comprehension monitoring 

utilizing a 4-week reading strategy training targeted on improving students’ evaluative and self-

regulatory strategies. Students’ comprehension monitoring at pre and post-test were measured 

using an inconsistency-detection test and reading times on the target sentences were measured 

using the self-paced moving window method (used by other researchers e.g., Just et al., 1982). 

Fourth graders in their study showed significant improvement in their inconsistency-training 

performance, as students in the treatment group demonstrated a larger inconsistency effect such 

that they had slower reading times for inconsistent sentences than consistent target sentences, 

compared to students in the control group. A similar effect was not detected among third graders, 

suggesting that comprehension monitoring is developmentally sensitive and that younger 

children as less-experienced readers may not be able to employ repair strategies spontaneously. 

Other work exploring comprehension monitoring in this age group suggests that this is a critical 

period for intervention with comprehension monitoring skills as children may be entering an 

appropriate developmental stage to employ such strategies effectively (Zargar et al., 2020). One 
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promising avenue for reading comprehension intervention has been to use technology-mediated 

tools, such as interactive e-books, to help students in improving their reading comprehension 

skills (Adams et al., 2018; Doty et al., 2001; Gonzalez, 2014; Pearman, 2008; Proctor et al., 

2007; Yang et al., 2020). However, few e-book interventions have focused on teaching 

comprehension monitoring to students or they do not examine this skill using precise 

methodology by employing eye-movement technology. To this end, the current study aims to 

examine the effects of an interactive e-book (Word Knowledge e-Book [WKe-Book]; Connor et 

al., 2019) on student’s comprehension monitoring.  

Word Knowledge E-Book (WKe-Book)  

The Word Knowledge E-Book (WKe-Book; Connor et al., 2019) aims to improve 

students’ reading comprehension by targeting text-specific (e.g., reading fluency), linguistic 

(e.g., word knowledge), and cognitive and metacognitive processes (e.g., word knowledge 

calibration and strategy use). This was achieved in different ways, for example by embedding 

unfamiliar vocabulary and reading comprehension questions, supporting sustained independent 

reading, and encouraging students to monitor their own comprehension and to use word learning 

repair strategies. The current study aims to investigate the extent to which reading the WKe-

Book may influence third through fifth grade students’ online comprehension monitoring at the 

word- and sentence-level, in addition to their word knowledge, word knowledge calibration, and 

strategy use.  

The Word Knowledge E-Book (WKe-Book) is a fictional story titled “The Dragon’s Lair: 

The Story of the Scarlett Square” (McDonald, 2012) and consists of six chapters and 14 different 

story streams. It was designed for third through fifth grade students to be read on iPads. To 

encourage engagement, motivation, and sustained independent reading, utilizing the affordances 
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of technology, the WKe-Book was designed as a choose-your-own adventure fictional story, 

where students choose the names of the characters and they are required to make decisions about 

the direction of the story plot while reading. To support development of word knowledge, 

the WKe-Book purposely includes many target vocabulary words that are likely unfamiliar for 

students of this age group. Some of the decision pages, however only have one plausible choice, 

where the other implausible choice would lead the story’s characters to a dead-end, requiring the 

reader to reread the previous pages before making a better decision. The WKe-Book also 

includes embedded vocabulary and reading comprehension questions, which upon 

answering, provides students with immediate feedback. In the case that students do not choose 

the correct answer, they are required to reread relevant pages before choosing the correct option. 

The WKe-Book also promotes the use of repair strategies, specifically word learning strategies, 

such as dictionary use, morphemic analysis of words, and contextual analysis. Connor and 

colleagues (2019) suggested that through these features, reading the WKe-Book helps students in 

becoming more intentional about monitoring their comprehension and the use of repair 

strategies. (For more information on the design and development of the WKe-Book, please see 

Connor et al., 2019.)  

In addition to reading the WKe-Book independently, students participate in weekly book 

club sessions for this intervention, which consist of small groups of students managed by trained 

research teachers (research assistants who are also certified teachers). In these sessions, the 

targeted word learning and repair strategies (i.e., dictionary use, morphemic analysis of words, 

and contextual analysis) are taught and students are encouraged to use these strategies when 

encountering unfamiliar words to facilitate reading for understanding.  
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Upon developing the WKe-Book, Connor and colleagues (2019) conducted a randomized 

controlled trial (RCT) using a delayed treatment design to assess the effectiveness of the WKe-

Book for students in third through fifth grade, while randomly assigning students within each 

classroom to also participate in book club sessions to assess its effectiveness. Their findings 

suggested a significant treatment effect of the WKe-Book on students’ word knowledge, word 

knowledge calibration, and strategy use, which predicted their performance on standardized 

reading comprehension and vocabulary assessments, supporting the Lattice Model (Connor, 

2016). Their results further suggested that students who participated in the weekly book clubs 

demonstrated greater effects, compared to their peers who only read the WKe-Book 

independently (Connor et al., 2019). 

Current Study  

While the previous RCT demonstrated a significant effect of reading the WKe-Book on 

students’ word knowledge calibration using a written assessment, the effects of this intervention 

on students’ online comprehension monitoring remain unclear. The processes of comprehension 

evaluation and regulation may not be completely conscious due to their metacognitive nature. 

Therefore, utilizing eye-movement methodology, we were able to examine students’ monitoring 

behaviors more precisely. Moreover, the extent to which students’ sentence-level comprehension 

monitoring (e.g., when confronted with implausibility in the global context of a text) may be 

impacted after participating in WKe-Book necessitates further investigation. 

This study adds to the literature in three ways. Firstly, utilizing an RCT, this study aims 

to replicate the findings of the previous study (Connor et al., 2019) by examining the impact of 

participating in the WKe-Book intervention in a different sample of third through fifth graders on 

their word knowledge, word knowledge calibration, and strategy use. Considering that attending 
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weekly book club sessions enhanced students’ technology-based learning, in this iteration we 

decided that all students would participate in book club in addition to reading the WKe-

Book. Secondly, this study aims to investigate the extent to which students’ online 

comprehension monitoring skills, at the word- and sentence-level, may be impacted after 

participating in the WKe-Book intervention, compared to their peers in the delayed treatment 

control group. Finally, this study employs eye-tracking methodology not only as a manner of 

describing comprehension monitoring performance, but also to determine if change due to an 

intervention can be detected via changes in eye movement behaviors (i.e., gaze duration and 

rereading time). The following research questions were addressed.  

To what extent does participating in the WKe-Book intervention (reading the WKe-Book 

and attending weekly book clubs) impact   

1. Students’ word knowledge compared to the control group?   

2. Students’ word knowledge calibration compared to the control group?  

3. Students’ strategy use compared to the control group?  

4. Students’ online comprehension monitoring (comprehension evaluation or regulation 

when confronted with word- or sentence-level inconsistencies) compared to the control 

group? 

Based on the previous study examining the effects of reading the WKe-Book, we 

hypothesize that students who received the WKe-Book intervention will demonstrate stronger 

word knowledge, word knowledge calibration, and strategy use compared to their peers in the 

control group. We also conjecture that the students in the treatment group are more likely to 

evaluate and regulate their comprehension both at the word- and sentence-level, and that this will 

be detectable with eye-tracking methodology as evidenced by a longer gaze duration and 



 

127 
 

rereading time for the target inconsistent words compared to the control words (i.e., increased 

inconsistency effects). 

Method 

Participants 

Students (n = 129) from six third through fifth grade classrooms (2 classrooms per grade 

level) attending a charter elementary school in Arizona were invited to participate in this study. 

Of the 129 students, one student’s parents declined to provide us with consent for participation, 

three students withdrew from the study, one student was unable to complete the assessments due 

to weak decoding skills, and 13 students did not complete all the assessments at the two time 

points. Thus, the analytic sample for this study included data from 111 students. The 111 

students (M age = 9.85 years, SD = 0.93, range = 8.17-12.17 years) were from two third-grade 

classrooms (n = 41), two fourth-grade classrooms (n = 37), and two fifth-grade classes (n = 33). 

The students in one classroom per grade level were randomly assigned to either the immediate 

treatment group (n = 57) or to the delayed treatment control group (n = 54). This sample 

consisted of 58% identifying as White, 18% African American, 13% Hispanic, 9% Asian, with 

the remaining belonging to other ethnicities. Approximately 53% of the sample were boys. For 

demographic information of participants according to their intervention group membership, see 

Table 3.1. On average, students scored at approximately the 44th percentile on the Gates-

MacGinitie (MacGinitie et al., 2002) standardized reading comprehension assessment and at the 

52nd percentile on the vocabulary assessment at the pre-test, prior to the start of the intervention. 

Design and Procedures 

This study utilized a delayed-treatment design, where one class from each grade level 

was randomly assigned to the immediate treatment group to receive the WKe-Book intervention 
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first (cohort 1), or to the delayed treatment group to receive the intervention after the first group 

was done (cohort 2). Students were assessed at three time points: Once before Cohort 1 started 

the intervention (phase 1), once after cohort 1 finished the intervention and before cohort 2 

started (phase 2), and finally once after cohort 2 finished the intervention (phase 3). Therefore, 

for this randomized controlled trial, we are utilizing assessments at phase 2 to examine the 

treatment effects of the WKe-Book for the immediate treatment group compared to the delayed 

treatment control group. Thus, for the purposes of this study, we refer to the immediate treatment 

group as the “treatment group”, the delayed treatment group as the “control group”, phase 1 

assessments as “pre-test”, and phase 2 assessments as “post-test”. See Figure 3.1.  

Students were assessed on their knowledge of the target words included in the WKe-

Book, their word knowledge calibration, and their strategy use using the same paper assessments 

that were developed and used in the previous RCT examining the effect of reading WKe-Book 

on students’ reading skills (Connor et al., 2019). Students were also assessed on their online 

comprehension monitoring skills at the word- and sentence-level using eye-movement 

methodology previously developed and utilized (Connor et al., 2015 & Zargar et al., 2020). Due 

to a time limitation however, word knowledge calibration and strategy use were not assessed at 

pre-test. During the three-week intervention, students were pulled out of their classrooms to meet 

with interventionists in small groups (average of 5 students) to read the WKe-Book and 

participate in book club sessions for 20-30 minutes three days per week. Each class was divided 

into approximately 5-6 small groups and trained interventionists met with two groups per day. 

Measures 

Word Knowledge 
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Participants were assessed on their knowledge of the target words introduced in the 

WKe-Book using the Word Knowledge Task (Connor et al., 2019). Target words were likely 

familiar vocabulary words to third through fifth grade students that were intentionally used in the 

story to trigger inconsistencies and to necessitate utilizing repair strategies to regulate 

comprehension. It is noteworthy, however, that because of the choose-your-own adventure 

format of the WKe-Book and the different story streams with different target words, not all 

students were exposed to all the specific target words on this assessment.  

The word knowledge assessment includes three subtests: Matching, What’s the Meaning 

of This?, and Let’s Figure it Out. The Matching subset requires the students to match each target 

word with its corresponding definition from three choices (e.g., Dilemma; (a) a problem, (b) 

predicament, (c) quandary). This subtest includes 10 items and each item is worth 1 point. Each 

item in the What’s the Meaning of This? subtest provides a sentence that includes a target word 

and requires the student to choose the target word’s synonym from three different choices (e.g., 

The test was very hard. Jill had to cogitate about many of the answers; (a) cry, (b) think, (c) 

laugh). This subtest also includes 10 items and each item is worth 1 point. Each item in the Let’s 

Figure It Out subtest provides a sentence that includes a target word and requires students to 

write out the definition of the underlined word (e.g., The puppies were so boisterous they were 

licking and crawling all over the babies.). In this subtest, there were five items worth three points 

each. For each of their definitions, students received a zero if their definition was not related to 

the target word; one point if they wrote a one-word definition that was relevant to the broader 

meaning of the target word; two points if their definition was close to the correct dictionary 

definition of the word but not complete; and three points if their definition was correct and 

complete. In addition to examining students’ scores on each of these subtests, we examined their 
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total word knowledge score by summing up their scores across the three subsets. This included a 

total of 28 items with a maximum score of 35 points. 

Word Knowledge Calibration and Strategy Use 

Students’ word knowledge calibration and their knowledge of the specific repair 

strategies introduced in the WKe-Book intervention (strategy use) were examined using Connor 

and colleagues’ (2019) Comprehension Monitoring Task. The reliability for scoring this 

assessment was acceptable with an alpha equal to 0.87. This paper assessment included written 

included of seven items, with each consisting of 4 sections. When completing this assessment 

students were given a 30-minute time limit. Each item provides the student with a short passage 

that includes a target word, likely unfamiliar for students in third through fifth grade (e.g., 

circumnavigate). After the students are asked to read the passage, they are required to circle the 

words they do not know in the given passage. Then they are prompted to answer four 

comprehension questions regarding the passage. The first question prompted the students to 

write a good title for the passage. This item was initially designed to assess students’ 

summarization skills but it was not utilized in the current study.  

Word Knowledge Calibration. Question 2 and 3 together allowed us to examine 

students’ word knowledge calibration. Question 2 asked students about the target word in the 

passage: “Do you know what circumnavigate means? Circle one: yes, kind of, no”. This item 

was designed to assess students’ word knowledge confidence by asking them to judge their own 

word knowledge. The third question prompted students to define the target word: “What do you 

think circumnavigate means?” This item was designed to assess students’ knowledge of the 

target words. Definitions provided were given a score of zero to two. Definitions that were not 

related to the target word received a score of zero, definitions that were related to the target word 
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but did not completely provide the specific meaning received a score of one, and complete 

definitions of the target word received a score of two. To assess word knowledge calibration, 

similar to Connor and colleagues (2019), we compared students’ self-reports of how well they 

thought they knew the word (yes, kind of, no) and how accurately they were able to define each 

target word (definitions scored 0 to 2 points) and created five binary variables to represent 

different aspects of calibration. See Table 3.2. Three of these variables represent strong word 

calibration: accurate self-report of how well one knows a word. These include: (1) “Knows; 

Correctly defines” – when students reported they knew the word and they were able to correctly 

define the word; (2) “Kind of knows; Partially defines” – when students reported they kind of 

knew the word and they were able to partially define the word; and (3) “Does not know; Does 

not define” – when students correctly reported they did not know the word and they were not 

able to correctly define it. The other two variables included “overestimate” – when students 

reported they knew or kind of knew the target word but they only partially defined the word or 

were not able to correctly define it, and “underestimate” – when students reported they kind of 

knew the word or they did not know the target word but were able to correctly or partially define 

it.  

Strategy Use. The fourth question asked “How did you figure out what the word 

means?”. This item was designed to assess knowledge and the intentional use of word learning 

and other repair strategies. If students did not provide a formal repair strategy by leaving this 

question blank or if they wrote “I don’t know”, or “I guessed”, they received a score of zero. If 

they named at least one strategy (i.e., using context clues, prefix or suffixes, word structure or 

history, using the dictionary) they were given a score of one. 

 



 

132 
 

Comprehension Monitoring 

The two aspects of comprehension monitoring (comprehension evaluation and 

regulation) were examined by measuring students’ gaze duration for target words (amount time 

students viewed the words for the first time) and by measuring their rereading time for target 

words (amount of time students reread the words), respectively. We assessed comprehension 

monitoring at the word- and sentence-level by utilizing the two eye-movement tasks: The Word 

vs. Non-word task (Zargar et al., 2020) and the Plausible vs. Implausible task (Connor et al., 

2015). Each task consisted of 20 items and each item consisted of a control version (i.e., a 

control word or a plausible word) or an inconsistent word (a non-word or an implausible word).  

Each item in the Word vs. Non-word task consisted of a simple sentence that included either a 

word or non-word (or pseudoword). For example, “Rosita climbed the mountain/floggorn in the 

morning”. See Zargar et al., 2020 for more details regarding this task. Each item in the Plausible 

vs. Implausible task consisted of a pair of simple declarative sentences that included either a 

plausible or implausible word in the second sentence. For example, “Every day Rover barked at 

the passing animals on the street. He was the most alert puppy/kitten in the neighborhood.” See 

Connor et al., 2015 for more details regarding this task. This task was initially developed and 

utilized to assess fifth grade students’ comprehension monitoring. While each task contained 20 

items, there were two different forms of the tasks created so that each child read 10 control items 

and 10 inconsistent items for each task. At pre-test, 60 students were randomly given Form A 

and 51 students were given From B. At post-test, students were assessed using the form that they 

had not received at pre-test. 

Students were assessed individually twice at pre-test and post-test in a quiet room and 

were asked to read each sentence for understanding and proceed to next item by making a mouse 
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click when ready. Students were seated 66-72 cm from the screen and completed a 5-point 

calibration process by moving a dot on the display monitor with their eyes before starting. 

Students’ eye-movements were recorded using a 17-inch Tobii T-120 eye-tracker monitor with a 

display resolution of 1280×768 pixels and a data rate of 120 Hz. No chin or forehead rest was 

used. We utilized Tobii Studio software version 3.3.2.1150, and the default Tobii I-VT fixation 

filter, with a window length of 20 ms, a velocity threshold of 30 degrees/second, a minimum 

fixation duration of 60 ms (to discard fixations shorter than 60 ms), and a maximum time 

between fixations of 75 ms with a 0.5 maximum angle between fixations (to merge adjacent 

fixations). 

Analytic Strategy 

To examine the extent to which participating in the WKe-Book impacted students’ word 

knowledge, word knowledge calibration, strategy use, and comprehension monitoring, multiple 

linear regression models were utilized. Note that students were assigned at the classroom level to 

receive the intervention, not within classrooms. However, it is noteworthy that while students 

were nested in classrooms, the limited number of classrooms (n = 6) did not warrant conducting 

hierarchical linear modeling for these research questions. For each model, students’ post-test 

scores were entered as the outcome variable and students’ treatment condition (control = 0; 

treatment = 1) and their grade level were entered as covariates. Students’ grade level was 

recoded to -1, 0, 1 to represent third, fourth, and fifth grade respectively, to simplify the 

interpretation of the coefficients.  

For research question 1, examining students’ word knowledge, a separate model was 

utilized for each subtest of the word knowledge assessment and for their total score. Students’ 

pre-test score on the respective word knowledge assessment was entered as a covariate, in 
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addition to students’ treatment condition and their grade level. The regression models for 

research question 2 and 3 (examining word knowledge calibration and strategy use) were 

conducted similarly, except without pre-test scores.  

To examine students’ online comprehension monitoring (research question 4), for each 

task (word vs. non-word and plausible vs. implausible), we calculated average scores for gaze 

duration and rereading time for each type of target word. We then calculated a difference score 

by subtracting the average amount of time students read (gaze duration) or reread (rereading 

time) the consistent words from their average gaze duration and rereading time of inconsistent 

words (i.e., non-words and implausible words). This enabled us to examine the inconsistency 

effect driven by the inconsistent words. Then, a separate regression model was conducted for 

gaze duration and rereading time of each task. The difference score at post-test was entered as 

the outcome and students’ difference score at pre-test, treatment condition, and grade level were 

entered as predictors. This allowed for examining word-level and sentence-monitoring for 

students in the treatment group compared to their peers in the control group viewed and reread 

the target words as a method to investigate their comprehension evaluation and regulation skills. 

Analysis of the Eye-Movement Data 

For the 111 participants, 2220 data points were collected for each task at each time point, 

for each oculomotor measure. If a student did not read/view a word or the eye-tracker did not 

register the student reading a word, the gaze duration and rereading time were recorded as zero. 

Following methodology utilized by previous researchers (Kim et al., 2018; Zargar et al., 2020), 

any gaze duration or rereading time that was longer than 2000 milliseconds was considered an 

outlier and excluded from the data analysis. Therefore, at pre-test, analysis for the non-word task 

excluded 1.58% of the cases for gaze duration, 2.93% for rereading time, and analysis for the 
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implausible task excluded 0.50% of the cases for gaze duration and 0.63% for re-reading time. 

At post-test, analysis for the non-word task excluded 1.08% of the cases for gaze duration, 

2.75% for rereading time, and analysis for the implausible task excluded 0.63% for gaze duration 

and 0.45% for rereading time. Students’ gaze duration and rereading time for the consistent 

target words and inconsistent target words were averaged across all items for each task. This 

way, each student had an average gaze duration and rereading time for plausible words and an 

average gaze duration and rereading time for implausible words and so on.  

Results 

Before the start of the WKe-Book intervention, students’ vocabulary knowledge and 

reading comprehension were assessed using the Gates-Macginitie Reading grade-level 

appropriate assessments. When examining students’ Extended Scale Scores on these 

standardized assessments, those in the treatment and control group did not significantly differ on 

their performance on the reading comprehension assessment, t(109) = - 0.698, p = .487 or the 

vocabulary assessment, t(109) = 0.791, p = .431. This demonstrates an equal baseline for 

students in the two groups. See Table 3.3 for descriptive statistics for assessments according to 

intervention group membership and between-group comparisons. See Table 3.4 for descriptive 

statistics for assessments according to intervention group membership, testing session, as well as 

within-group comparisons. 

The Effects of WKe-Book Intervention on Students’ Word Knowledge 

Students’ word knowledge skills were assessed using a word knowledge task, which 

included three different subtests: Matching, What’s the Meaning of This?, and Let’s Figure it 

Out. We separately examined students’ scores on each of these subtests and their total scores to 

investigate the extent to which participating in the WKe-Book intervention may have impacted 
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students’ word knowledge. The results revealed that students in the WKe-Book treatment 

condition significantly outperformed their peers in the control group on the Matching subtest, 

when controlling for their pre-test scores and grade level (B = 2.058, p <.001). Students’ grade 

level also predicted their scores on this word knowledge subtest, such that older students 

outperformed their younger peers (B = 0.963, p <.001). However, there were no significant 

treatment main effects in students’ scores on the other two subtests of word knowledge 

assessment, What’s the Meaning of This? and Let’s Figure it Out. When examining students’ 

total word knowledge assessment score, students who participated in the WKe-Book intervention 

scored significantly higher compared to their peers in the control group after controlling for their 

pre-test scores and their grade level (B = 2.191, p = .001). See Table 3.5 and Figure 3.2. 

The Effects of WKe-Book Intervention on Students’ Word Knowledge Calibration  

As explained in Methods, we examined five different categories (see Table 3.2) 

representing calibration to investigate the extent to which students’ word knowledge calibration 

may change after participating in the WKe-Book intervention. The results revealed that students 

who participated in the WKe-Book intervention were more likely to correctly assess their word 

knowledge when they knew or partially knew the word, after controlling for their grade level. 

More specifically, students in the treatment condition were significantly more likely to 

accurately report that they knew a word and were able to correctly define the word (B = 0.494, p 

= .019), compared to their peers in the control group. Similarly, students in the treatment group 

were significantly more likely to accurately report that they partially knew the word (i.e., 

reported they kind of knew the word and partially defined it) compared to their peers in the 

control group (B = 0.282, p = .011). Moreover, students in the treatment condition, were found to 

be less likely to report that they did not know the word when they were not able to define it (B = 
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-0.904, p = .013). See Table 3.6 and Figure 3.3 Top. When examining the total of these three, 

representing different ways in which one may show strong calibration, there were no differences 

between students in the treatment and control group (B = - 0.128, p = .671). See Table 3.6 and 

Figure 3.3 bottom.  It is noteworthy that older students were found to be more likely to 

accurately report they knew a word (B = 0.610, p <.001) and were less likely to accurately report 

that they did not know a word, compared to their younger peers (B = -0.623, p = .005). See Table 

3.6. 

When examining overestimation or underestimation of word knowledge (reporting they 

knew the word but not being able to correctly define it, and reporting that they did not know the 

word but were able to define it, respectively), students who had participated in the WKe-Book 

intervention did not significantly differ from their peers in the control group, (B = 0.136, p = 

.611; B = -.0.008, p = .968) See Table 3.6 and Figure 3.3 bottom. 

The Effects of WKe-Book Intervention on Students’ Strategy Use 

For our third research question we examined the extent to which students’ strategy use 

skills may have changed after participating in the WKe-Book intervention. After controlling for 

grade level differences, the data revealed no significant differences in students’ likelihood in 

reporting that they used strategies covered in the WKe-Book intervention for those who were 

randomly assigned to the WKe-Book treatment group compared to those in the control group (B 

= 0.449, p = .247). See Table 3.7 and Figure 3.4. 

The Effects of WKe-Book Intervention on Students’ Online Comprehension Monitoring 

To examine students’ online comprehension monitoring at the word- and sentence-level, 

two eye-movement tasks were utilized: The Word vs. Non-word task and the Plausible vs.  

Implausible task, respectively. To examine comprehension evaluation, gaze duration, and to 
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examine comprehension regulation, rereading time for target words were recorded and analyzed. 

First, we examined how students differed in their gaze duration and rereading times for target 

words at pre- and post-test, regardless of their treatment condition, utilizing paired-sample T-

tests. This allowed us to investigate whether the students experienced an inconsistency effect 

caused by the target non-words and implausible words when compared to the target control 

words and plausible words, respectively. At pre-test, students generally had a significantly longer 

gaze duration for non-words (M = 335.112, SD = 196.142) compared to the target control words 

(M = 221.631, SD = 121.028), t(110) = 8.208, p < .001. However, they did not differ in their 

gaze duration for implausible words (M = 205.871, SD = 120.952) compared to plausible words 

(M =197.289, SD = 121.952), t(110) = .869, p = .387. Results for rereading time at pre-test, 

showed that students generally spent longer rereading the non-words (M = 319.787, SD = 

249.033) than the words (M = 120.161, SD = 126.394), t(110) = 9.942, p < .001, as well as the 

implausible words (M = 101.215, SD = 115.932) compared to the plausible words (M = 63.441, 

SD = 66.583) t(110) = 3.830, p < .001. See Figure 3.5.  

At post-test, the results similarly demonstrated that students had a significantly longer 

gaze duration for the non-words (M = 334.005, SD = 185.285) compared to the target words (M 

= 215.948, SD = 124.212), t(110) = 8.144, p < .001, and spent marginally significantly more time 

viewing the implausible words (M = 216.396, SD = 116.277 ) compared to the plausible words 

(M = 200.649, SD = 119.974), t(110) = 1.942 , p = .055. Similarly, results for rereading time 

revealed that, on average, students reread the non-words (M = 287.176, SD = 268.338) 

significantly longer than the target words (M = 117.143, SD = 118.522), t(110) = 7.495, p < .001, 

and reread the implausible target words (M = 123.906, SD = 136.597) longer than the plausible 

target words (M = 77.033, SD = 95.014), t(110) = 3.871, p < .001. These results suggest that the 
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tasks generally caused an inconsistency to which the participants were sensitive. However, the 

lack of significant inconsistency effect for gaze duration of implausible words, especially at pre-

test was surprising and may have not allowed us to precisely examine sentence-level 

comprehension evaluation. We further elaborate on this in the Discussion section. 

In order to answer our research question, we then examined how students in the treatment 

group differed with students in the control group in their gaze duration and rereading time for the 

inconsistent words compared to the consistent words for each of the two tasks. 

Comprehension Evaluation (Gaze Duration) 

The results demonstrated that students who participated in the WKe-Book intervention 

did not significantly differ in their gaze durations for words versus non-words compared to the 

students in the control group (B = -16.377, p = .578). See Table 3.8 and Figure 3.6. However, 

students in the treatment group generally had a smaller difference in their gaze duration for 

plausible vs. implausible words (i.e., smaller inconsistency effect), compared to their peers in the 

control group (B = -33.751, p = .032). See Table 3.8 and Figure 3.7.  

Comprehension Regulation (Rereading Time) 

Students in the treatment condition demonstrated a marginally significantly smaller 

difference in their rereading time for words versus non-words, compared to students in the 

control group (B = -.85.413, p = .055). See Table 3.9 and Figure 3.8. Students did not generally 

differ in their reading times for plausible versus implausible words based on their treatment 

group membership (B = 18.250, p = .457). See Table 3.9 and Figure 3.9. 

Discussion 

A previous study (Connor et al., 2019) implementing a randomized control trial with a 

different sample of third through fifth grade students found participating in the WKe-Book 
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intervention to be effective for students’ word knowledge, word knowledge calibration, and 

strategy use. The current study aimed to replicate these findings, in addition to investigating 

whether the intervention might have any potential effects on students’ comprehension 

monitoring as assessed by eye-movement methodology. Similar to the previous study, we found 

that students generally demonstrated gains on their word knowledge after participating in the 

WKe-Book intervention. Similarly, our results suggested gains in word knowledge calibration 

skills, such that students participating in the intervention were more likely to accurately judge 

their own word knowledge when they actually knew or partially knew the word. However, 

contrary to our expectation, we did not discover a significant effect of treatment on students’ 

explicit strategy use or evidence for improvements in online comprehension monitoring skills as 

indicated by students’ eye-movement behavior. 

Before we discuss our findings in more detail and compare them to the previous study, it 

is important to highlight some of the general differences between the samples of the two studies 

and how these differences may affect the generalizability of the findings. The 603 students who 

participated in the previous study attended two public elementary schools in a low-income 

neighborhood and generally had weak reading comprehension skills as they scored at the 30th 

percentile on average on the Gates-MacGinitie standardized reading comprehension assessment. 

The expected mean for this assessment is the 50th percentile. The 111 students who participated 

in our study attended a charter school in a more affluent neighborhood. While our sample’s 

reading comprehension average was still lower than the expected mean, they scored higher at the 

44th percentile on the same standardized assessment.  

Moreover, the majority of the participants in the previous study identified as Hispanic 

(67%) and attended schools with a high proportion of English-Spanish bilingual students, 
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whereas the majority of the students in our sample identified as White (58.6%). This difference 

is noteworthy because the WKe-Book intervention aimed to teach students word history and 

cognates, many of which are similar across English and Spanish (e.g., maleficent vs. malo in 

Spanish or verdant vs. verde in Spanish), as Connor and colleagues (2019) point out. This would 

be particularly effective for Spanish-speaking English learners as highlighting cognate 

similarities and common meanings across their two languages is shown to help them improve 

word knowledge and reading comprehension (August et al., 2005; Carlo et al., 2004). Therefore, 

the intervention might support gains in word knowledge and employing word learning strategies 

more effectively for English-Spanish bilingual children, more than non-Spanish speaking 

children.  

Our results revealed some similarities when compared to the previous RCT. We 

discovered some significant effects of the WKe-Book intervention on students’ word knowledge, 

word knowledge calibration, and comprehension monitoring, while the findings were more 

complex than hypothesized. 

Word Knowledge 

Similar to the previous RCT, we found that students generally showed gains on their 

word knowledge after participating in the WKe-Book intervention. More specifically, the results 

suggested a significant gain for students in the treatment group for the word knowledge 

assessment overall. While students who participated in the intervention outperformed their peers 

in the Matching subset, they did not significantly differ in the other two subtests (What’s the 

meaning of this? and Let’s Figure it out). As the researchers who designed the subtests of the 

Word Knowledge Task (Connor et al., 2019) argued, this assessment was developed to have a 

metacognitive component as it prompted students to use word learning strategies that were 
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taught in the intervention. We conjecture that the Matching subtest required a lower level of 

metacognitive skills and employing word learning strategies, therefore it was easier to improve 

on during the intervention, compared to the other two subtests. Moreover, it is noteworthy that 

the Word Knowledge Task was developed to assess students’ knowledge of the vocabulary 

words included in the WKe-Book. However, as noted earlier, not every student encountered all 

target words during the intervention due to the choose-your-own adventure nature of the e-Book 

and students reading different story streams. 

Word Knowledge Calibration 

In regards to word knowledge calibration, the previous RCT found that students who 

participated in the intervention (reading the WKe-Book and attending weekly book club 

sessions) were more likely to correctly judge their word knowledge when they knew and when 

they did not know the meaning of the word. They found no significant effect of treatment on 

whether students reported they kind of knew the word and partially defined it, and on either 

overestimating or underestimating word knowledge.  

Our results similarly revealed significant treatment effects for word knowledge 

calibration. Students in the treatment group were more likely to accurately judge their own word 

knowledge when they actually knew or partially knew the word (i.e., correctly or partially define 

the words). This similarly suggests that participating in the WKe-Book intervention may 

improve students’ word knowledge calibration when they know the target words. Connor and 

colleagues (2019) found that students who correctly judge their word knowledge when they 

know the word generally have stronger reading comprehension scores. Therefore, we conjecture 

that the WKe-Book intervention was effective in improving students’ word knowledge 

calibration. 
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However, contrary to previous findings, our results suggested that after participating in 

the intervention, students were less likely to correctly judge their word knowledge when they did 

not know the word (i.e., does not know; does not define). Connor and colleagues’ (2019) 

suggested that students who correctly judge their word knowledge when they are unable to 

define the word generally demonstrate weaker reading comprehension scores compared to their 

peers. Having a lower level of word knowledge is associated with weaker calibration (Dunning 

et al., 2003). Therefore, improving on both word knowledge and word knowledge calibration is 

believed to be more effective in strengthening reading comprehension (Connor et al., 2019). 

Similarly, we argue that this finding further supports the efficacy of the intervention on students’ 

word knowledge calibration and potentially reading comprehension skills. Finally, similar to the 

other RCT, we found no significant effect of participating in the WKe-Book intervention on 

students’ overestimating or underestimating their own word knowledge.  

Strategy Use 

 Contrary to our original hypotheses and the findings of the previous RCT, our results did 

not demonstrate a significant effect of treatment on students’ explicit strategy use (i.e., reporting 

that they used a specific reading strategy). Interpreting this finding however remains limited 

since students were not assessed on this skill at pre-test. Moreover, it might be the case that the 

students participating in our study already had an adequate knowledge of repair strategies and 

therefore did not further benefit in learning about repair strategies through this intervention (i.e., 

a potential ceiling effect). It is important for students to know reading comprehension strategies 

to employ when needed (van den Broek et al., 2005). However, as Willingham and Lovette 

(2014) point out teaching students reading comprehension strategies may have “an upper limit” 

because extended instruction of strategies is not found to be more advantageous for students. As 
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they conclude after reviewing previous research, this suggests that teaching reading 

comprehension strategies should be explicit and brief, as they may be learned quickly 

(Willingham & Lovette, 2014). 

In the previous RCT where a significant treatment effect was found on students’ strategy 

use, the students in the control group generally had lower scores compared to the students in our 

control group. Therefore, it might be the case that there is an interaction effect between students’ 

existing repair strategy knowledge and the WKe-Book intervention, such that the intervention is 

more effective in improving strategy use for students with weaker strategy use. Investigating this 

hypothesis is beyond the scope of this study and necessitates further research. 

Comprehension Monitoring 

For comprehension evaluation, we examined students’ differences in how long their gaze 

durations were for consistent words compared to inconsistent words. For comprehension 

regulation, we examined students’ differences in how long they spent rereading the consistent 

words compared to inconsistent words. For word-level comprehension evaluation, we compared 

words to non-words and for sentence-level comprehension evaluation, we compared plausible 

words to implausible words. We hypothesized that students will show sensitivity to the 

inconsistencies by demonstrating longer gaze durations and rereading times for inconsistent 

words compared to consistent words (i.e., inconsistency effects). An important aspect of 

sentences used for examining comprehension monitoring using eye-movement methodology is 

for them to contain inconsistent words that cause a breakdown in the readers’ reading 

comprehension. At pre-test, students generally demonstrated an inconsistency effect at the word-

level by having longer gaze durations and rereading times for non-words compared to words. 

However, at the sentence-level, students only had longer rereading time for implausible words 
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compared to plausible words and did not demonstrate an inconsistency effect at gaze duration. 

While engaging in more rereading is evidence that students did try to regulate their 

understanding after encountering a sentence-level inconsistency, this may limit our ability to 

effectively investigate the effects of participating in WKe-Book on students’ sentence-level 

comprehension evaluation skills. This was unexpected since the inconsistency was designed to 

be considerable and was previously validated with fifth grade students when the task was 

developed (Connor et al., 2015). As Joseph and colleagues (2020) point out this might be 

because these reading processes are slow and gaze durations for the target words were not 

properly captured in our small areas of interest. Another reason could be that our participants 

were younger than for whom this task was designed and validated (fifth grade students). The 

sentences might have not been appropriate for this particular sample of third through fifth grade 

participants. It is possible that the two sentences in some of the items were not comprehended to 

be related when the target word was implausible. For example, one of the items in the Plausible 

vs. Implausible task is “For the wedding Linda wore her best outfit. The colorful dress/plant was 

one of her favorites.” In this item, “wore” is the pre-target word, “dress” is the plausible option, 

and “plant” is the implausible target word. The pre-target word of “wore” prompts the reader to 

expect the next sentence to be about a piece of clothing, given that the two sentences are related. 

However, the word “plant” remains plausible in the context of its own sentence, although 

implausible in the context of the two-sentence passage. Therefore, if students were under the 

impression that the two sentences were not connected, the word “plant” may have not been 

perceived as implausible eliciting a longer gaze duration.  

As Joseph and colleagues (2020) highlight, for readers to detect a sentence-level 

inconsistency in a passage they must have made the correct inference when reading. In other 
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words, first students must properly comprehend the first sentence in each passage and create a 

proper mental representation focusing on the pre-target word which describes the target word in 

the second sentence. If they do not effectively do this, then they might not be able to detect the 

target implausible word. Moreover, ability to detect global inconsistencies can be dependent on 

how close the relevant context and the inconsistent target word are in the passage. Previous 

research suggests that only children who are better comprehenders tend to show inconsistency 

effects when the conflicting pieces of information are distant from each other (e.g., van der 

Schoot et al., 2012). Distant inconsistencies may be more difficult to detect because of the 

increased working memory demands (Oakhill et al., 2005). Our stimuli only contained two 

sentences, thus the sentence containing the relevant context (pre-target word) and the one 

containing the inconsistency (target word) came right after each other. However, the number of 

words in between the pre-target and the target word differed for each item. Moreover, most of 

the sentence pairs (even with a plausible word) required the reader to make an inference – also 

demonstrated by a longer viewing time (Joseph et al., 2020). Therefore, it is possible that there 

was no additional processing time necessary for encountering the implausible words beyond 

what was already caused by an inference.  

We further expected that after participating in the WKe-Book intervention, students 

would show a higher inconsistency effect (i.e., a larger difference in their gaze duration and 

rereading time for the inconsistent words), compared to students in the control group. However, 

our data did not fully support our hypotheses and how participating in the intervention may have 

changed students’ eye-movement behavior was more complex than we expected. Here, we 

interpret each finding and elaborate on what these findings might indicate. 
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Comprehension Evaluation (Gaze Duration) 

Word-level Comprehension Evaluation. Students who participated in the intervention 

and their peers in the control group performed similarly in their comprehension evaluation for 

word-level comprehension monitoring, after controlling for their pre-test performance. In other 

words, students in the two groups had similar reactions when experiencing an inconsistency 

effect caused by the non-words: a longer gaze duration for non-words compared to control 

words. This suggests that our intervention did not have any detectable impact on eye movements 

related to error detection ability at the word-level, especially when they all generally detected the 

inconsistency prior to the intervention. 

Sentence-level Comprehension Evaluation. When examining sentence-level 

comprehension evaluation, we found a significant effect of treatment on students’ gaze duration 

for plausible versus implausible words. The results revealed that students in the treatment group 

showed a reduced inconsistency effect for this task, compared to the students in the control 

group. However, after careful examination of our data and descriptive statistics, we found that 

this difference was not driven by changes in gaze duration of students in the treatment group. 

Students in the treatment group did not significantly change in how they viewed the plausible or 

implausible words before versus after the intervention. What is creating this difference is that 

students in the control group demonstrated a significant increase in gaze duration for the 

implausible words from pre- to post-test (see Figure 3.7). Therefore, although we detected an 

effect of WKe-Book on this consistency effect for gaze duration of implausible words, we cannot 

conclude that this is due to the intervention. In addition, as mentioned earlier, the inconsistency 

effect that we expected for the implausible words was not observed at pre-test and it was only 
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marginally significant at post-test. Therefore, this task might have not properly assessed 

comprehension evaluation for this sample of third through fifth graders. 

Comprehension Regulation (Rereading Time) 

Word-level Comprehension Regulation. When examining students’ rereading times for 

words versus non-words at post-test, we found that those in the treatment group demonstrated a 

marginally significantly smaller consistency effect, compared to those in the control group. 

When examining students’ performance at pre- versus post-test, we find that those students in the 

control group did not generally change in how long they reread the words or non-words. The 

data for students in the treatment group, however, demonstrates that while their rereading time 

for words remain unchanged from pre- to post-test, they spent less time rereading the non-words 

at post-test. This may suggest that these students were processing these inconsistencies faster and 

did not consider rereading an effective strategy. The items used in this task consisted of only one 

short sentence containing a non-word (or a typical word in the control sentences). We suspect 

that in this case, rereading may not be an effective strategy in this task because the sentence does 

not provide many context clues in some of the items. Therefore, due to the brevity of the 

sentence, students may be able to process and attempt to regulate their comprehension quicker. 

This could also mean that these sentences do not require a high working memory demand. As 

Joseph and colleagues (2020) suggested children tend to prioritize efficiency over completeness 

when reading – this means they only make inferences when they see it necessary, which allows 

for using their resources for fluent reading processing. We conjecture that students may also only 

attempt to regulate their comprehension when necessary and when the strategies they know may 

be effectively utilized. Moreover, readers tend to set standards for their level of comprehension 

when reading (Van den Broek et al., 2011; Zabrucky & Moore, 1989). Thus, if students were not 
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reading these short sentences with standards of deep comprehension, they might not have 

employed reading strategies. 

Sentence-level Comprehension Regulation. When examining students’ rereading times 

for plausible versus implausible words at post-test, we found that the two groups performed 

similarly with regards to showing an inconsistency effect. In other words, after participating in 

the intervention students were not any more likely to reread the implausible words more than the 

plausible words, compared to their peers in the control group. While students were encouraged to 

reread when they did not comprehend a section in the WKe-Book, the specific repair strategies 

targeted in the intervention were word learning strategies. Word learning strategies, such as 

using context clues or suffixes or word structure, are most effective in regulating comprehension 

when confronted with a word-level inconsistency (i.e., an unfamiliar word). Therefore, these 

strategies might have not been effective in regulating comprehension when confronted with 

global implausibility. Moreover, students may have not utilized the strategies they potentially 

learned, because they are more likely to only use them when the task probes them (Rubman & 

Waters, 2000; Wassenburg et al., 2015) 

General Discussion 

The current study aimed to investigate how participating in the WKe-Book intervention 

may impact third through fifth grade students’ word knowledge, word knowledge calibration, 

strategy use, and comprehension monitoring. Overall, the results revealed that students’ 

demonstrated gains in word knowledge and word knowledge calibration, highlighting that this 

intervention, or similar interactive e-books, have the potential for helping students build upon 

their literacy skills. Contrary to our expectations however, students did not show growth in their 

explicit knowledge of repair strategies and comprehension monitoring skills, as assessed using 
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eye-movement analysis. We hypothesize that due to the complex and metacognitive nature of 

this skill, a three-week intervention may not be sufficient to improve students’ reading behaviors. 

Moreover, it is possible that the eye-movement tasks used to examine comprehension monitoring 

were not adequately sensitive to change for third through fifth grade students. It is also 

noteworthy that reading eye-movement tasks (short passages) were very different than reading 

the WKe-Book during the intervention, which encouraged and required deep comprehension of 

the text. This difference in their reading context (text characteristics, content, and comprehension 

goals) may have needed a far transfer of skills that could have been potentially learned through 

the intervention. As Schraw and Gutierrez (2015) highlight, newly learned reading strategies 

may not easily transfer to new tasks. Transferring new skills between two domains is challenging 

and may not occur spontaneously (Dunlosky et al., 2005). Therefore, it is suggested to 

specifically teach students transfer of strategies (Pressley & Harris, 2006). Previously, 

researchers have recommended that this could be accomplished by scaffolding them to practice 

using strategies in different contexts and teaching students to create links between strategies and 

their applications (Duffy, 2002; Dunlosky et al., 2005). Schraw and Dennison (1994) divide 

strategies into five main types of metacognitive activities that can occur before, during, or after 

learning: plan, organize, monitor, debug, evaluate. While teaching students reading strategies is 

essential, it primarily focuses on the debugging phase – repairing misunderstandings. Therefore, 

it might not be effective for improving students’ monitoring skills while they read. Students may 

benefit more from explicit teaching of monitoring and control processes with feedback (Schraw 

& Gutierrez, 2015). 
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Limitations and Future Directions 

When interpreting the findings of this study, there are a few limitations that should be 

considered. Students were randomly assigned to be in the treatment or control group and their 

scores on the standardized vocabulary and reading comprehension assessments or the word 

knowledge assessments did not significantly differ, based on their treatment condition. However, 

as pointed out earlier, due to time constraints during the pretesting period, students were not 

assessed on their word knowledge calibration skills and strategy use prior to starting the 

intervention. This may have limited us in fully investigating the effects of the WKe-Book 

intervention on students’ word knowledge calibration and strategy use. Moreover, while most 

students in third through fifth grade are likely to have already mastered decoding skills, we might 

have had a more accurate representation of students’ reading and comprehension monitoring 

skills if we had also examined and controlled for their decoding skills in our analysis. However, 

we believe by comparing students’ eye-movement behaviors at pre-test and post-test, we have 

been able to examine comprehension monitoring beyond their decoding skills. Future studies 

may benefit from adding a decoding or word reading assessment.  

Additionally, it is noteworthy that while eye-movement tasks enable us to precisely 

examine reading behaviors, they may also introduce many methodological issues. These tasks 

are based on an established understanding of how such eye-movements are related to the 

underlying linguistic and cognitive processes of reading comprehension (e.g., Rayner, 1998). 

However, as Joseph and colleagues (2020) discuss this approach may become problematic when 

researchers choose from a range of oculomotor measures or they choose to focus on different 

specific areas of interest in text (e.g., the inconsistent target word or the words before and after 

the inconsistent word) and may be limiting due to a large proportion of missing data. In our 
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study, if the student did not view a target word or the eye-movement behavior was not recorded, 

the gaze duration or re-reading time was registered as zero milliseconds, similar to another study 

(Zargar et al., 2020). Therefore, this may have limited us in examining students’ eye-movement 

behaviors accurately. Calibrating the eye-tracker more frequently while children read the 

passages might have allowed for collecting more accurate and less missing data. Moreover, 

examining students’ reading times for words that come before and after an inconsistent target 

word in addition to the target word itself might allow for better examining the readers’ 

comprehension monitoring. For example, Kim and colleagues (2018) measured gaze duration 

and re-reading time for three words, the target word and the two next words following the target 

word, in order to capture possible spillover effects from the target word. They also examined 

children’s extended monitoring behavior after encountering an inconsistency by measuring the 

time they spent reading the sentence after viewing the inconsistency. Therefore, future studies 

may benefit in examining students’ eye-movements for words that are adjacent to the target 

words in order to gain a better representation their comprehension monitoring skills. 

Furthermore, the eye-movement tasks may be improved for future studies. The non-word task 

stimuli should be longer than one sentence to include more context. This would make the readers 

more encouraged to attempt using repair strategies (i.e., reread) to figure out the meaning of the 

unfamiliar words they encounter. 

Another potential next step in examining changes in students’ comprehension monitoring 

may be done through exploring near transfer learning, such that the assessment is more similar to 

the intervention context in which learning occurred. For example, the text used for the eye-

tracking tasks could be more similar in length and be a fictional story similar to the story 

presented in the e-Book. This way students might be more likely to have a higher standard of 
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comprehension while reading, monitor their comprehension more closely, and employ 

comprehension strategies to repair misunderstandings when confronted with word- or sentence-

level inconsistencies. Future studies may also examine whether students' comprehension 

monitoring skills could be improved with more explicit teaching and with a longer intervention. 

Considering the complex metacognitive and developmentally sensitive nature of this skill, 

children may need more than three weeks to learn and practice effectively monitoring their 

reading comprehension. 

Implications 

The use of technology and employing research-based e-books in and out of the classroom 

is still very promising for developing students’ word knowledge and encouraging independent 

sustained reading. The use of technology also allows for developing personalized instructional 

interventions based on students’ needs to further support those who may be struggling with 

different literacy skills. Eye-movement tasks, such as those utilized in this study, enable us to 

further understand young readers’ reading behavior especially the metacognitive process of 

comprehension monitoring. By better recognizing students’ needs and abilities we are able to 

develop more effective instructional tools that specifically focus more on those aspects. 
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Table 3.1 

Demographic Information for Participants According to Intervention Group Membership 

  
Control Group  

(n = 54)   
Treatment Group  

(n = 57)  

Total  
(n = 111) 

  Frequency Percent   Frequency Percent  Frequency Percent 
Grade level         

3rd Grade 22 40.7  19 33.3  41 36.9 
4th Grade 16 29.6  21 36.8  37 33.3 
5th Grade 16 29.6  17 29.8  33 29.7 

Race/Ethnicity         
White 34 63  31 54.4  65 58.6 
Hispanic 5 9.3  9 15.8  14 12.6 
African American 10 18.5  10 17.5  20 18 
Asian 4 7.4  6 10.5  10 9 
Other 1 1.9  1 1.8  2 1.8 

Gender         
Male 30 55.6  29 50.9  59 53.2 
Female 24 44.4   28 49.1   52 46.8 
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Table 3.2 

Word Knowledge Calibration Categories  

 “I know the meaning 
of the word” 

“I kind of know the 
meaning of the word” 

“I do not know the 
meaning of the word” 

Correctly defines the 
word 

Knows; Correctly 
defines 

Underestimate Underestimate 

Partially defines the 
word 

Overestimate Kind of knows; 
Partially defines 

Underestimate 

Does not correctly 
define the word 

Overestimate Overestimate Does not know; Does 
not define 

Note. Students’ reports of their judgment of how well they knew the meaning of a target word is 

written across the top. Students’ accuracy in defining the target word is written along the side. 

The diagonal cells shaded in gray represent being well-calibrated or strong word knowledge 

calibration (i.e., being able to correctly judge one’s own word knowledge). The variable “total 

overestimate” represents the sum of the three possibilities of overestimating word knowledge, 

and the variable “total underestimate” represents the sum of the three possibilities of 

underestimating word knowledge. These word knowledge calibration categories were created 

similar to Connor and colleagues’ (2019) study. 
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Table 3.3 

Descriptive Statistics for Assessments According to Intervention Group Membership, as well as Between-Group Comparisons 

  Control group (n = 54)   Treatment Group (n = 57)   Control vs. Treatment  
  M SD   M SD   t p 
Baseline Assessments         
Gates-Macginitie Vocabulary ESS 487.410 36.484  481.280 44.455  0.791 0.431 
Gates-Macginitie Reading Comprehension ESS 473.630 41.780   479.600 47.930   -0.698 0.487 
WKe-Book Assessments         
Pre-test Matching Subtest 1.960 2.037  1.720 1.698  0.686 0.494 
Pre-test "What's the Meaning of this?" Subtest 7.150 2.032  7.490 1.681  -0.971 0.334 
Pre-test "Let's Figure it out" Subtest 3.650 2.762  4.120 2.639  -0.926 0.357 
Pre-test Word Knowledge Total 12.760 5.065  13.330 4.823  -0.612 0.542 
Post-test Matching Subtest 1.810 1.904  3.840 2.583  -4.686 <.001 
Post-test "What's the Meaning of this?" Subtest 7.700 1.513  7.910 1.911  -0.635 0.527 
Post-test "Let's Figure it out" Subtest 4.200 2.942  4.680 2.785  -0.884 0.379 
Post-test Word Knowledge Total 13.720 5.022  16.440 5.955  -2.591 0.011 
Post-test Knows; Knows 1.070 0.968  1.610 1.373  -2.383 0.019 
Post-test Kind of Knows; Partially Defines 0.190 0.438  0.470 0.684  -2.63 0.010 
Post-test Does Not Know; Does Not Define 3.410 1.976  2.460 1.900  2.585 0.011 
Post-test Total Well-calibrated 4.670 1.648  4.540 1.501  0.411 0.682 
Post-test Total Overestimate 1.630 1.418  1.750 1.379  -0.470 0.639 
Post-test Total Underestimate 0.700 1.057  0.700 0.963  0.010 0.992 
Post-test Strategy Use 1.410 1.858   1.880 2.180   -1.219 0.226 
Eye-Movement Measures         
Pre-test Gaze Duration Difference Nonword - Word 110.737 140.379  116.081 151.701  -0.192 0.848 
Pre-test Rereading Time Difference Nonword - Word 156.229 154.405  240.739 248.606  -2.138 0.035 
Pre-test Gaze Duration Difference Implausible - Plausible 9.609 95.829  7.610 112.083  0.101 0.920 
Pre-test Rereading Time Difference Implausible - Plausible 27.345 85.926  47.653 118.391  -1.029 0.306 
Post-test Gaze Duration Difference Nonword - Word 125.963 128.299  110.567 173.544  0.529 0.598 
Post-test Rereading Time Difference Nonword - Word 198.262 262.282  143.291 213.607  1.214 0.228 
Post-test Gaze Duration Difference Implausible - Plausible 32.096 86.263  0.258 82.386  1.989 0.049 
Post-test Rereading Time Difference Implausible - Plausible 36.053 100.274   57.124 149.095   -0.869 0.387 

Note. df for t-tests = 119. 
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Table 3.4 

Descriptive Statistics for Word Knowledge Assessment and Eye-movement Measures According to Intervention Group Membership 

and Testing Session, as well as Within-Group Comparisons 

 

Note. r = re-test reliability; ES = Effect size (Cohen’s d, according to re-test reliability) 
** Correlation is significant at the 0.01 level (2-tailed). * Correlation is significant at the 0.05 level (2-tailed).

  Pre-test   Post-test   Pre-test vs. Post-test 
  M SD   M SD   r ES 
Word Knowledge Assessment         
Control group (n = 54)         
Matching Subtest 1.960 2.037  1.810 1.904  .533** -0.079 
"What's the Meaning of this?" Subtest 7.150 2.032  7.700 1.513  .543** 0.313 
"Let's Figure it out" Subtest 3.650 2.762  4.200 2.942  .687** 0.243 
Word Knowledge Total 12.760 5.065  13.720 5.022  .821** 0.318 
Treatment Group (n = 57)         
Matching Subtest 1.720 1.698  3.840 2.583  .409** 0.868 
"What's the Meaning of this?" Subtest 7.490 1.681  7.910 1.911  .653** 0.278 
"Let's Figure it out" Subtest 4.120 2.639  4.680 2.785  .676** 0.256 
Word Knowledge Total 13.330 4.823  16.440 5.955  .771** 0.819 
Eye-Movement Measures         
Control group (n = 54)         
Gaze Duration Difference Nonword - Word 110.737 140.379  125.963 128.299  .101 0.084 
Rereading Time Difference Nonword - Word 156.229 154.405  198.262 262.282  .264 0.157 
Gaze Duration Difference Implausible - Plausible 9.609 95.829  32.096 86.263  -.031 0.172 
Rereading Time Difference Implausible - Plausible 27.345 85.926  36.053 100.274  -.021 0.065 
Treatment Group (n = 57)         
Gaze Duration Difference Nonword - Word 116.081 151.701  110.567 173.544  -0.018 -0.024 
Rereading Time Difference Nonword - Word 240.739 248.606  143.291 213.607  .358** -0.370 
Gaze Duration Difference Implausible - Plausible 7.610 112.083  0.258 82.386  -.316* -0.046 
Rereading Time Difference Implausible - Plausible 47.653 118.391  57.124 149.095  .146 0.054 
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Table 3.5 

Word Knowledge Assessment Subtests and Total Score at Post-test as a Function of Students’ 

Treatment Condition, Pre-test Scores, and Grade Level 

Matching Subtest 
  B SE Beta t p 

(Constant) 1.085 0.333  3.256 0.002 

WKe-Book Treatment 2.058 0.363 0.416 5.666 <.001 

Pre-test Matching Score 0.427 0.102 0.32 4.181 <.001 

Grade Level 0.963 0.233 0.317 4.139 <.001 

R-squared 0.429         

F 26.831       <.001 

"What’s the Meaning of This?" Subtest 
  B SE Beta t p 

(Constant) 3.952 0.579  6.82 <.001 

WKe-Book Treatment 0.017 0.269 0.005 0.061 0.951 

Pre-test Meaning Score 0.527 0.076 0.568 6.964 <.001 

Grade Level 0.148 0.172 0.07 0.859 0.392 

R-squared 0.352         

F 19.351       <.001 

"Let’s Figure It Out" Subtest 
  B SE Beta t p 

(Constant) 1.701 0.435  3.906 <.001 

WKe-Book Treatment 0.136 0.402 0.024 0.339 0.736 

Pre-test Figuring Score 0.692 0.085 0.653 8.111 <.001 

Grade Level 0.207 0.281 0.059 0.738 0.462 

R-squared 0.471         

F 31.757       <.001 

Total Word Knowledge 
  B SE Beta t p 

(Constant) 3.186 1.086  2.933 0.004 

WKe-Book Treatment 2.191 0.646 0.194 3.395 0.001 

Pre-test Total Score 0.831 0.075 0.723 11.071 <.001 

Grade Level 0.627 0.453 0.091 1.386 0.169 

R-squared 0.651         

F 66.472       <.001 

Note. For WKe-Book treatment, control group = 0, treatment group = 1. Grade level was coded 

as -1, 0, 1 for 3rd, 4th, and 5th grade, respectively.  
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Table 3.6 

Word Knowledge Calibration at Post-test as a Function of Treatment Condition and Grade level 

Knows; Correctly defines 
  B SE Beta t p 
(Constant) 1.142 0.149  7.673 <.001 
WKe-Book Treatment 0.494 0.207 0.203 2.385 0.019 
Grade Level 0.610 0.127 0.409 4.795 <.001 
R-squared 0.216         
F 14.905       <.001 
Kind of knows; Partially defines 
  B SE Beta t p 
(Constant) 0.194 0.079  2.468 0.015 
WKe-Book Treatment 0.282 0.110 0.239 2.576 0.011 
Grade Level 0.083 0.067 0.114 1.228 0.222 
R-squared 0.073         
F 4.230      0.017 
Does not know; Does not define 
  B SE Beta t p 
(Constant) 3.338 0.257  13.006 <.001 
WKe-Book Treatment -0.904 0.357 -0.228 -2.532 0.013 
Grade Level -0.623 0.219 -0.256 -2.840 0.005 
R-squared 0.123         
F 7.592       0.001 
Total Well Calibrated 
  B SE Beta t p 
(Constant) 4.674 0.216  21.635 <.001 
WKe-Book Treatment -0.128 0.300 -0.041 -0.426 0.671 
Grade Level 0.069 0.185 0.036 0.376 0.708 
R-squared 0.003         
F 0.154       0.857 
Total Overestimate 
  B SE Beta t p 
(Constant) 1.613 0.191  8.432 <.001 
WKe-Book Treatment 0.136 0.266 0.049 0.511 0.611 
Grade Level -0.146 0.164 -0.086 -0.894 0.373 
R-squared 0.009         
F 0.510       0.602 
Total Underestimate 
  B SE Beta t p 
(Constant) 0.712 0.138  5.145 <.001 
WKe-Book Treatment -0.008 0.193 -0.004 -0.040 0.968 
Grade Level 0.077 0.118 0.062 0.649 0.518 
R-squared 0.004         
F 0.211       0.810 

Note. For WKe-Book treatment, control group = 0, treatment group = 1. Grade level was coded 

as -1, 0, 1 for 3rd, 4th, and 5th grade, respectively.  
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Table 3.7 

Strategy Use at Post-test as a Function of Treatment Condition and Grade level 

Strategy Use 

  B SE Beta t p 

(Constant) 1.438 0.277  5.191 <.001 

WKe-Book Treatment 0.449 0.385 0.111 1.165 0.247 

Grade Level 0.276 0.237 0.111 1.164 0.247 

R-squared 0.026         

F 1.423       0.246 

Note. For WKe-Book treatment, control group = 0, treatment group = 1. Grade level was coded 

as -1, 0, 1 for 3rd, 4th, and 5th grade, respectively.  
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Table 3.8 

Gaze Duration Difference at Post-test as a Function of Students’ Treatment Condition, Gaze 

Duration Difference at Pre-test, and Grade Level 

Gaze Duration Difference for Words vs. Nonwords 

  B SE Beta t p 

(Constant) 124.682 24.023  5.190 <.001 

WKe-Book Treatment -16.377 29.337 -0.054 -0.558 0.578 

Pre-test Gaze Duration Difference 0.023 0.102 0.022 0.225 0.822 

Grade Level 11.298 18.150 0.060 0.622 0.535 

R-squared 0.007         

F 0.251       0.860 

Gaze Duration Difference for Plausible vs. Implausible Words  

  B SE Beta t p 

(Constant) 36.028 11.227  3.209 0.002 

WKe-Book Treatment -33.751 15.569 -0.198 -2.168 0.032 

Pre-test Gaze Duration Difference -0.170 0.076 -0.207 -2.244 0.027 

Grade Level 20.692 9.652 0.198 2.144 0.034 

R-squared 0.106         

F 4.234       0.007 

Note. For WKe-Book treatment, control group = 0, treatment group = 1. Grade level was coded 

as -1, 0, 1 for 3rd, 4th, and 5th grade, respectively.  
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Table 3.9 

Rereading Time Difference at Post-test as a Function of Students’ Treatment Condition, 

Rereading Time Difference at Pre-test, and Grade Level 

Rereading Time Difference for Words vs. Nonwords 
  B SE Beta t p 

(Constant) 151.731 35.358  4.291 <.001 

WKe-Book Treatment -85.413 44.078 -0.179 -1.938 0.055 

Pre-test Rereading Time Difference 0.325 0.105 0.288 3.085 0.003 

Grade Level 38.725 26.785 0.132 1.446 0.151 

R-squared 0.120         

F 4.865       0.003 

Rereading Time Difference for Plausible vs. Implausible Words  
  B SE Beta t p 

(Constant) 34.225 17.861  1.916 0.058 

WKe-Book Treatment 18.250 24.459 0.072 0.746 0.457 

Pre-test Rereading Time Difference 0.104 0.119 0.085 0.874 0.384 

Grade Level 9.235 15.131 0.059 0.610 0.543 

R-squared 0.019         

F 0.691       0.560 

Note. For WKe-Book treatment, control group = 0, treatment group = 1. Grade level was coded 

as -1, 0, 1 for 3rd, 4th, and 5th grade, respectively.  
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Figure 3.1 

Research Design for The Delayed Treatment Randomized Controlled Trial 

 

Note. Treatment effects the WKe-Book intervention were examined at phase 2 (referred to as 

“post-test”) for the current study. Phase 3 assessments were not analyzed in this study. 
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Figure 3.2 

Students’ Mean Score on the Word Knowledge Task and its Subtests at Pre-test and Post-test 

Based on Treatment Condition  

 

Note. (A) Students’ mean score on the Matching Subtest. (B) Students’ mean score on the 

What’s the Meaning of this? subtest. (C) Students’ mean score on Let’s Figure it Out. subtest. 

(D) Students’ mean total score on the Word Knowledge Task. Students in the treatment group 

performed significantly better on the Matching subtest and on the total Word Knowledge Task 

compared to the students control group at Post-test, after controlling for their pre-test scores and 

grade level. Error bars represent ± 1 standard error. 

 

A 

 

B 

 

 

C 

 
 

 

D 

 



 

176 
 

Figure 3.3 

Students’ Mean Score on Word Knowledge Calibration at Post-test Based on Condition 

 
 

 
 

Note. Students’ mean score on the three different categories of strong word knowledge 

calibration (top) and on the three categories of calibration (bottom). After controlling for grade 

level, students in the treatment group were more likely to accurately assess their word knowledge 

when they knew or partially knew the target word but were less likely to report that they did not 

a target word when they did not know the word. Students in the treatment and control group did 

not significantly differ on their total well calibrated, overestimate, or underestimate scores. Error 

bars represent ± 1 standard error. 
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Figure 3.4 

Students’ Mean Score on Strategy Use Assessment at Post-test Based on Treatment Condition 

 

Note. After controlling for grade level, students in the treatment group did not significantly differ 

from their peers in the control group in reporting that they used the specific strategies targeted in 

the WKe-Book intervention to figure out the meaning of target words. Error bars represent ± 1 

standard error.  
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Figure 3.5 

Students’ Mean Gaze Duration and Rereading Time for Target Words at Pre-Test 

A 

 

B 

 

C 

 

D 

 

 

Note. (A) Students’ mean gaze duration for target words and non-words. (B) Students’ mean 

rereading time for target words and non-words. (C) Students’ mean gaze duration for target 

plausible and implausible words. (D) Students’ mean rereading time for target plausible and 

implausible words. Students generally had a significantly longer gaze duration and rereading 

time for non-words compared to words and longer rereading time for implausible words 

compared to plausible words at pre-test. Error bars represent ± 1 standard error. 
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Figure 3.6 

Students’ Gaze Duration for Target Words and Non-Words at Pre-test and Post-test Based on 

Treatment Condition 

 

Note. Students in the treatment group did not significantly differ in their gaze durations for words 

versus non-words compared to the students in the control group. Error bars represent ± 1 

standard error. 
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Figure 3.7 

Students’ Gaze Duration for Target Plausible Words and Implausible Words at Pre-test and 

Post-test Based on Treatment Condition 

 

Note. Students in the treatment group generally had a smaller difference in their gaze duration for 

plausible vs. implausible words (i.e., smaller inconsistency effect), compared to student in the 

control group. Error bars represent ± 1 standard error. 
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Figure 3.8 

Students’ Rereading Time for Target Words and Non-Words at Pre-test and Post-test Based on 

Treatment Condition 

 

Note. Students in the treatment group demonstrated a marginally significantly smaller difference 

in their rereading time for words versus non-words, compared to students in the control group 

Error bars represent ± 1 standard error. 
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Figure 3.9 

Students’ Rereading Time for Target Plausible Words and Implausible Words at Pre-test and 

Post-test Based on Treatment Condition 

 

Note. Students in the treatment group did not generally differ in their reading times for plausible 

versus implausible words compared to students in the control group. Error bars represent ± 1 

standard error. 

 

 

 

 

 

 

 

 

 



 

183 
 

CHAPTER 5: Discussion 

While comprehension monitoring is an essential part of effective reading comprehension 

(Kinnunen et al., 1998), many students are not able to proficiently evaluate and regulate their 

comprehension. While previous studies have examined comprehension monitoring, its 

underlying processes, relations with students’ individual differences, and examining it via eye-

movement methodology at different levels needed further examination. To address these gaps, 

through three interrelated studies, this dissertation aimed to investigate comprehension 

monitoring at the word- and sentence- level in third through fifth grade students via eye-

movement methodology. Study 1 of this dissertation aimed to better elucidate how students’ 

comprehension monitoring may be related to their reading comprehension and vocabulary skills. 

Study 2 aimed to examine how students’ individual differences in behavioral inattention and 

hyperactivity/impulsivity may be related to their comprehension monitoring skills. Finally, Study 

3 aimed to investigate the extent to which participating in an e-book intervention may impact 

students’ comprehension monitoring skills. 

Summary of Key Findings 

Study 1 

Study 1 examined how students in third through fifth grade may differ in their 

comprehension monitoring skills at the word- and sentence-level, and how these skills may be 

related to their general reading comprehension, vocabulary knowledge, and age/grade level. The 

results of this study, generally demonstrated evidence of comprehension monitoring at the word- 

and sentence-level as assessed by a new and previously developed eye-movement task. However, 

as expected, the extent of comprehension monitoring skills varied by students’ reading 

comprehension, vocabulary knowledge, and age/grade level. Word-level comprehension 
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monitoring was assessed by examining the amount of time students spent viewing the non-words 

compared to words, and sentence-level comprehension monitoring by comparing implausible 

words to plausible words. comprehension evaluation was examined by measuring the amount of 

time students read (gaze duration) and reread (rereading time) the inconsistent compared to 

consistent target words. The results of this study demonstrated that the newly developed eye-

movement task could effectively be used in examining third through fifth grade students’ 

comprehension monitoring, as it caused a breakdown in students’ reading indicated by their 

longer gaze durations and rereading times. 

Regarding comprehension evaluation at both word-level and sentence-level, the results 

demonstrated no significant relation between evaluation skills (i.e., detecting inconsistencies) 

and reading comprehension. This supports the idea that comprehension evaluation may be more 

automatic (Connor et al., 2015) than previously thought (Cain et al., 2004; Oakhill et al., 2005), 

at least for this age range. However, students with stronger vocabulary knowledge demonstrated 

larger inconsistency effects (i.e., longer gaze durations for inconsistent words than consistent 

words). Regarding word-level comprehension regulation at the word- and sentence-level, the 

results revealed a significant relation with reading comprehension and vocabulary knowledge. 

Students with stronger skills were more likely to regulate their comprehension as indicated by 

longer rereading times for inconsistent words compared to consistent words. Additionally, the 

results suggested that older students were more likely to regulate their comprehension after being 

confronted with word- and sentence-level inconsistencies, possibly due to their stronger 

metacognitive/metalinguistic awareness and information processing capabilities (Gombert, 1992; 

Kinnunen & Vauras, 2010; Ruffman, 1996). Together, these findings suggest that students with 

stronger literacy skills and those who are older are more likely to engage in regulating their 
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comprehension using repair strategies, such as rereading. This could be due to their advanced 

reading goals (i.e., intended level of comprehension or standards of coherence), stronger ability 

to construct situation models (Rubman & Waters, 2000; van der Schoot et al., 2012), and their 

knowledge and ability to employ repair strategies to regulate comprehension (Connor et al., 

2015; Garner & Reis, 1981; Myers & Paris, 1978). The use of eye-movement tasks, such as those 

used in this study, allow for a more uniform, precise, and objective measure of comprehension 

monitoring skills. Better understanding what aspects of comprehension monitoring students 

might struggle with, allows for more effective instruction. For example, the findings of this study 

suggests that students may benefit from learning how to employ appropriate repair strategies to 

further engage in comprehension regulation and to become more strategic readers. 

Study 2 

Study 2 examined how third through fifth grade students’ behavioral ratings of 

inattention and hyperactivity/impulsivity may be related to their online comprehension 

monitoring skills, after controlling for their grade level and vocabulary knowledge differences. 

Comprehension evaluation and regulation at the word- and sentence-level were examined via 

eye-movement methodology similar to Study 1. The results of this study demonstrated no 

significant relations between students’ comprehension evaluation at either the word- or sentence-

level and their inattention or hyperactivity/impulsivity levels. This may further suggest that 

detecting inconsistencies or comprehension evaluation during this age is a more automatic 

process, similar to Study 1 and previous studies (Connor et al., 2015). Similarly, the results 

revealed no significant relation between students’ comprehension regulation at either the word- 

or sentence-level and their inattention and no significant relation between comprehension 

regulation at the word-level and hyperactivity/impulsivity ratings. However, the findings 
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demonstrated that higher hyperactivity/impulsivity rating was related to lower likelihood of 

comprehension regulation at the sentence-level. More specifically, students with higher 

hyperactivity/impulsivity were found to attempt to regulate their comprehension at a lesser 

extent, after confronting sentence-level inconsistencies, as indicated by shorter rereading times. 

The different findings for word-level and sentence-level may be because monitoring for 

sentence-level (i.e., internal) inconsistencies is more cognitive demanding as it necessitates a 

higher level of integration of the relevant information in text, constructive processing, and 

inference generation (Baker 1984; Oakhill et al., 2005; Rubman & Waters, 2000; Markman 

1979). The findings of this study further confirmed that comprehension monitoring may be more 

challenging for impulsive students when confronted with sentence-level inconsistencies (Stahl et 

al., 1986) and that impulsive students are less likely to pause and reflect (Lan et al., 1998; 

Shipman & Shipman, 1985) to engage in comprehension regulation after their comprehension 

breaks down. Thus, these students may benefit from learning how to actively employ appropriate 

repair strategies to better resolve their misunderstandings. 

Study 3 

Study 3 examined the effects of participating in the interactive Word Knowledge e-Book 

(WKe-Book) intervention on third through fifth grade students’ online comprehension 

monitoring, in addition to their word knowledge, word knowledge calibration, and strategy use. 

Comprehension monitoring was assessed using the same eye-movement tasks as in Study 1 and 

2. Similar to the previous study examining the effects of WKe-Book (Connor et al., 2019), this 

study found that students generally demonstrated gains on their word knowledge and word 

knowledge calibration after participating in the intervention. However, contrary to our 

expectations, the findings did not demonstrate a significant effect of treatment on students’ 
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explicit strategy use or evidence for improvements in online comprehension monitoring skills as 

indicated by students’ eye-movement behavior. It is possible that the small changes in students’ 

eye-movement behavior were not captured using the eye-movement tasks, as these processes can 

be slow and may not be captured when targeting small regions of interests (Joseph et al., 2021), 

or using the specific stimuli used. For example, the visual format of text and the availability of 

meaningful text have been found to be essential for spontaneous rereading (White et al., 2017). 

Moreover, examining different types of regressions to the words prior and the amount of time 

spent viewing words following the inconsistent target words, in addition to the inconsistent 

words themselves, may allow for better examining readers’ eye-movements and rereading 

behavior (Inhoff et al., 2019; Kim et al., 2018). More importantly, these findings suggest that 

improving the complex and metacognitive skills of comprehension monitoring may necessitate 

longer interventions. Moreover, it is possible that the newly learned monitoring skills and 

reading strategies in the intervention may have not been easily transferable to new tasks (Schraw 

& Gutierrez, 2015). Thus, it might be necessary to teach students transfer of reading strategies 

(Pressley & Harris, 2006) by scaffolding them to practice using strategies in different contexts 

and teaching them to create links between strategies and their applications (Duffy, 2002; 

Dunlosky et al., 2005). With the use of today’s technology and considering what instruction 

students may benefit from the most, evidence-based interactive e-books, in addition to classroom 

instruction, hold the potential to encourage independent sustained reading and word knowledge 

gains. 

Conclusions  

Together, the three studies in this dissertation elucidated how comprehension monitoring 

may be examined using eye-movement methodology and how this metacognitive skill may be 
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related to third through fifth grade students’ individual differences. Moreover, the findings have 

important educational implications for developing more effective literacy interventions to 

specifically target the skills with which students struggle. While previous studies have suggested 

that many students lack general comprehension monitoring skills, the results of this dissertation 

distinguished between aspects of comprehension monitoring to demonstrate which processes 

may be the most challenging. The findings elucidated that comprehension regulation is generally 

more challenging for students, especially when confronted with internal inconsistencies. Thus, 

students may benefit the most from instruction that targets this skill in different ways. It is 

essential to also foster students’ text-specific and linguistic-specific processes by promoting 

reading fluency and vocabulary knowledge, as necessary (Connor, 2016). A potential target for 

improving comprehension monitoring skills could be teaching students to raise their standards of 

coherence for meaning integration when reading. This could be fostered by scaffolding them to 

be more reflective when reading, such that they actively and consciously monitor whether or not 

they understand what they are reading and to stop and use repair strategies to facilitate better 

comprehension when needed. Think-aloud strategies or directed reading-thinking activities might 

be effective ways to support this learning process (Baumann et al., 1992). Moreover, it is 

especially important for students to have appropriate repair strategies in their “toolbox” and 

practice employing them in different situations, when their comprehension fails due to various 

reasons (van den Broek et al., 2005). Therefore, students may benefit from explicit instruction of 

various reading comprehension strategies (Willingham & Lovette, 2014) and learning how to 

transfer their newly learned reading strategies to different situations (Pressley & Harris, 2006) 

through practicing employing strategies in various contexts and learning to create connections 

between specific strategies and their applications (Duffy, 2002; Dunlosky et al., 2005). 



 

189 
 

References 

Baker, L. (1984). Spontaneous versus instructed use of multiple standards for evaluation 

comprehension: Effects of age, reading proficiency, and type of standard. Journal of 

Experimental Child Psychology, 38, 289– 311. 

Baumann, J. F., Seifert-Kessell, N., & Jones, L. A. (1992). Effect of think-aloud instruction on 

elementary students' comprehension monitoring abilities. Journal of Reading 

Behavior, 24(2), 143-172. 

Cain, K., Oakhill, J., & Bryant, P. (2004). Children’s reading comprehension ability: Concurrent 

prediction by working memory, verbal ability, and component skills. Journal of 

Educational Psychology, 96, 31–42.  

Connor, C. M. (2016). A lattice model of the development of reading comprehension. Child 

development perspectives, 10(4), 269-274. 

Connor, C. M., Day, S. L., Zargar, E., Wood, T. S., Taylor, K. S., Jones, M. R., & Hwang, J. K. 

(2019). Building word knowledge, learning strategies, and metacognition with the Word-

Knowledge e-Book. Computers & Education, 128, 284-311. 

Connor, C.M., Radach, R., Vorstius, C., Day, S.L., McLean, L. & Morrison, F.J. (2015). 

Individual differences in fifth graders’ literacy and academic language predict 

comprehension monitoring development: An eye-movement study, Scientific Studies of 

Reading, 19(2), 114–134. 

Duffy, G. G. (2002). The case for direct explanation of strategies. In C.C. Block & M. Pressley 

(Eds.) Comprehension instruction: Research-based best practices, (pp. 28-41). New 

York: Guilford. 



 

190 
 

Dunlosky, J., Rawson, K. A., & Middleton, E. L. (2005). What constrains the accuracy of 

metacomprehension judgments? Testing the transfer-appropriate-monitoring and 

accessibility hypotheses. Journal of Memory and Language, 52(4), 551-565. 

Garner, R., & Reis, R. (1981). Monitoring and resolving comprehension obstacles: An 

investigation of spontaneous text lookbacks among upper-grade good and poor 

comprehenders. Reading Research Quarterly, 569-582. 

Gombert, J. E. (1992). Metalinguistic development. Chicago, IL: University of Chicago Press. 

Inhoff, A. W., Kim, A., & Radach, R. (2019). Regressions during reading. Vision, 3(3), 35. 

Joseph, H., Wonnacott, E., & Nation, K. (2021). Online inference making and comprehension 

monitoring in children during reading: evidence from eye movements. Quarterly Journal 

of Experimental Psychology. https://doi.org/10.1177/1747021821999007 

Kim, Y. S. G., Vorstius, C., & Radach, R. (2018). Does online comprehension monitoring make 

a unique contribution to reading comprehension in beginning readers? Evidence from eye 

movements. Scientific Studies of Reading, 22(5), 367-383. 

Kinnunen, R., & Vauras, M. (2010). Tracking online metacognition: Monitoring and regulating 

comprehension in reading. In A. Efklides & P. Misailidi (Eds.), Trends and prospects in 

metacognition research (pp. 209–258). New York, NY: Spring. 

Kinnunen, R., Vauras, M., & Niemi, P. (1998). Comprehension monitoring in beginning 

readers. Scientific studies of Reading, 2(4), 353-375. 

Lan, W., Repman, J., & Chyung, S. Y. (1998). Effects of practicing self-monitoring of 

mathematical problem-solving heuristics on impulsive and reflective college students' 

heuristics knowledge and problem-solving ability. The Journal of experimental 

education, 67(1), 32-52. 



 

191 
 

Markman, E. M. (1979). Realizing that you don't understand: Elementary school children's 

awareness of inconsistencies. Child development, 643-655. 

Myers, M., & Paris, S. G. (1978). Children's metacognitive knowledge about reading. Journal of 

Educational psychology, 70(5), 680. 

Oakhill, J., Hartt, J., & Samols, D. (2005). Levels of comprehension monitoring and working 

memory in good and poor comprehenders. Reading and Writing: An Interdisciplinary 

Journal, 18(7-9), 657-686. 

Pressley, M., & Harris, K. R. (2006). Cognitive Strategies Instruction: From Basic Research to 

Classroom Instruction. In P. A. Alexander & P. H. Winne (Eds.), Handbook of 

educational psychology (pp. 265–286). Lawrence Erlbaum Associates Publishers. 

Rubman, C. N., & Salatas Waters, H. (2000). A, B seeing: The role of constructive processes in 

children's comprehension monitoring. Journal of Educational Psychology, 92(3), 503. 

Ruffman, T. (1996). Reassessing children’s comprehension-monitoring skills. In C. Cornoldi & 

J. V. Oakhill (Eds.), Reading comprehension difficulties: Processes and intervention (pp. 

33–67). Mahwah, NJ: Lawrence Erlbaum Associates.  

Schraw, G., & Gutierrez, A. P. (2015). Metacognitive strategy instruction that highlights the role 

of monitoring and control processes. In Metacognition: Fundaments, applications, and 

trends (pp. 3-16). Springer, Cham. 

Shipman, S., & Shipman, V. C. (1985). Cognitive styles: Some conceptual, methodological, and 

applied issues. Review of research in education, 12(1), 229-291. 

Stahl, S. A., Rinehart, S. D., & Erickson, L. G. (1986). Detection of inconsistencies by above and 

below average reflective and impulsive sixth graders. The Journal of Educational 

Research, 79(3), 185-189. 



 

192 
 

Van den Broek, P., Rapp, D. N., & Kendeou, P. (2005). Integrating memory-based and 

constructionist processes in accounts of reading comprehension. Discourse 

Processes, 39(2-3), 299-316. 

Van der Schoot, M., Reijntjes, A., & van Lieshout, E. C. (2012). How do children deal with 

inconsistencies in text? An eye fixation and self-paced reading study in good and poor 

reading comprehenders. Reading and Writing, 25(7), 1665-1690. 

White, S. J., Lantz, L. M., & Paterson, K. B. (2017). Spontaneous rereading within sentences: 

Eye movement control and visual sampling. Journal of Experimental Psychology: 

Human Perception and Performance, 43(2), 395. 

Willingham, D. T., & Lovette, G. (2014). Can reading comprehension be taught. Teachers 

College Record, 26. 

 

 

 

 




