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ABSTRACT 

 Recent developments in eye movement recording have led to its increased use in research 

with previously “hard-to-track” individuals, including young children.  In addition, in light of its 

unique potential for capturing concurrent behaviors and mechanisms underlying the reading 

process, reading researchers have demonstrated increased interest in using the technology to 

investigate reading skill development and instructional effects.  However, due to its newness in 

the field of applied reading research, the use of eye-tracking methodology is certainly not 

without its limitations, and substantial gaps remain within the existing scientific literature.  The 

first study in this dissertation examined the technical adequacy (i.e., test-retest reliability, 

alternate-form reliability, and concurrent criterion-related validity) of recently utilized eye 

movement measures among 175 second-grade students.  The second study investigated the 

influences of age and word frequency on eye movement patterns exhibited by 72 unskilled 

readers (36 adult literacy learners and 36 students in Grades 2–5 matched on broad achievement 

level) during four consecutive rereadings of the same text.  Taken together, results from both 

empirical studies affirm the link between students’ eye movements during reading and their level 



 

of reading skills (e.g., broad reading achievement, as measured by more traditional assessment 

tasks) and extend upon and clarify previous eye movement research with adults and children. 
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CHAPTER 1 

INTRODUCTION 

 Eye tracking is a unique technology that allows researchers to observe and examine 

multiple behaviors and processes underlying reading (Rayner, 1998).  Specifically, eye 

movement research is based on the assumption that eye movement patterns consisting of rapid 

movements (saccades) and pauses (fixations) reflect otherwise unobservable information 

processing involved in reading (LaBerge & Samuels, 1974; Rayner, 2009).  Past research 

indicates that individuals extract textual information during fixations, then direct their eyes to 

new locations to gather subsequent input from areas of visual acuity.  During saccades (the 

movements between fixations), vision is suppressed, and readers do not extract information 

(Rayner, Chace, Slattery, & Ashby, 2006).  Occasionally, readers make backward saccades 

(regressions), which seem to reflect further processing of previously encountered information or 

correction for misdirected movements (Just & Carpenter, 1980; Rayner et al., 2006). 

 Characteristics of readers’ eye movements (e.g., length, frequency, and duration) have 

been noted to change as a function of the level of difficulty associated with reading a particular 

text; increased difficulty, due to a reader’s skill level and/or the difficulty level of a passage, is 

associated with lengthier fixations, shorter saccades, and more regressions (Rayner et al., 2006).  

Thus, eye movement patterns provide researchers with a dynamic record of information 

processing that allows them to pinpoint reading ease or difficulty within a text.  As a result, by 

recording and analyzing the magnitude, count, and temporal extent (i.e., duration) of the 

aforementioned movements, researchers can gain a sense of how and when different textual 
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variables (e.g., word length, frequency, predictability, etc.) aid or disrupt processing.  For 

example, studies indicate that readers spend more time fixating on and, thus, require more time 

in processing uncommon, difficult, important, and long words as compared to familiar, short, and 

function words (Just & Carpenter, 1980; Rayner, 1983; Rayner, 2009).  Due to established 

relationships between eye movement characteristics and textual processing, reading researchers 

can regard eye movement patterns as behavioral indicators of problems or skills with encoding 

and comprehending text (Rayner et al., 2006). 

 Not only does eye tracking allow researchers to localize effects of textual variables on 

reading, but it also presents researchers with numerous technological advantages.  Given its high 

temporal resolution (i.e., recording capabilities at the millisecond level), eye tracking yields 

information regarding the time course of reading behaviors and is recognized as an ideal method 

for inferring moment-to-moment processes (Rayner, 1998, 2009; Rayner et al., 2006).  Eye 

tracking also allows researchers to observe natural reading directly without relying on secondary 

tasks (Rayner, 1998) or conflating silent reading behavior with other phenomena like recall or 

articulation (Rayner et al., 2006).  Finally, because of the highly detailed records it produces, eye 

tracking enables examination of multiple processes (e.g., word recognition, higher-level 

processing) and behaviors (e.g., fixations, saccades, regressions) within a single sample of data 

(e.g., a single reading of a given passage; Just & Carpenter, 1980; Rayner, 1998). 

 In addition to enabling empirical investigation of behaviors underlying reading and 

yielding theoretical insight regarding textual processing, eye-tracking research has valuable 

implications for the practice of school psychology.  Unlike commonly utilized reading measures 

that simply capture overall changes in outcomes (e.g., performance on broad measures of 

academic skill; changes in fluency measured in words read correctly in a minute, WRCM), eye 
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monitoring allows researchers to investigate instructional effects with precision and to identify 

improvements specific to certain words or passage characteristics.  Eye movement studies by 

Foster, Ardoin, and Binder (2013) and Ardoin, Binder, Zawoyski, Foster, and Blevins (2013) 

suggest that commonly used fluency-based intervention procedures primarily improve students’ 

reading of low-frequency words.  Eye-tracking research also has the potential to clarify the 

developmental trajectories of and relationships among component skills of reading (i.e., 

phonemic awareness, phonics, fluency, vocabulary, and comprehension; National Institute of 

Child Health and Human Development [NICHD], 2000).  For example, recent eye movement 

studies have indicated that careful rereading may facilitate comprehension but adversely impact 

fluency (Vorstius, Radach, Mayer, & Lonigan, 2013) and that phonemic awareness skills 

contribute to later silent reading fluency and word recognition (Ashby, Dix, Bontrager, Dey, & 

Archer, 2013).  Such studies have the potential to yield greater insight into students’ reading 

behavior during assessment and intervention tasks (Miller & O’Donnell, 2013), to help identify 

appropriate targets for intervention, and to inform effective instructional practices. 

 Coupled with the advantages outlined above, recent developments in eye-tracking 

technologies have led to their increased use in reading research, broadening the array of extant 

studies in the scientific literature on eye movements.  In contrast with eye trackers utilized during 

the 1980s and 1990s, modern eye-monitoring systems better account for head movement and, 

thus, do not require absolute head stabilization dependent on apparatuses like headrests and bite 

bars.  As a result, researchers can conduct eye tracking with a broader range of participants than 

previously possible, including individuals wearing eyeglasses and young children who have 

difficulty remaining still for extended periods of time (Blythe & Joseph, 2011; Miller & 

O’Donnell, 2013; Rayner, Ardoin, & Binder, 2013).  Modern eye-tracking systems also are more 
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“user-friendly” and easier to master, require less effort on the part of experimenters (e.g., do not 

require hand scoring of data; Rayner et al., 2013), and offer users advanced capabilities (e.g., 

improved software and sampling rates) and increased portability at lower costs (Miller & 

O’Donnell, 2013). 

 Alongside technological advances that have improved the feasibility of conducting eye 

movement research with broader ranges of participants, researchers’ growing interest in skill 

development has yielded an increasing number of eye movement studies on similarities and 

differences between skilled and unskilled reading behavior.  Whereas earlier cognitive studies 

focused on the “end state” of successful reading acquisition (Miller & O’Donnell, 2013) and 

were conducted with proficient adult readers (i.e., college students or graduates), recent research 

has examined how the eye movements of adults and children resemble and/or differ from each 

other with regard to both the eye movements themselves (i.e., oculomotor functioning) and the 

patterns they constitute, which are thought to reflect linguistic processing (e.g., Blythe, Häikiö, 

Bertram, Liversedge, & Hyönä, 2011; Blythe, Liversedge, Joseph, White, & Rayner, 2009; 

Joseph & Liversedge, 2013). 

 Studies of eye movement control among adults and children reveal several similarities 

between groups.  Research on the perceptual span (i.e., the area from which useful information 

can be obtained during a fixation) indicates that, as early as the sixth grade, child and adult 

readers extract comparable amounts of word length information (Rayner, 1986), letter feature 

information (Rayner, 1986), and letter identity information (Häikiö, Bertram, Hyönä, & Niemi, 

2009) during fixations.  In addition, both beginning readers and adult readers exhibit 

asymmetrical perceptual spans, such that they are able to acquire more information to the right of 

a fixation than to the left (Rayner, 1986).  Eye movement research also suggests that adults and 
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children process information during reading in similar ways.  Children and adults appear equally 

capable of processing words even after seeing them for extremely brief intervals (e.g., as short as 

80 ms); by the age of 7 years, children capture visual information almost as quickly and 

efficiently as do adults (Blythe et al., 2009).  Furthermore, both adults and children seem to 

adjust their allocation of visual attention based on different text characteristics.  For example, 

elementary students and adult readers attend to and process information further to the right of a 

fixation when reading unified words (e.g., compound words that are spatially close together) 

versus separate words (Häikiö, Bertram, & Hyönä, 2010). 

 Despite similarities in the oculomotor control and eye movement behaviors of adults and 

children, research has also identified many differences between the eye movement patterns 

exhibited by each group.  Compared to adults, children skip words (i.e., do not fixate on them) 

less frequently, refixate on words more frequently (Blythe et al., 2011), and make a large number 

of short, “express” saccades (occupying less than a single letter position) that are not emitted 

during adult reading behavior (McConkie et al., 1991).  Children also primarily focus their visual 

attention on words in the center of their fields of vision and thus extract less “preview” 

information from upcoming words (Rayner, 1986).  Studies of binocular coordination indicate 

that, although both children and adults are able to coordinate distinct visual input from each eye 

into a unified percept, children exhibit greater disparity between eyes and make a higher 

proportion of crossed fixations (such that the left eye is further to the right than the right eye, and 

vice versa) than adults (Blythe et al., 2006; Kirkby, Webster, Blythe, & Liversedge, 2008).  

Given that the disparity between eyes does not vary as a function of processing difficulty, age-

related differences in binocular coordination (i.e., how the two eyes move in relation to each 

other) seem to stem from developmental differences in eye motor control (Blythe et al., 2006; 
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Kirkby et al., 2008).  However, research indicates that age-related differences in eye movement 

patterns during reading (i.e., how the eyes move in relation to text) primarily relate to 

developmental differences in linguistic processing.  Eye movement studies have suggested that, 

compared to adults, children utilize similar yet slower mechanisms for syntactic processing (i.e., 

computing the structures of language; Joseph & Liversedge, 2013), are slowed down more when 

reading and processing long words (Joseph, Liversedge, Blythe, White, & Rayner, 2009), and are 

less skilled at integrating real-world, practical knowledge into sentence representations (Joseph 

et al., 2008). 

 Although the current chapter has mentioned only a small portion of the eye movement 

studies conducted with adults and children, this research literature suggests that, in general, 

group differences in eye movement patterns during reading relate to differences in reading skill 

and linguistic processing.  That is, age-related differences during reading do not seem to result 

from differences in the actual mechanics of adults’ and children’s eye movements, but rather 

from differently developed reading-related skills (e.g., the ability to identify words efficiently, 

the ability to integrate practical information with textual information; Reichle et al., 2013).  

Adults and children appear to direct their eyes similarly with regard to where they move or land 

(e.g., where within a word to initially fixate), but their decisions about when to move their eyes 

are under cognitive control and are influenced strongly by linguistic processing (Reichle et al., 

2013; Zang, Liang, Bai, Yan, & Liversedge, 2013).  Furthermore, children and adults exhibit 

similar processing mechanisms, but those of children are typically less efficient and require 

longer courses of time (Blythe & Joseph, 2011).  Of note, these general conclusions also align 

with findings from eye movement research conducted with children at different ages and grade 

levels.  Although older and younger children demonstrate similar eye movement control (e.g., 
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target saccades to certain landing positions similarly), more skilled readers exhibit higher 

average fixation counts and durations, longer saccades, and fewer regressions (Blythe & Joseph, 

2011; Buswell, 1922; McConkie et al., 1991). 

 Despite aforementioned advances in the technology and breadth of research associated 

with the study of eye movements in reading, the use of eye-tracking methodology is certainly not 

without its flaws.  Due to its nascence in the field of applied reading research, much remains to 

be uncovered regarding how eye movement characteristics may be influenced by external factors 

impacting reading performance (e.g., inattention, sleep deprivation, anxiety, learning and 

psychological problems).  As with all assessment/data collection methods involving the sampling 

of behavior at a specific point in time, eye movement monitoring is susceptible to the influence 

of individual differences and environmental factors that may impact performance and 

compromise internal and external validity of specific results.  For example, recent studies of 

“mindless reading” (i.e., “zoning out,” such that readers are not aware of what they just read 

and/or are thinking about something other than the text; Reichle, Reineberg, & Schooler, 2010; 

Schad, Nuthmann, & Engbert, 2012) have begun to describe how inattention exerts clearly 

distinguishable effects on readers’ eye movements compared to their behavior during typical 

mindful reading.  Specifically, readers exhibit longer fixation durations, decreased sensitivity to 

lexical and linguistic variables, and more erratic eye movements even before they are aware of 

their own mind-wandering behavior (Reichle et al., 2010).  Although such research has begun to 

elucidate how reading behavior might be affected by level of attention, recent studies 

investigating the effects of other individual differences on eye movement patterns associated 

with reading are scarce.  Eye movement research also is adversely affected by other 

disadvantages, including the considerable cost, limited portability, vulnerability to technological 
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malfunction, and difficulty of data collection/analysis (e.g., time-consuming data cleaning 

procedures) associated with use of eye-tracking technology.  Although modern advances have 

mitigated these obstacles (Miller & O’Donnell, 2013), they continue to limit the feasibility of eye 

monitoring as well as its practical use.  Furthermore, due to the fine-grained nature of eye 

movement data, research based on these reading behaviors may seem to lack applied significance 

and implications compared to other assessment methods that more closely approximate everyday 

educational procedures (e.g., paper-and-pencil measures). 

 Despite these limitations and flaws, it is expected that eye movement research has the 

potential to reveal underlying mechanisms of reading and thus may expand our current 

understanding of reading behavior.  However, despite aforementioned progress, substantial gaps 

remain within the existing scientific literature.  Two such gaps, which are particularly relevant 

within the context of this dissertation, involve the technical adequacy of eye movement data and 

the influence of variables like reading skill and age on developmental differences in eye 

movement patterns. 

 Researchers have asserted that eye-tracking methods have great utility in the 

investigation of reading behavior (Rayner et al., 2006) and how it changes along with 

improvements in accuracy, fluency, and comprehension (Rayner et al., 2013).  Furthermore, the 

increasing use of eye-tracking methods in applied reading research has resulted in claims that eye 

movement studies have the potential to clarify developmental trajectories of reading acquisition, 

to guide development and validation of reading assessment methods, and to inform reading 

instruction and intervention (Miller & O’Donnell, 2013).  Such statements are based on 

experimental cognitive research that assumes a representative relationship between reading 

processes and eye movement patterns; however, given that well-designed applied research (e.g., 



 

 

9 

studies providing evidence for the use of particular instructional procedures) requires evidence of 

the reliability and validity of assessment measures (Seftor et al., 2011), research evaluating the 

technical adequacy of eye movement measures is imperative.  Although studies involving both 

eye monitoring and administration of more traditional reading measures (e.g., standardized tests 

of reading skills) have suggested predictive relationships between test performance and eye 

movement patterns (e.g., Huestegge, Radach, Corbic, & Huestegge, 2009; Kuperman & Van 

Dyke, 2011), up-to-date research primarily focusing on and investigating the reliability and 

validity of eye movement measures of reading is lacking. 

 Similarly, although studies (e.g., Joseph et al., 2008; Joseph et al., 2009; Joseph & 

Liversedge, 2013) have yielded preliminary findings regarding developmental differences 

between the eye movement patterns of adults and children, there is a need for further research 

that explicitly investigates the contributions that reading skill and age make to these differences.  

Given that eye movement studies with adults have largely examined the reading behavior of 

proficient readers (i.e., college students or graduates), it is unclear if observed differences 

between adults and children stem from age-related developmental differences in eye movements 

(i.e., differences between adults and children), differences in skill level (i.e., differences between 

skilled and unskilled readers), and/or between-group differences in linguistic processing (e.g., 

strengths and weaknesses in orthographic versus phonological processing; Greenberg, Ehri, & 

Perrin, 2002; Thompkins & Binder, 2003).  As an example, research on rereading behavior has 

yielded disparate findings between studies conducted separately with adult participants and 

children (Ardoin et al., 2013; Foster et al., 2013).  However, given the absence of controlled 

experiments directly comparing the rereading behavior of these groups, differences could relate 

to any of the aforementioned factors (i.e., age, skill level, linguistic processing profiles) and/or 
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additional differences between studied adult and child readers (e.g., strategies/approaches to 

reading, level of attention, task persistence, motivation, etc.).  Although extensive research quite 

beyond the scope of this dissertation is necessary to evaluate all of these factors, the relative 

contributions of age and skill level seem most relevant to investigate at the current time due to 

their established importance based on past research and their ability to be identified and 

controlled/manipulated.  Examining these factors offers at least partial clarification of past 

findings and seems to be a crucial stepping stone in enabling further, needed evaluations of the 

relationships between eye movements and additional group/individual differences. 

Purpose 

 The present studies sought to lessen identified gaps in the literature and to extend upon 

and clarify recent eye movement research by examining (a) the technical adequacy of recently 

utilized eye movement measures and (b) how observed developmental differences might be 

impacted by the variables of reading skill and age.  A secondary purpose of both empirical 

studies was to integrate and build upon research findings from multiple fields (i.e., cognitive 

literature including eye movement studies, applied reading research, adult literacy research).  

The first study involved the analysis of collected data detailing children’s eye movements during 

reading; Chapter 2 documents the investigation of relationships within and between these data 

and other collected assessment data indicating children’s reading skills (e.g., standardized test 

performance, curriculum-based measurement, etc.).  The second study involved observation and 

empirical investigation of eye movement patterns exhibited by unskilled adult readers and 

children during rereading; Chapter 3 details this examination of the influences of age and reading 

skill on reading behavior (as evidenced by eye movements). 
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RELIABILITY AND VALIDITY OF EYE MOVEMENT MEASURES OF CHILDREN’S 

READING1 

                                                
1 Foster, T.E. and S.P. Ardoin.  To be submitted to Reading Research Quarterly. 
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Abstract 

 In light of the practical implications of applied eye movement research, there is a clear 

need to scrutinize the methodological and design characteristics of these studies with scientific 

objectivity.  Although strong claims have been made regarding the educational utility of eye 

tracking (i.e., potential to inform theory, assessment, and instructional practices), such statements 

seem somewhat unfounded in the absence of clear evidence regarding the technical adequacy of 

eye movement data.  Past studies have yielded direct and indirect evidence concerning the utility 

of eye movements as measures of reading, but even remotely recent research explicitly 

investigating their reliability and validity is lacking.  Thus, the current study was designed to 

update and extend upon past research by investigating the test-retest reliability, alternate-form 

reliability, and concurrent criterion-related validity (relative to several current assessments of 

reading-related skills) of recently utilized eye movement measures of children’s reading.  

Participants were 175 second-grade students whose eye movements were monitored during silent 

reading of experimenter-developed narrative text(s) at 2 points in time.  Participants were also 

administered reading subtests from the Woodcock-Johnson III Tests of Academic Achievement, 

3 curriculum-based measurement probes, and a measure of morphological awareness at the first 

point of data collection.  Correlation analyses were used to evaluate the technical adequacy of 

eye movements across passage reading and for embedded high-frequency and low-frequency 

words.  Results indicate adequate reliability and validity for passage-level measures of fixation 

duration but suggest that elementary students’ reading behaviors relative to specific words are 

more variable, susceptible to change, and weakly associated with their normative levels of 

reading achievement.  Implications for conducting and interpreting eye movement studies of 

reading are discussed. 
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Introduction 

 Although the use of eye tracking originated primarily within experimental cognitive 

studies, eye-monitoring methods have become increasingly common in applied reading research 

due to several methodological advantages.  First, eye tracking allows for direct observation of 

natural reading processes.  Specifically, by monitoring eye movements, researchers can observe 

the otherwise invisible process of silent reading without requiring participants to pronounce 

words aloud or to perform secondary actions (e.g., button presses) that might impact their normal 

reading behavior (Rayner, 1998; Rayner, Chace, Slattery, & Ashby, 2006).  Second, eye tracking 

enables precise measurement of reading behaviors on both temporal and spatial levels.  That is, 

eye-tracking systems record fleeting movements in real time, allowing researchers to pinpoint 

exactly when (to the millisecond) and where within a visual stimulus (e.g., a reading passage) the 

movements occur (Rayner, 1998, 2009; Rayner et al., 2006).  The precise nature of eye 

movement recording has allowed researchers to discern the time course of behaviors underlying 

reading and to identify relationships between eye movement patterns and characteristics of given 

words within a text.  For example, research indicates that readers spend more time fixating on 

uncommon, difficult, important, and long words as compared to familiar, short, and function 

words (Just & Carpenter, 1980; Rayner, 1983, 2009).  Due to the highly detailed records it 

produces, eye tracking is also versatile.  Specifically, eye-monitoring procedures allow 

researchers to investigate multiple processes (e.g., word recognition, higher-level processing) 

within a single sample of reading behavior (Just & Carpenter, 1980; Rayner, 1998).  Eye 

movement records contain a wealth of data concerning multiple qualities (e.g., count/frequency, 

magnitude, duration) of multiple eye movements (e.g., fixations, saccades, regressions); as a 

result, data collected during a single reading trial can be aggregated and analyzed in several 
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different ways to reveal information about concurrent behaviors and processes underlying 

reading. 

Eye Movements Underlying Reading 

 During eye-tracking studies, reading researchers observe and record patterns consisting 

of two broad categories of eye movements: fixations (pauses) and saccades (rapid movements).  

Although readers generally feel like they are moving their eyes smoothly across lines of text, the 

reading process is actually characterized by a somewhat fragmented stream of eye movement 

behaviors.  While making saccades, readers move their eyes from one point to another, and 

vision is suppressed.  In contrast, during fixations, readers extract textual information from 

fixated points and surrounding areas of visual acuity (Rayner et al., 2006).  After information 

extraction and processing is complete, readers direct their eyes to new locations to gather input 

for subsequent processing (Just & Carpenter, 1980).  Although movements typically take the 

form of forward (i.e., rightward) saccades or return sweeps, which involve movement from the 

end of a line to the beginning of the next line (Just & Carpenter, 1980), readers occasionally 

make backward saccades (regressions), which are generally interpreted as additional processing 

of previously extracted information or correction for misdirected movements (e.g., overshooting 

the target location; Just & Carpenter, 1980; Rayner et al., 2006). 

 Eye movement studies are based on the assumption that eye movement patterns reflect 

cognitive processes involved in reading (LaBerge & Samuels, 1974; Rayner, 2009).  Given that 

the durations and frequencies of fixations and saccades change as a function of the reader’s skill 

level and/or the difficulty of the material being read (Rayner et al., 2006), researchers generally 

interpret these behavioral characteristics as indicators of ease or difficulty with reading a text.  

Fixations are thought to allow readers to encode words, activate their representations of words 
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and corresponding concepts, assign case roles (e.g., agent, recipient, action) to encountered 

words/concepts, process word meaning information, and integrate information across 

clauses/phrases and sentences.  Thus, fixation durations are assumed to reflect time spent 

executing these processes, such that longer fixations indicate longer processing times due to 

greater demands (Rayner et al., 2006).  Studies indicating that readers make longer fixations on 

difficult (e.g., uncommon or long) words as opposed to familiar, short, and unimportant words 

(e.g., function words; Just & Carpenter, 1980; Rayner, 1983, 2009) support the idea that eye 

movements reflect skills or problems with reading and processing.  Furthermore, researchers 

have associated increased reading difficulty—a function of individual differences and 

manipulable textual variables like word length, frequency, predictability, etc.—with shorter 

saccades and increased regressions as well as lengthier fixations (Rayner et al., 2006). 

Commonly Utilized Eye Movement Measures 

 Given that characteristics of eye movements (e.g., magnitude, count/frequency, duration) 

reflect processing demands, they vary considerably between words or sections within a given 

reading passage.  Rather than fixating once per word, readers typically fixate on only two thirds 

of the words they encounter, often skipping short function words and predictable words (Rayner 

et al., 2006).  In contrast, they sometimes fixate multiple times on other words, namely, those 

associated with increased processing difficulty (e.g., long words, unpredictable or uncommon 

words, etc.).  Readers’ tendency to exhibit uneven distributions of fixations throughout texts 

requires researchers to measure eye movements in ways that capture variability; merely 

averaging fixation time across all words in a passage would result in over- or underestimation of 

fixation time for certain words (Rayner, 1998). 
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 Researchers commonly utilize multiple eye movement measures that summarize fixation 

behavior in different ways and are thought to reflect distinct aspects of textual processing (e.g., 

Blythe, Liversedge, Joseph, White, & Rayner, 2009; Joseph & Liversedge, 2013).  To indicate 

time spent processing individual words, researchers use measures of single fixation duration 

(fixation duration when only one fixation is made on a word); first fixation duration (the duration 

of the first fixation on a word, regardless of the number of fixations made on the word); gaze 

duration (the summed duration of all of the fixations on a word prior to moving to another 

word); and total fixation time (the summed duration of all fixations, including regressions, on a 

word).  Given that the first three measures account for fixations made only during the initial pass 

through a word (i.e., before the eyes move on to another word for the first time), they are thought 

to reflect early stages of word processing (e.g., word identification or retrieval).  In contrast, total 

fixation time is thought to reflect later stages of processing (e.g., higher-level, integrative 

processes) due to its inclusion of rereading time and/or fixations made during multiple passes 

through a word.  Measures conveying the probabilities of skipping or fixating words and the 

frequencies of regressions in and out of words are also useful indicators of lexical processing.  

To reflect processing beyond the word level, researchers simply aggregate eye movement data 

collected across a wider target area; they commonly use measures like first-pass reading time 

(the summed duration of all fixations within a given region prior to moving to another region) 

and total reading time (the summed duration of all fixations, including regressions, within a 

given region) to represent sentence- or discourse-level processing (Rayner et al., 2006). 

Eye Tracking in Applied Reading Research 

 Due to recent technological advances in eye-monitoring apparatuses, the use of eye-

tracking technology has become increasingly common in applied reading research (Miller & 



 

 

22 

O’Donnell, 2013).  Whereas eye-tracking systems used in the 1980s and 1990s required the use 

of headrests and bite bars to ensure absolute head stabilization, modern eye trackers are more 

capable of handling and correcting for participant head movement.  As a result, improvements in 

eye-tracking technology have made it easier to conduct research with “hard-to-track” individuals, 

including people wearing eyeglasses and young children who have difficulty remaining still 

(Blythe & Joseph, 2011; Miller & O’Donnell, 2013; Rayner, Ardoin, & Binder, 2013).  Modern 

eye-monitoring systems also offer improved software and sampling rates and are easier to 

operate, more portable, and more affordable (Miller & O’Donnell, 2013; Rayner et al., 2013).  

Consequently, eye tracking as a research method has become more accessible and more likely to 

be utilized by researchers outside of the cognitive field in which its use began. 

 The growing use of eye tracking in applied research may also relate to increased interest 

in using the technology to investigate reading development and behavior among unskilled 

readers.  Influenced by the cognitive revolution, earlier eye movement studies focused on the 

“end state” of successful reading and, as a result, predominantly involved skilled adult readers 

(i.e., undergraduate students or college graduates; Miller & O’Donnell, 2013).  In contrast, recent 

research reflects a growing interest in examining the eye movements of developing readers.  

Recent studies with children and unskilled adult readers have sought to uncover how the eye 

movements of these individuals resemble and/or differ from those of skilled readers (e.g., Joseph 

et al., 2008; Joseph, Liversedge, Blythe, White, & Rayner, 2009) and how component skills of 

reading (i.e., phonemic awareness, phonics, fluency, vocabulary, and comprehension; National 

Institute of Child Health and Human Development [NICHD], 2000) develop over time and relate 

to each other and eye movement control (e.g., Ashby, Dix, Bontrager, Dey, & Archer, 2013; 

Vorstius, Radach, Mayer, & Lonigan, 2013).  As researchers have demonstrated increased 
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interest in conducting eye tracking with unskilled readers, participant samples in eye movement 

research have begun to more closely resemble participants in applied research on reading 

instruction. 

 Eye tracking has become increasingly common in reading research investigating skill 

development and educational practices (e.g., Ardoin, Binder, Zawoyski, Foster, & Blevins, 2013; 

Joseph, Nation, & Liversedge, 2013).  Whereas experimental studies primarily explored basic 

characteristics of eye movements and effects of linguistic variables on eye movement patterns, 

applied research focuses on implications of these phenomena for assessment and instruction.  In 

recent applied studies, researchers have used eye tracking to: (a) investigate differences in the 

reading behaviors of individuals at different stages of reading acquisition, (b) scrutinize 

relationships among component reading skills, (c) examine reading behavior during assessment 

tasks, and (d) identify instructional/intervention effects with precision (Ashby et al., 2013; 

Foster, Ardoin, & Binder, 2013; Joseph et al., 2013; Valle, Binder, Walsh, Nemier, & Bangs, 

2013; Vorstius et al., 2013).  According to eye movement researchers, such studies have the 

potential not only to clarify the developmental trajectories of and relationships among reading 

skills, but also to inform instructional targets, assessment strategies, and intervention practices 

(Miller & O’Donnell, 2013; Rayner et al., 2013). 

 In light of the increased practical implications of eye movement research, there is an 

obvious need for researchers to scrutinize the methodological and design characteristics of these 

studies with scientific objectivity.  Before conclusions from eye movement research can be 

translated into practical guidelines affecting the everyday lives of students, careful attention must 

be given to the sampling and selection of data collection instruments and procedures inherent in 

each study.  Due to individual differences in development, behavioral functioning (e.g., attention, 



 

 

24 

motivation, psychosocial strengths and vulnerabilities), educational history, and 

social/environmental factors (e.g., socioeconomic status and distribution of resources), results 

achieved with a particular sample may not generalize appropriately to students in different 

contexts.  Likewise, results are tied to the specific procedures that beget them.  Of particular 

importance is the technical adequacy of measures/instruments utilized in research; in general, 

“the higher the stakes associated with a given test use, the more important it is that test-based 

inferences are supported with strong evidence of technical quality” (American Educational 

Research Association [AERA], American Psychological Association [APA], & National Council 

on Measurement in Education [NCME], 1999).  For eye monitoring to inform educational 

theory, development of reading assessment methods, and effective instructional practices (Miller 

& O’Donnell, 2013), researchers must first inspire confidence in the use and application of eye-

tracking technologies and eye movement measures.  In line with definitions of “well-designed” 

educational research (as outlined by organizations like the U.S. Department of Education’s 

Institute of Education Sciences), researchers need to provide clear support for the reliability and 

validity of assessment measures, including eye movement data (Seftor et al., 2011). 

Properties Indicating Technical Adequacy 

 Reliability.  Under the classical true score model, reliability coefficients, or correlations 

between parallel measures (i.e., alternate forms or repeated administrations of the same 

measure), are thought to indicate the proportion of variability in observed performance that is 

due to true performance (Crocker & Algina, 1986).  Thus, higher reliability coefficients reflect a 

lesser degree of error.  According to Crocker and Algina (1986), there are no absolute guidelines 

defining a minimally acceptable level of reliability; however, many standardized test publishers 

report coefficients of equivalence or stability around .70 to .90.  Similarly, Nunnally (1978) 
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recommended that measures yield reliability coefficients of .80 in basic research or .90 to .95 in 

applied settings, in which higher-stakes decisions are made based on assessment results.  

Although many researchers use Nunnally’s (1978) definition of “modest reliability”—indicated 

by a coefficient of .70—as a cutoff criterion, “satisfactory” cutoffs for reliability depend largely 

on the purpose/use of measures (Lance, Butts, & Michels, 2006).  Furthermore, researchers 

evaluating test-retest reliability must carefully take into account how the amount of elapsed time 

between assessment administrations might affect reliability coefficients (Crocker & Algina, 

1986).  In the context of educational research, it is particularly important to consider and balance 

possible influences of events/changes unfolding during this time frame (e.g., maturation, 

instructional/intervention effects) and potential retest/practice effects. 

 Validity.  Criterion-related validity is indicated by validity coefficients, or correlation 

coefficients between scores/performance on the assessment being evaluated and the criterion 

measure (Crocker & Algina, 1986).  When considering minimally acceptable levels of criterion-

related validity, clear standards do not exist.  According to Cronbach (1970), the highest possible 

validity coefficients are desirable (i.e., “the bigger, the better”); however, coefficients rarely rise 

above .60, and even low positive correlations (e.g., .20) still indicate that a given assessment can 

predict criterion performance above chance levels.  Another indicator of criterion-related validity 

is a measure’s ability to improve prediction of criterion performance above that afforded by a 

known predictor variable.  When evaluating criterion-related validity, assessment consumers 

must also consider several potential problems including selection of a suitable criterion, small 

sample sizes, “contamination”/influence of criterion performance on predictor performance, 

restriction of range, and low reliability of measures (Crocker & Algina, 1986). 
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Research Evaluating Eye Movement Measures 

 To date, only a handful of publications have addressed the reliability and validity of eye 

movement measures directly.  More commonly, studies involving both eye tracking and 

administration of more traditional reading measures (e.g., standardized tests of reading skills) 

have hinted at the utility of eye movement data; results indicating predictive relationships 

between test performance and eye movement patterns (e.g., Huestegge, Radach, Corbic, & 

Huestegge, 2009; Kuperman & Van Dyke, 2011a) provide indirect support for the validity of eye 

movement measures.  The following section will review the extant literature —including both 

direct and indirect investigations of reliability and validity—and will outline limitations of past 

research, which the current study seeks to overcome. 

 Direct examinations of reliability and validity.  A review of the eye movement 

literature reveals that, although researchers have investigated the reliability and validity of 

measures like fixation duration and frequencies of fixations and regressions, even remotely up-

to-date research examining the technical adequacy of eye movement measures is lacking.  A 

thorough review of the eye tracking literature yielded only seven publications directly evaluating 

the utility of eye movements as measures of reading, with all seven publications (Table 2.1) 

being in the 1930s (Eurich, 1933a, 1933b; Futch, 1934; Litterer, 1932; Tinker, 1933, 1936; 

Tinker & Frandsen, 1934).  In general, these studies investigated the consistency of eye 

movements during short samples of reading and the validity of eye movement records using 

participants’ reading speed and comprehension performance as criteria.  Whereas some of the 

researchers correlated eye movement measures with performance on standardized reading 

assessments (e.g., Chapman-Cook Speed of Reading Test, Minnesota Speed of Reading Test, 

Iowa Silent Reading Test, Minnesota Reading Examination for College Students; Eurich, 1933a, 
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1933b; Litterer, 1932; Tinker, 1936), others related observed eye movements to experimental 

measures of comprehension (Eurich, 1933b; Futch, 1934) or other eye movement measures 

representing reading speed (Futch, 1934; Tinker & Frandsen, 1934).  Similarly, methods for 

calculating reliability varied, with some researchers utilizing split-half and odd-even methods for 

determining internal consistency (e.g., Tinker & Frandsen, 1934) and others correlating data 

collected across different passages (e.g., Litterer, 1932).  Despite methodological differences, 

reliability and validity evidence was comparable across studies. 

 Reported reliability coefficients (corrected for the full length of reading material, when 

applicable) were generally high, ranging from .78 to .92 (Litterer, 1932), .73 to .91 (Eurich, 

1933b), .86 to .91 (Eurich, 1933a), .55 to .93 (Tinker & Frandsen, 1934), and .80 to .94 (Futch, 

1934).  Taken together, these results suggested that eye movement measures captured reading 

behavior in a consistent manner throughout and across different types of reading material.  Thus, 

researchers deemed eye movement measures adequately reliable for making relative comparisons 

based on collected data (Tinker, 1936) and at least as reliable as well-regarded standardized tests 

(Eurich, 1933a). 

 In contrast, studies revealed limited criterion-related validity, as reflected by correlations 

between eye movement data and participants’ performance on assessments of reading speed, 

vocabulary, paragraph reading, comprehension, and broad reading achievement.  Reported 

validity coefficients indicated only moderate to fair relationships between eye movements and 

tested reading skills, ranging from −.316 to −.617 (Litterer, 1932), −.02 to −.25 (Eurich, 1933b), 

−.18 to −.55 (Eurich, 1933a), .01 to −.34 (Futch, 1934), and .01 to −.66 (Tinker, 1936).  Results 

suggested that eye movement measures lacked sufficient validity to function satisfactorily as 

diagnostic measures of reading rate or comprehension (Eurich, 1933a).  That is, eye movement 
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measures appeared to capture some aspect of reading performance distinct from rate or 

comprehension as measured by standardized tests (Eurich, 1933b).  As a result, researchers 

posited that students earning similar criterion scores might exhibit markedly different eye 

movement patterns during reading (Futch, 1934). 

 In several of the studies cited above, researchers also analyzed the intercorrelations 

between eye movement measures (i.e., perception time, fixation frequency, regression frequency, 

and pause/fixation duration) to investigate their relative utility and the relationships between 

them (Eurich, 1933a, 1933b; Futch, 1934; Tinker & Frandsen, 1934).  Across studies, results 

revealed that different eye movement measures did not appear to measure the same reading 

functions (Tinker & Frandsen, 1934).  Whereas high intercorrelations between fixation 

frequency and regression frequency (e.g., .81 to .94) suggested that they captured comparable 

reading skills (Eurich, 1933a), lower intercorrelations between both measures of frequency and 

fixation duration (e.g., .19 to .38 for fixation frequency, and .10 to .41 for regression frequency) 

indicated that fixation duration measured a distinct aspect of reading (Eurich, 1933a).  

Employing perception time—a proxy for reading speed, calculated by summing fixation time—

as a criterion against which to judge other eye movement measures, researchers labeled fixation 

frequency a “satisfactory” measure of reading, regression frequency a “fair” measure of reading, 

and fixation duration a “poor” measure of reading (Futch, 1934; Tinker & Frandsen, 1934).  Of 

note, these conclusions were consistent with earlier results suggesting greater criterion-related 

validity for fixation frequency than for fixation duration (Eurich, 1933b).  Thus, although 

aforementioned validity coefficients indicated non-optimal criterion-related validity of eye 

movement measures in general, researchers noted differences in the technical adequacy and 

utility associated with each measure (Tinker & Frandsen, 1934).  Furthermore, Futch (1934) 
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noted that, despite the lack of strong criterion-related validity evidence for eye movement 

measures, eye tracking could provide researchers with distinct information about reading (e.g., 

ongoing processes, as opposed to static performance). 

 In addition to examining the consistency and criterion-related validity of eye movements 

as indicators of reading, Eurich (1933a, 1933b) and Futch (1934) investigated relationships 

between observed eye movements and performance on other criterion assessments.  Specifically, 

they scrutinized correlations between eye movement patterns and scores representing IQ, general 

academic achievement, and comprehension of other languages.  Detailed findings are not 

presented here; however, consistent with aforementioned conclusions specific to reading, results 

indicated limited criterion-related validity. 

 In 1936, Tinker broadened the scope of reliability and validity studies by evaluating the 

test-retest reliability of eye movement measures and increasing the similarity between eye-

tracking (predictor) tasks and criterion measures.  Specifically, Tinker examined correlations 

between participants’ eye movements during two separate sittings and compared performance on 

a reading speed test administered both traditionally (i.e., with a paper version at a table) and in 

front of an eye-monitoring camera.  Results indicated that the test-retest reliability of eye 

movement measures was lower than the consistency of measures within a single sitting.  

Reliability coefficients calculated for perception time on paragraphs read during the same day 

ranged from .74 to .76, whereas corresponding coefficients for paragraphs read on different days 

ranged from .60 to .72.  Corrected correlations between recorded eye movements and earned test 

scores revealed high criterion-related validity for measures of fixation frequency (−.80 to −.99) 

and perception time (−.87 to −.90), but indicated inadequate validity for fixation duration (−.10 

to −.31).  Results also suggested that criterion-related validity of eye movement measures 
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increased with greater similarity between experimental and criterion tasks.  Specifically, validity 

coefficients relating eye movement measures to reading achievement scores ranged from −.41 to 

−.69 for eye movements during test completion, but from .01 to −.66 for eye movements during 

paragraph reading. 

 Summary.  Direct evaluations of eye movement measures from the 1930s suggested that 

such measures were adequately reliable for making relative comparisons based on collected data 

(Tinker, 1936) and at least as reliable as well-regarded standardized tests (Eurich, 1933a).  

According to one study (Tinker, 1936), the test-retest reliability of eye movement measures was 

lower than the consistency of the same measures during a single sitting.  Validity coefficients 

indicated that eye movement measures lacked sufficient criterion-related validity to function as 

diagnostic measures of reading rate or comprehension (Eurich, 1933a).  However, all measures 

were not of equal quality; fixation frequency and regression frequency appeared to possess 

greater validity than fixation duration (Eurich, 1933b; Futch, 1934; Tinker & Frandsen, 1934).  

Furthermore, criterion-related validity of eye movement measures was shown to increase with 

greater similarity between experimental and criterion tasks (Tinker, 1936).  Despite reports of 

limited criterion-related validity, studies suggested that eye movement measures had the 

potential to reflect distinct aspects of reading processes that were not captured by standardized 

reading assessments (Eurich, 1933b; Futch, 1934). 

 Indirect evidence of reliability and validity.  Although researchers have not explicitly 

investigated the technical adequacy of eye movement measures since the 1930s, more recent 

studies involving eye tracking and other assessments of reading-related skills provide indirect 

support for the reliability and validity of eye movements as measures of reading (e.g, Ashby et 

al., 2013; Kuperman & Van Dyke, 2011a, 2011b).  Such studies fail to provide definitive 
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evidence of technical adequacy but, importantly, build upon previously described research by 

suggesting relationships between observed eye movement patterns and test performance 

reflecting specific reading skills.  Whereas the aforementioned studies from the 1930s (e.g., 

Eurich, 1933a, 1933b; Futch, 1934) primarily examined associations between eye movements 

and reading speed, comprehension, and broad reading abilities, more recent research has 

involved assessment of skills like phonological processing and phonemic awareness, word 

identification, silent and oral reading fluency, spelling, phonological memory, rapid naming, and 

working memory (Table 2.2). 

 Recent eye movement studies involving correlation and regression analyses (Ashby et al., 

2013; Kuperman & Van Dyke, 2011a, 2011b) suggest that eye movement measures capture and 

reflect a wide spectrum of verbal and reading-related skills rather than a single general ability 

(Kuperman & Van Dyke, 2011a).  In two studies conducted with 71 non-college-bound young 

adults (aged 16 to 24 years), Kuperman and Van Dyke (2011a, 2011b) related performance on 17 

or 18 measures of sub-lexical, word-level, and sentence-level reading skills (i.e., tests of 

phonological awareness, phonological memory, rapid naming, word and non-word reading, 

working memory, and reading and listening comprehension) to eye movement characteristics 

during sentence reading (e.g., first fixation duration, single fixation duration, gaze duration, total 

fixation time).  In the first study, performance on rapid naming and word identification tests 

significantly predicted behavior across all eye movement measures, such that higher test 

performance was associated with shorter fixation durations, lower cumulative fixation time, and 

fewer regressions/refixations.  Furthermore, regression coefficients revealed that the predictive 

effects of rapid naming and word identification on eye movements were comparable in strength 

to well-established effects of word length and frequency.  Results also indicated that 
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performance on measures assessing working memory, phoneme reversal, and reading and 

listening comprehension significantly predicted observed eye movement patterns; however, only 

rapid naming and word identification performance consistently explained unique variance in eye 

movements (Kuperman & Van Dyke, 2011a).  In the second study, which investigated readers’ 

use of morphological information, Kuperman and Van Dyke (2011b) noted that performance on 

tests assessing word and non-word segmentation and reading comprehension skills significantly 

predicted fixation durations indicating differences in morphological processing. 

 More recently, Ashby et al. (2013) noted multiple associations between elementary 

students’ eye movements and other indicators of reading performance.  Specifically, they related 

eye movement behavior during assessments of phonemic awareness and receptive spelling to 

characteristics of silent and oral reading during the same year and 1 year later (i.e., reading 

rate/fluency, fixation count).  They also found that oral reading rate accounted for a significant 

proportion of variance in total fixation time and fixation count during silent reading 1 year later.  

Taken together, this study and those by Kuperman and Van Dyke (2011a, 2011b) suggest that 

eye movement measures and more traditional assessments of specific reading skills capture 

shared aspects of reading behavior. 

 Research documenting developmental differences in eye movement patterns also 

suggests that eye movement parameters adequately reflect changes in reading skills as measured 

by tests of broad reading, word identification, reading rate/fluency, and comprehension.  Eye 

movement studies conducted with children at different ages and grade levels (Buswell, 1922; 

McConkie et al., 1991; Valle et al., 2013) indicate that along with improved performance on 

standardized reading assessments (e.g., subtests of the Iowa Tests of Basic Skills and Woodcock-

Johnson III Tests of Academic Achievement), readers exhibit wider recognition spans, longer 



 

 

33 

saccades, fewer and shorter fixations per word (on average), and fewer regressions and 

refixations.  Furthermore, studies indicate that developmental differences in children’s eye 

movements reflect changes in linguistic skills (i.e., those assessed by traditional reading 

measures) rather than changes in oculomotor control (e.g., Huestegge et al., 2009; Hutzler & 

Wimmer, 2004).  For example, Huestegge et al. (2009) found that, whereas eye movements 

during non-reading tasks did not significantly relate to eye movements during oral sentence 

reading, measured reading skills (assessed by tests of word/sentence comprehension, naming 

speed, speeded word/sentence reading, and pseudoword reading) significantly predicted total 

reading time on target words. 

 Similar to Huestegge et al. (2009), researchers studying the eye movements of dyslexic 

and average readers have suggested that eye movement measures of reading reflect differences in 

skill level, not eye movement control.  Although some research indicates similar eye movement 

patterns across groups (e.g., Hyönä & Olson, 1995), most studies reveal differences in the 

reading behaviors of children with dyslexia—as determined by performance on standardized 

achievement tests measuring component reading skills such as phonemic awareness.  Studies 

indicate that, compared with average readers, readers with dyslexia make more and significantly 

longer fixations (Bayram, Camnalbur, & Esgin, 2012; De Luca, Di Pace, Judica, Spinelli, & 

Zoccolotti, 1999; De Luca, Borrelli, Judica, Spinelli, & Zoccolotti, 2002; Hutzler & Wimmer, 

2004), skip fewer words (Hutzler & Wimmer, 2004), are more sensitive to word length effects 

(Bayram et al., 2012; De Luca et al., 1999), and exhibit different sizes and frequencies of 

saccades and regressions (De Luca et al., 1999; De Luca et al., 2002; Hutzler & Wimmer, 2004).  

However, both groups demonstrate similar eye movement control during non-reading tasks (e.g., 

experimental tasks requiring them to make saccades toward and away from visual targets), 



 

 

34 

suggesting that aforementioned differences reflect dyslexic readers’ underdeveloped reading 

skills rather than impaired oculomotor functioning (e.g., erratic eye movements).  Together with 

evidence indicating high correlations between silent reading rate during eye monitoring and 

traditionally assessed oral reading rate (.86 to .87), these findings suggest that eye movements 

during reading are valid indicators of reading skills and difficulties (Hutzler & Wimmer, 2004). 

 Summary.  Recent studies involving eye tracking and other assessments of reading-

related skills provide indirect support for the reliability and validity of eye movements as 

measures of reading.  In particular, three lines of research suggest that eye movement measures 

consistently reflect reading skills captured by more traditional assessments of phonological 

processing, word identification, fluency, comprehension, and broad reading achievement.  These 

include: (a) studies examining relationships between eye movement measures and other 

assessments of reading-related skills, (b) studies investigating developmental differences in eye 

movement patterns, and (c) studies documenting differences in the reading behaviors of children 

with dyslexia and average readers (e.g., Ashby et al., 2013; Bayram et al., 2012; Valle et al., 

2013). 

 Limitations of extant research.  Although past studies have yielded direct and indirect 

evidence concerning the technical adequacy of eye movement measures of reading, recent 

research explicitly investigating their reliability and validity is lacking.  Eye-tracking 

technologies have changed significantly since the reliability and validity studies conducted in the 

1930s (i.e., Eurich, 1933a, 1933b; Futch, 1934; Litterer, 1932; Tinker, 1933, 1936; Tinker and 

Frandsen, 1934).  At the time of these early investigations, eye-tracking methods differed 

significantly from modern video-based systems and required attachment of recording apparatuses 

to participants’ eyes, experimenter observation of eye movements, or photography in unnatural 
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lab settings involving bright lights and absolute head stabilization (Tinker, 1933, 1936).  Due to 

technological advances (Miller & O’Donnell, 2013) and modern-day children’s increased 

experience with reading from a display as opposed to paper material, contemporary eye-tracking 

methods are much more naturalistic than those utilized in past research.  In addition, reading 

assessments employed as criteria in past studies (e.g., standardized tests of reading achievement) 

have undergone significant changes and updates since the 1930s.  Although recent studies have 

related observed eye movements to performance on current reading measures (e.g., Kuperman & 

Van Dyke, 2011a; Valle et al., 2013), researchers have not explicitly examined the criterion-

related validity of eye movement measures using current reading achievement tests.  Given that 

approximately 80 years have passed since researchers evaluated the technical adequacy of eye 

movement measures during reading, past researchers’ statements expressing the need for 

reliability and validity evidence in light of the growing use of eye tracking (e.g., an increase 

“during the last 15 years”; Tinker, 1933, p. 381) ring even more true in the present day. 

 Extant studies evaluating the quality of eye movement measures of reading are also 

limited with regard to the eye movement parameters they investigate.  Research from the 1930s 

examined fixation duration in general, as opposed to contemporary measures that summarize 

fixation duration in multiple ways (e.g., first fixation duration, single fixation duration, gaze 

duration, total fixation time).  Furthermore, eye movement records in these early studies 

summarized reading across entire passages rather than indicating behaviors specific to particular 

target words (e.g., high-frequency versus low-frequency words). 

 Finally, given that only a small number of studies have directly examined the technical 

adequacy of eye movement measures of reading, definitive replicated evidence regarding the 

reliability and validity of such measures is lacking.  To date, only one researcher (Eurich, 1933a, 
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1933b) has evaluated eye movement measures of reading among children and unskilled adult 

readers, as opposed to skilled adult readers.  Similarly, only one study (Tinker, 1936) has 

addressed the test-retest reliability of eye movement measures of reading. 

Purpose and Hypotheses 

 The current study sought to investigate the alternate-form reliability, test-retest reliability, 

and criterion-related validity of commonly utilized eye movement measures of reading (i.e., first 

fixation duration, gaze duration, total fixation time, number of regressions, proportion of words 

initially skipped, and fixation count).  By examining multiple indicators of reliability and 

validity, evaluating a wider variety of eye movement parameters, and employing several current 

assessments of reading-related skills (i.e., morphological processing, reading rate/fluency, 

decoding/word identification, comprehension, and broad reading) as criteria against which to 

judge eye movement measures, the current study overcomes aforementioned limitations and 

improves upon past research.  By utilizing a large participant sample of second-grade students, it 

is designed to extend upon findings from past research conducted with older (Eurich, 1933a) and 

fewer (Ashby et al., 2013) children.  Furthermore, through analysis of eye movements specific to 

high- and low-frequency target words, this study evaluates the consistency of eye movement 

measures of reading in a novel manner. 

 It was hypothesized that, consistent with findings in past research, eye movement 

measures would demonstrate adequate alternate-form and test-retest reliability, with coefficients 

of equivalence being greater than coefficients of stability.  In light of advancements in eye-

tracking technology, it was hypothesized that current results would indicate greater reliability 

and criterion-related validity compared to findings from past research. 
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Method 

Participants and Setting 

 Participants were 175 second-grade students with a mean age of 7 years, 8 months (range 

= 6 years, 11 months to 8 years, 8 months) at the initial point of data collection.  This sample was 

comprised of 82 boys and 93 girls and included children of White (87%), Black or African 

American (3%), Hispanic or Latino (3%), Asian (2%), and multiracial (5%) ethnicities.  Students 

were drawn from two elementary schools serving K–5 students and one primary school serving 

K–2 students located in the Southeastern United States.  Across the three schools, the percentage 

of students eligible to receive free or reduced-price meals ranged from 23% to 32%.  Students 

with a first language other than English and students receiving reading instruction outside of the 

general education classroom (e.g., special education or gifted education) were excluded from the 

current study due to reasons associated with the larger study for which these data were collected 

(i.e., a randomized controlled study involving 9 to 10 weeks of one-to-one reading intervention 

and pre- and posttest eye movement data collection).  At the initial time of data collection, 

participants demonstrated Low Average to Superior broad reading skills (range = 85 to 130; M = 

105.22), as indicated by scores summarizing their performance on three reading subtests from 

the Woodcock-Johnson Tests of Academic Achievement – Third Edition, Form A (WJ-III ACH; 

Woodcock, McGrew, & Mather, 2001).  Of note, as part of the larger study for which these data 

were collected, 112 participants received 9 to 10 weeks of one-to-one reading intervention 

(Repeated Reading n = 56; Wide Reading n = 56; Ardoin, Binder, Foster, & Zawoyski, in press), 

and 63 participants received only typical classroom instruction between points of data collection.  

However, one-way analyses of variance revealed no significant group differences in achievement 
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or eye movement data as a function of intervention condition; thus, it was expected that 

intervention procedures did not yield any effects foreseeably impacting correlation results. 

Apparatus 

 Eye movements were measured using an SR Research EyeLink 1000 system.  By default, 

eye movements were recorded from the right eye, but tracking issues occasionally necessitated 

recording from the left eye.  Although eye movements were recorded from one eye, viewing was 

binocular.  Reading text was displayed on either a 19-inch or 22-inch LCD monitor, which was 

adjusted to a comfortable level of brightness that remained constant throughout testing.  Eye 

movement monitoring was conducted in a dimly illuminated room in each participant’s school.  

The brightness of these classrooms was adjusted occasionally to minimize track losses.  

Participants were provided with a Microsoft Sidewinder Plug and Play game pad, which allowed 

them to answer comprehension questions and to indicate when they were finished reading 

displayed text without head movement. 

Materials 

 Silent reading passages.  During eye tracking sessions, participants read two 

experimenter-developed narrative passages.  One text was adapted from Anansi and the Talking 

Melon by Eric A. Kimmel, and the other passage was an original story concerning a colorful 

dragon and her best friend.  The experimenter-created passage was developed using examples 

from second- and third-grade-level reading textbooks and was designed to include a distinct 

beginning, middle, and end and a conflict or challenge.  The first passage (“Sammy”) consisted 

of 157 words in 12 sentences, and the second (“Emma”) contained 162 words in 16 sentences.  

The reading level of both stories fell at Grade 3 (range = 3.18 to 3.53), according to the Spache 

(1953) readability formula.  Embedded within both texts were five to six low-frequency target 
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words and five to six high-frequency target words.  Low-frequency words had a frequency of U 

= 10 or less, and high-frequency words had a frequency of U = 40 or above, with U indicating 

the number of instances of that word per million running words, according to The American 

Heritage Word Frequency Book (Carroll, Davies, & Richman, 1971).  Both passages were 

displayed as black text against a white background and were formatted in standard upper- and 

lowercase letters and 20-point Times New Roman font.  Passages were presented individually as 

one page of 1.5-spaced text occupying 12 to 13 lines.  The maximum line width of each passage 

was 84 and 87 characters, respectively, with 3.7 characters equaling 1 degree of visual angle. 

 Criterion measures of reading skills.  Assessments measuring participants’ reading 

achievement, oral reading fluency, and morphological awareness were administered individually. 

 Woodcock-Johnson Tests of Academic Achievement – Third Edition, Form A (WJ-III 

ACH).  Participants were administered four reading-related subtests from the WJ-III ACH 

(Woodcock et al., 2001), a comprehensive norm-referenced test of academic achievement in the 

broad areas of reading, mathematics, and writing.  The first subtest, Letter-Word Identification, 

required participants to read lists comprised of individual letters and words aloud.  During the 

second subtest, Reading Fluency, participants were given 3 min to silently read and indicate the 

veracity of as many printed sentences as possible.  The third task, Passage Comprehension, 

required participants to read sentences/short texts each containing a missing word and to provide 

the word orally (e.g., “The ___ barked, frightening the children.”)  During the last subtest, Word 

Attack, participants were asked to read lists of nonsense words (e.g., glerz) aloud.  Raw scores 

earned for each subtest and a Broad Reading composite score (an age-based standard score 

summarizing performance on the first three subtests) served as data for the current analyses. 
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 Oral reading fluency.  Participants’ oral reading fluency was assessed using three 

curriculum-based measurement probes drawn from Formative Assessment Instrumentation and 

Procedures for Reading (FAIP-R) materials.  Past research has demonstrated that the technical 

adequacy of FAIP-R passages is comparable to that of other curriculum-based measures (Christ, 

Ardoin, & Eckert, 2010; Ardoin, Eckert, et al., 2013).   Following universal screening procedures 

for curriculum-based measurement in reading (CBM-R; Shinn, 1998), participants individually 

read FAIP-R probes aloud to an examiner who monitored performance, marked errors, and 

supplied words after hesitations of 3 s.  Performance across all three probes was used to calculate 

median scores in words read correctly in a minute (WRCM) for each participant. 

 Morphological awareness.  The Test of Morphological Structure (Carlisle, 2000) was 

administered to assess participants’ ability to use morphemic knowledge (i.e., knowledge of base 

words and suffixes) to decompose and produce derived forms of words.  During this task, an 

examiner orally read a target word followed by a sentence missing its final word, then prompted 

the participant to provide the correct form of the target word to complete the sentence (e.g., 

“Driver.  Children are too young to ___”; “Farm.  My uncle is a ___”).  Correct responses (e.g., 

“drive,” “farmer”) earned 1 point each, and the test was discontinued after six cumulative 

incorrect responses.  Raw scores based on 28 test items were used in the current analyses. 

Procedure 

 Eye movement recording was conducted individually, with each participant sitting 

approximately 50 to 55 cm from the display monitor and placing his/her chin on a chin rest  

used to minimize head movement during eye tracking.  While experimenters made slight 

adjustments to the chin rest and camera setup (e.g., changing the height of the chin rest, tilting 

the camera to better capture the eye, adjusting image thresholds), participants were informed that 



 

 

41 

they would silently read passages from the display monitor while a camera recorded their eye 

movements.  They were also instructed on how to use the game pad.  Before practice and reading 

trials, the eye-tracking system was calibrated using a nine-point grid extending across the display 

screen; experimenters explained the calibration process as a “game” requiring participants to 

follow a displayed dot with their eyes.  Upon successful calibration, another nine-point grid was 

used to validate the accuracy of tracking.  Following a practice trial, which acquainted 

participants with silently reading information from the monitor and using the game pad 

appropriately, experimenters reminded participants that they would be reading multiple passages 

silently and answering a comprehension question after each passage.  After delivering these 

instructions, experimenters recalibrated the eye-tracking system and presented each reading 

passage once participants’ eyes were positioned appropriately (i.e., fixating on a target in the 

upper left corner of the display).  Upon reading each passage, participants used the game pad to 

clear the text and to answer the resulting comprehension question. 

 In addition to the procedures outlined above, head movement and other tracking issues 

occasionally necessitated repetition of the calibration process.  Across reading trials, participants 

were instructed to do their “best reading” and to try to read each word without assistance.  They 

were also instructed to read the entire passage each time.  Participants were not informed 

whether their answers to comprehension questions were correct, and their responses were not 

scored or analyzed; questions were provided primarily to ensure that participants were reading 

for comprehension rather than solely focusing on reading rate. 

 The current study involved analysis of eye movement data collected during pre- and post-

intervention assessment for a larger project involving 9 to 10 weeks of reading intervention.  

Thus, eye-tracking sessions yielded more data than are reported here.  Each pretest session 
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(lasting approximately 5 to 10 min) included a practice trial and one reading trial, and each 

posttest session (approximately 15 to 20 min in length) included a practice trial, two reading 

trials, and four rereading trials.  Current analyses involved eye movement data recorded during 

participants’ pretest sessions and only the first reading and rereading trials of their posttest 

sessions. 

 Criterion measures of reading skills were administered on a separate day (i.e., not on the 

same day that eye tracking was conducted) during both pre- and post-intervention assessment 

periods.  However, current analyses involved only pretest assessment data.  All measures were 

administered individually, with each participant working with a trained examiner (i.e., graduate 

student trained in the administration of the WJ-III ACH, CBM-R, and morphological measures) 

for approximately 45 min in an unoccupied classroom. 

Results 

 Eye movement data for multiple measures of fixation duration (i.e., first fixation 

duration, gaze duration, and total fixation time), the proportion of words initially skipped, 

number of regressions per word, and average number of fixations per word were gathered from 

pre- and posttest eye movement records.  Correlation coefficients and patterns of statistical 

significance were used to investigate the reliability and validity of eye movement measures 

across passage reading and for particular types of words (i.e., embedded high-frequency words 

and low-frequency words).  For both types of analyses, Pearson correlations were calculated and 

evaluated using two-tailed tests to determine if associations between measures were statistically 

significant.  For variables where skewness and/or kurtosis exceeded statistical conventions for 

normality (i.e., ±2; Cameron, 2004), non-parametric correlations were evaluated; specifically, 

Spearman’s rho was selected for its robustness to non-normality. 
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 In total, there were missing data for 28 participants; pretest WJ-III and CBM-R data were 

missing for one participant due to school absence, and eye movement data were missing for 10 

participants at pretest and 26 participants at posttest (16 for “Sammy” and 22 for “Emma”) due 

to school absence (n = 1), track losses (n = 9 at pretest and 19 at posttest), and/or skipping or 

non-reading behavior (n = 6 at posttest).  Track losses occurred when participant movement or 

technological malfunction resulted in lost calibration/tracking.  In addition, data were lost when 

participants completely skipped reading material (e.g., used the game pad to end a reading trial 

before having finished reading) either inadvertently or purposely.  Non-reading behavior 

(reliably identified by trained coders) was characterized by shorter gaze duration and total 

fixation time, increased skipping of words, and a generally more erratic pattern of eye 

movements compared to on-task reading behavior; see Nguyen, Binder, Nemier, and Ardoin 

(2014) for additional information on this behavior. 

Descriptive Statistics 

 Means and standard deviations for all pre- and posttest eye movement measures (i.e., first 

fixation duration, gaze duration, total fixation time, average number of regressions per word, 

average proportion of words initially skipped, and average number of fixations per word) and 

pretest criterion measures (i.e., WJ-III ACH reading subtests, Broad Reading composite scores, 

CBM-R median scores, and raw scores on the Test of Morphological Structure) are reported in 

Tables 2.3–2.5.  There was considerable variability in target-word data, with the standard 

deviations of eye movement measures on high- and low-frequency words occasionally 

approaching or exceeding the means.  In contrast, standard deviation values indicated a greater 

degree of consistency among participants’ eye movements when averaged across all words in a 

passage.  Consistent with past eye movement research documenting the impact of word 
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frequency on how long readers look at individual words (Just & Carpenter, 1980; Rayner, 2009), 

mean gaze durations were longer on low-frequency target words (493.05 ms to 786.54 ms; Table 

2.5) than on high-frequency target words (384.12 ms to 489.73 ms; Table 2.4).  Finally, 

participants’ scores on criterion measures indicated consistently age-appropriate achievement on 

standardized reading tasks, with mean standard scores on the WJ-III subtests/composite ranging 

from approximately 99 to 108 (SD = 7.06 to 9.00; Table 2.3). 

Correlation Analyses 

 Intercorrelations between criterion measures are provided in Table 2.6.  Consistent with 

past research demonstrating technical adequacy comparable to that for other curriculum-based 

reading measures (Ardoin, Eckert, et al., 2013; Christ, Ardoin, & Eckert, 2010), participants’ 

median scores on FAIP-R CBM-R probes were significantly and highly correlated with their 

standard scores on WJ-III ACH subtests (r = .52 to .83; Table 2.6) and the Broad Reading 

composite (r = .86; Table 2.6).  As expected, participants’ individual WJ-III ACH scores were 

also significantly and highly intercorrelated (r = .51 to .92; Table 2.6).  Participants’ raw scores 

on the Test of Morphological Structure (Carlisle, 2000) were moderately to highly correlated at 

the .01 level with CBM-R and WJ-III ACH scores (r = .31 to .51; Table 2.6).  Of note, two 

measures of orthographic awareness (Cassar & Treiman, 1997) were administered at the time of 

testing for reasons associated with the larger study for which data were collected; however, due 

to weak (r = .02 to .16) and nonsignificant associations between these measures and other 

criterion measures of reading achievement, these data were omitted from the current study. 

 Test-retest reliability.  Stability of eye movement measures (akin to test-retest 

reliability) was assessed by examining correlation coefficients between participants’ eye 

movement characteristics during two readings of the same passage (“Sammy”) separated by an 
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interval of 9 to 10 weeks.  Of note, although some participants (n = 112) received 9 to 10 weeks 

of one-to-one reading intervention between assessment administrations whereas others received 

only typical classroom instruction, one-way analyses of variance revealed no significant group 

differences in global or target-word data as a function of intervention condition; thus, it was 

expected that intervention procedures did not yield any effects foreseeably impacting correlation 

results.  Reliability coefficients are reported in Table 2.7 for eye movement across all words 

within the passages (global analyses) and in Table 2.8 for eye movements on embedded high- 

and low-frequency words. 

 When considering participants’ global eye movements, correlation coefficients for all but 

one eye movement measure (i.e., average proportion of words initially skipped) were significant 

at the .01 level.  Furthermore, reliability estimates for all three measures of fixation duration (i.e., 

first fixation duration, gaze duration, and total fixation time) met the cutoff criterion of .70 for 

modest reliability (Nunnally, 1978), and the measure of fixation count (rs = .66; Table 2.7) 

approached the criterion for modest reliability.  In contrast, none of the correlation coefficients 

for eye movements specific to target words met criterion, despite the statistical significance of 

nearly all test-retest correlations (five of six measures on high-frequency words; all measures on 

low-frequency words); in general, estimates of stability were slightly higher for high-frequency 

words (range = .19 to .57; Table 2.8) compared to low-frequency words (range = .18 to .40; 

Table 2.8). 

 Alternate-form reliability.  Equivalence (akin to alternate-form reliability) was 

evaluated by examining correlation coefficients between corresponding eye movement measures 

on different passages read at the same sitting (i.e., readings of “Sammy” and “Emma” at posttest 

assessment).  Reliability coefficients are reported in Table 2.7 for eye movements across all 
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words within the passages (global analyses) and in Table 2.8 for eye movements on embedded 

high- and low-frequency words. 

 All six global correlation coefficients were significant at the .01 level.  In addition, 

correlations obtained for all but one eye movement measure (i.e., average proportion of words 

initially skipped) met the cutoff criterion of .70 for modest reliability (Nunnally, 1978).  In 

contrast, none of the correlation coefficients for eye movements specific to target words met 

criterion, despite the majority of them (i.e., five of six measures on high-frequency words; four 

of six measures on low-frequency words) being statistically significant.  With the exception of 

that calculated for average number of regressions per word, estimates of equivalence (i.e., 

alternate-form reliability coefficients) were generally higher for high-frequency words (range = 

.09 to .55; Table 2.8) compared to low-frequency words (range = .13 to .46; Table 2.8). 

 Concurrent criterion-related validity.  Concurrent validity estimates were obtained by 

correlating eye movement measures with participants’ standard scores on WJ-III ACH reading 

subtests, composite Broad Reading standard scores, median scores across three CBM-R probes, 

and raw scores on the Test of Morphological Structure (Carlisle, 2000) at approximately the 

same point in time (i.e., pretest assessment).  The results for validity estimates can be found in 

Table 2.7 for global eye movements and in Table 2.8 for eye movements on embedded high- and 

low-frequency words. 

 Significant moderate to high correlation coefficients were obtained with concurrent 

CBM-R (r = –.49 to –.77; Table 2.7) and WJ-III ACH measures of Letter-Word Identification (r 

= –.35 to –.56; Table 2.7), Reading Fluency (r = –.43 to –.63; Table 2.7), Passage 

Comprehension (r = –.30 to –.43; Table 2.7), and Broad Reading (r = –.40 to –.63; Table 2.7) for 

global measures of fixation duration (i.e., first fixation duration, gaze duration, and/or total 
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fixation time) and average number of fixations per word.  Significant correlations were also 

obtained with participants’ scores on the WJ-III ACH Word Attack subtest as well as the 

morphological measure for these same eye movement parameters, though the strength of these 

relationships was weak (r = –.21 to –.28; Table 2.7).  In contrast, none of the correlations 

involving global eye movement measures of skipping and regressions were significant. 

 Similar patterns of associations were found for participants’ eye movements specific to 

embedded target words; in particular, significant moderate to high correlation coefficients were 

obtained with CBM-R and WJ-III ACH measures of Letter-Word Identification, Reading 

Fluency, and Broad Reading for measures of gaze duration on both high- and low-frequency 

words (rs = –.43 to –.63 for high-frequency words; rs = –.30 to –.54 for low-frequency words; 

Table 2.8), total fixation time on high-frequency words (rs = –.39 to –.63; Table 2.8), and 

average number of fixations per word on high-frequency words (rs = –.31 to –.54; Table 2.8).  

Gaze durations on high-frequency words were also significantly and moderately correlated with 

participants’ scores on WJ-III ACH Passage Comprehension and Word Attack subtests (r = .38; 

Table 2.8).  Additional significant moderate to high correlation coefficients (rs = –.34 to –.53; 

Table 2.8) were obtained between participants’ total fixation times and average number of 

fixations per word on embedded low-frequency words and select criterion measures (i.e., CBM-

R and WJ-III Reading Fluency for both, and WJ-III ACH Broad Reading for total fixation time).  

However, validity estimates specific to low-frequency words were generally weaker in degree of 

correlation compared to those specific to high-frequency words. 

Discussion 

 Due to technological advances and increased interest in the development of reading 

behavior, the use of eye-tracking technology (which was previously limited to cognitive studies 
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with proficient adult readers) has become increasingly common in applied reading research with 

unskilled readers (e.g., children; Miller & O’Donnell, 2013).  The heightened practical 

implications of such research necessitate added scrutiny and caution regarding the technical 

adequacy of data yielded by eye monitoring procedures.  Specifically, there is a clear need for 

scientific evidence regarding the reliability and validity of the eye movement measures being 

utilized in recent educational research.  Although recent studies (e.g., Ashby et al., 2013; 

Kuperman & Van Dyke, 2011a, 2011b) have noted associations between eye movements during 

reading and more established, technically sound measures of reading-related skills (e.g., 

phonemic awareness, spelling, rapid naming, etc.), explicit investigations of the reliability and 

validity of eye movement measures have not been conducted since the 1930s with either adult or 

child readers (e.g., Eurich, 1933a, 1933b; Futch, 1934).  Furthermore, only one of those studies 

(Eurich, 1933a, 1933b) evaluated eye movement measures of reading among children and 

unskilled adult readers, as opposed to skilled adult readers.  As a result, research regarding the 

quality of eye movement measures of reading is painfully in need of update with regard to the 

use of contemporary eye-tracking technology, recently employed eye movement parameters (i.e., 

more contemporary measures, target-word data), and the population for whom current applied 

reading research is applicable (i.e., unskilled readers).  Thus, the purpose of the current study 

was to directly evaluate the test-retest reliability, alternate-form reliability, and criterion-related 

validity of recently utilized eye movement measures among a sample of participants comparable 

to those in recent educational eye movement research (i.e., elementary students). 

 As hypothesized and consistent with past research (Tinker, 1936), the results of this 

investigation indicated adequate reliability (equivalence) estimates for multiple measures of 

global eye movements, with fixation durations appearing more reliable than fixation count and 
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regression count, in that order.  Estimates of equivalence (alternate-form reliability coefficients) 

for these measures ranged from .77 to .89 (Table 2.7), representing satisfactory reliability around 

the same level as that reported by many standardized test publishers (Crocker & Algina, 1986).  

Also aligning with hypotheses based on the only previous study to address the test-retest 

reliability of eye movement measures of reading (Tinker, 1936), estimates of stability (i.e., test-

retest reliability coefficients) were numerically lower than the consistency of measures given 

during the same sitting (i.e., alternate-form reliability coefficients), ranging from .56 to .82 

(Table 2.7).  Nonetheless, all three measures of fixation duration met cutoff criteria for adequate 

test-retest reliability (Nunnally, 1978).  Thus, despite differences in participant sample (i.e., 

elementary students as opposed to college students), eye movement parameters of interest, and 

changes in eye-monitoring systems over the past 80 years, current findings were comparable to 

those in previous studies that demonstrated sufficient reliability for making relative comparisons 

based on collected data (Tinker, 1936). 

 Also as hypothesized, estimates of concurrent criterion-related validity reflected 

improvement in the quality of global eye movement measures compared to those obtained in past 

research (e.g., Tinker, 1936).  For example, whereas previous researchers found “exceedingly 

low or negligible” relationships between eye movements and performance on criterion measures 

of reading (e.g., Eurich, 1933b), current data indicated significant moderate to high correlations 

for measures of fixation duration and count with standardized measures of reading fluency, basic 

reading, comprehension, and overall reading skills.  Thus, although contemporary eye movement 

measures appear to be weakly associated with specific reading skills such as nonsense word 

identification (WJ-III ACH Word Attack) and morphological awareness, they do appear to be 
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capturing a considerable degree of variability in elementary students’ reading fluency and broad 

reading achievement. 

 In stark contrast with previous research (Eurich, 1933b; Futch, 1934; Tinker & Frandsen, 

1934), measures of fixation duration were shown to exhibit greater criterion-related validity than 

the count/frequency of fixations or regressions.  However, use of different criterion measures 

(i.e., focus on time-based measures of reading speed in the above-cited previous studies) may 

help explain this inconsistency; it may be that the count/frequency of eye movements is more 

strongly tied to absolute reading speed (without regard for accuracy), whereas measures of 

fixation duration (which are thought to reflect time spent encoding and processing text) may 

better capture accuracy-based achievement.  Average proportion of words initially skipped, 

which had not been investigated previously, was not shown to be reliable or significantly related 

to any criterion measure of reading achievement.  Thus, it may be that young readers’ skipping 

behavior may reflect individual/environmental differences or some other distinct skill or aspect 

of behavior (e.g., level of engagement) impacting reading performance.  Furthermore, the 

skipping measure in the current study simply indicated the proportion of words that children 

initially skipped (e.g., passed over momentarily before returning to fixate on them) rather than 

completely skipped.  Even participants displaying high levels of initial skipping exhibited overall 

fixation behavior typical for children (e.g., multiple fixations per word, on average), suggesting 

that this measure may lack utility in representing children’s overall reading behavior and should 

be interpreted with caution. 

 The current study also expanded upon previous research (Eurich, 1933a, 1933b; Futch, 

1934; Litterer, 1932; Tinker, 1933, 1936; Tinker and Frandsen, 1934) by evaluating the technical 

adequacy of eye movements relative to embedded high- and low-frequency target words.  None 
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of the obtained correlation coefficients for target-word data met criterion for modest reliability.  

However, despite inconsistencies across passages and over time, measures of participants’ 

fixation durations (especially gaze durations) and/or count on target words were moderately to 

highly correlated with scores related to basic reading, reading fluency, and broad reading 

achievement (for both types of target words), as well as passage comprehension and word attack 

(for high-frequency words only). 

Limitations and Future Directions 

 Results from the current study should be interpreted with careful consideration of several 

limitations.  First, current participants were drawn from a single high-performing school district 

and did not include students receiving reading instruction outside of the general education setting 

or English to Speakers of Other Languages (ESOL) instruction.  As a result, generalizability of 

current findings to the wider school-age population may be limited by the fact that participants in 

the current study were not representative of students who are likely to receive targeted reading 

instruction.  However, given that participants were young students capable of developing greater 

reading proficiency, current findings bear more relevance to this population than previous 

technical adequacy research with skilled adult readers.  Although the specificity of the current 

participant sample raises concerns regarding possible restriction of range, the significance and 

strength of obtained correlation results would be expected to persist or improve with use of a less 

restricted sample (e.g., one including lower-performing and higher-performing students, such as 

those receiving special education or gifted instruction).  Nonetheless, it bears noting that current 

results are most applicable to elementary students exhibiting typically developed reading skills 

and receiving general education instruction. 
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 In addition, obtained correlation coefficients may be influenced by the specific selection 

and nature of assessment tasks utilized in the current study.  For example, Tinker (1936) 

documented how the difficulty and degree of similarity between material read during eye 

movement recording and criterion measures impacted reliability and validity estimates, such that 

easier and more comparable tasks yielded higher correlations.  However, given that the silent 

reading passages utilized during eye monitoring fell at a higher reading level than participants’ 

grade level and were considerably dissimilar from paper-and-pencil criterion measures, it is 

unlikely that these factors inflated reliability and validity estimates.  An additional limitation is 

that current “test-retest reliability” coefficients differ from traditional estimates of test-retest 

reliability in that assessment administrations were separated by a 9- to 10-week period during 

which a portion of the participant sample received one-to-one reading intervention while 

remaining participants received typical instruction.  However, statistical analyses revealed no 

significant between-group differences as a function of intervention condition at either point of 

data collection, so participants’ exposure to intervention seems unlikely to have affected current 

results.  Thus, true test-retest reliability of eye movement measures (unaffected by intervention 

procedures) would be expected to be comparable or higher in significance and strength compared 

to current estimates. 

 Results specific to high- and low-frequency words should be interpreted with caution due 

to the selection of a small number of embedded target words, particularly in light of the high 

degree of variability in participants’ reading behaviors on these words.  To limit the degree to 

which frequency-related analyses are skewed by these differences (e.g., participants’ skipping of 

target words), it likely would be beneficial for future researchers to examine the degree of 

frequency for all words in a passage rather than manipulating this variable based upon 
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dichotomous grouping of a handful of high- and low-frequency words.  Given that it is standard 

for textual variables to be manipulated and examined in this manner in eye movement research 

(i.e., through selection and classification of a small proportion of embedded target words), 

current results indicating low reliability for target-word data also indicate the need for caution in 

interpreting previous and future findings that are based on a small sample of target words. 

 Although the current study served its purpose in providing much-needed evidence 

regarding the reliability and validity of commonly utilized eye movement measures of reading, 

future studies are needed to expand upon these findings.  Specifically, future research involving 

multiple and hierarchical regression would be useful to determine how much variance in 

criterion scores (e.g., WJ-III ACH subtest and Broad Reading scores) is predicted by eye 

movement measures, both individually and in combination, and to investigate whether eye 

movement measures add predictive value to models based solely on known predictors (e.g., oral 

reading fluency median scores).  Finally, evaluating the technical adequacy of these measures 

with a larger and more diverse participant sample will be essential in determining the 

generalizability of current findings and how the reliability and validity of eye movement 

measures may vary as function of participants’ achievement and skill levels. 

Conclusions and Implications 

 Despite the aforementioned limitations, findings from the current study provide much-

needed evidence indicating that recently utilized eye movement measures of reading, particularly 

passage-level measures of fixation duration: (a) demonstrate stability over time, (b) display 

consistency across passages read at the same point in time, and (c) appear to be capturing a 

considerable degree of variability in elementary students’ levels of reading fluency and broad 

reading achievement.  In contrast, elementary students’ reading behaviors relative to specific 
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words (especially low-frequency words) appear to vary considerably, to be susceptible to change 

over time, and to be more weakly associated with their normative levels of reading achievement.  

Thus, current findings suggest that conclusions based on very specific data (e.g., eye movements 

occurring on small subsets of target words) should be interpreted with caution. 

 In order to avoid overgeneralization of these findings, it is imperative to emphasize that 

the purpose of this study was not to evaluate eye movement measures as standalone assessment 

tools (e.g., diagnostic measures) but rather to determine the degree to which these fairly novel 

behavioral indicators reliably explain variance in traditionally measured reading skills.  When 

considering readers’ eye movements across larger sections of text (e.g., entire passages), 

variability on these measures appears to correspond with variability on other, more commonly 

utilized measures of reading (e.g., WJ-III ACH, CBM-R).  This finding inspires increased 

confidence in recent eye movement research (e.g., Foster et al., 2013; Zawoyski, Ardoin, & 

Binder, 2014), suggesting that changes/facilitation seen in these studies actually are indicative of 

improvements in reading skill rather than representing arbitrary changes in motor eye 

movements.  In contrast, analyses of children’s eye movements relative to specific words may 

reveal very fine-grained changes in behavior that will not necessarily be reflected by traditional 

reading assessments, especially standardized measures not scaled to detect small amounts of 

growth.  Furthermore, the current study suggests that observed eye movements on specific words 

are likely to be highly variable and may be more susceptible to the influence of lexical 

characteristics (e.g., frequency, length) and individual/environmental differences. 

 Given that the use of eye-tracking technology has become increasingly common in 

applied research with practical implications, the current study sought to investigate the 

relationship between elementary students’ behavior during experimental eye monitoring methods 
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(i.e., eye movement recording during silent passage reading) and their performance on trusted 

measures of reading achievement.  Again, this purpose should be carefully distinguished from 

evaluation of eye tracking as a screening or diagnostic tool.  In addition to inspiring a higher 

degree of confidence in past eye movement research, current results revealed key differences in 

the quality/utility of different types of eye movement data.  Findings suggest that measuring 

students’ eye movements at the passage level may offer valuable information regarding their 

relative/normative levels of general reading achievement, whereas monitoring these behaviors 

relative to specific words is likely to be more useful in revealing absolute progress/growth (e.g., 

fine-grained changes in fluency) and differential effects based on manipulated variables (e.g., 

word frequency).  It is important for conductors and consumers of eye movement studies to bear 

in mind how specific research findings may be influenced by these different levels of analysis 

(e.g., how global analyses may obscure changes specific to certain types of words) and to 

critically consider how observed changes in eye movements may be influenced by passage- and 

word-level variables.  Although the current study provides an important and promising update 

regarding the reliability and validity of eye movement measures, the nascent status of eye 

tracking in the field of applied reading research demands continued scrutiny and caution in 

interpreting such data. 
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Table 2.1 
Direct Examinations of the Reliability and Validity of Eye Movement Measures Direct Examinations of the Reliability and Validity of Eye Movement Measures
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Litterer (1932) ~ 76 adults � � � � � � �

Eurich (1933b) 173 adults � � � � � � �

Eurich (1933a) > 100 children (Grades 4-5) � � � � � � �

Tinker & Frandsen (1934) 50-216 adults � � � � � �

Futch (1934) 27 children (Grade 9) � � � � � � �

Tinker (1936) 77 adults � � � � � � � � �
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Table 2.2 
Indirect Evidence of the Validity of Eye Movement Measures Indirect Evidence of the Validity of Eye Movement Measures
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Buswell (1922) 186 children (all grades) and adults � � � � �

McConkie et al. (1991) > 200 children (Grades 1-5) � � � � �

Hyönä & Olson (1995) 42 children (8-16) � � � � � � � � �

De Luca et al. (1999) 51 children (10-17) � � � � � � �

De Luca et al. (2002) 22 children (11-16) � � � � �

Hutzler & Wimmer (2004) 22 children (tested in Grades 3 and 7) � � � � � �

Huestegge et al. (2009) 21 chidren (tested in Grades 2 and 4) � � � � � � � � � � �

Kuperman & Van Dyke (2011a) 71 young adults (16-24) � � � � � � � � � � �

Kuperman & Van Dyke (2011b) 71 young adults (16-24) � � � � � � � � �

Bayram et al. (2012) 30 children (M  age = 10)
Ashby et al. (2013) 10 children (M  age = 7) � � � � �

Valle et al. (2013) 90 children (6-8) � � � � � �
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Table 2.3 
Descriptive Statistics for Global Eye Movement and Criterion Measures Descriptive Statistics for Global Eye Movement and Criterion Measures
Measure n Min Max M SD

Pretest ("Sammy")
     First fixation duration (ms) 165 201.35 366.51 287.55 35.21
     Gaze duration (ms) 165 222.90 761.22 438.12 101.23
     Total fixation time (ms) 165 289.18 1396.57 640.66 182.91
     Average number of regressions per word 165 .10 .82 .34 .13
     Average proportion of words initially skipped 165 .08 1.00 .43 .21
     Average number of fixations per word 165 .29 4.68 1.86 .66
Posttest ("Sammy")
     First fixation duration (ms) 159 183.70 380.28 276.81 34.50
     Gaze duration (ms) 159 212.50 689.20 391.61 86.73
     Total fixation time (ms) 159 233.01 1320.50 550.92 168.53
     Average number of regressions per word 159 .06 .78 .31 .13
     Average proportion of words initially skipped 159 .08 1.00 .42 .19
     Average number of fixations per word 159 .68 4.07 1.70 .52
Posttest ("Emma")
     First fixation duration (ms) 153 186.79 356.89 276.52 34.39
     Gaze duration (ms) 153 217.85 646.24 407.62 90.13
     Total fixation time (ms) 153 243.68 1132.84 575.77 158.13
     Average number of regressions per word 153 .03 .77 .30 .12
     Average proportion of words initially skipped 153 .07 .96 .34 .19
     Average number of fixations per word 153 .63 3.17 1.80 .51

CBM-R median (WRCM) 174 20.00 221.00 86.28 34.10
WJ-III ACH Broad Reading (SS) 174 85.00 130.00 105.22 8.22
WJ-III ACH Letter-Word Identification (SS) 174 89.00 129.00 108.15 7.06
WJ-III ACH Reading Fluency (SS) 174 76.00 135.00 103.99 8.67
WJ-III ACH Passage Comprehension (SS) 174 76.00 121.00 98.54 9.00
WJ-III ACH Word Attack (SS) 174 87.00 126.00 105.11 7.30
Morphological Structure (raw) 174 1.00 24.00 12.12 5.81

Eye Movement Measures

Criterion Measures
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Table 2.4 
Descriptive Statistics for Eye Movement Measures on High-Frequency Target Words Descriptive Statistics for Eye Movement Measures on High-Frequency Target Words
Measure n Min Max M SD

Pretest ("Sammy")
     First fixation duration (ms) 144 159.80 562.75 301.16 68.66
     Gaze duration (ms) 144 171.25 1466.00 489.73 172.75
     Total fixation time (ms) 144 177.75 2158.67 725.53 360.46
     Average number of regressions per word 144 .00 1.67 .33 .28
     Average proportion of words initially skipped 144 .00 1.00 .33 .28
     Average number of fixations per word 144 .67 7.67 2.25 1.08
Posttest ("Sammy")
     First fixation duration (ms) 154 167.50 450.75 280.18 59.93
     Gaze duration (ms) 154 167.50 1940.00 446.82 188.13
     Total fixation time (ms) 154 115.83 2120.33 597.81 260.27
     Average number of regressions per word 154 .00 1.00 .20 .21
     Average proportion of words initially skipped 154 .00 1.00 .31 .25
     Average number of fixations per word 154 .50 6.17 1.99 .81
Posttest ("Emma")
     First fixation duration (ms) 146 157.75 467.40 261.78 59.68
     Gaze duration (ms) 146 157.75 1027.00 384.12 161.27
     Total fixation time (ms) 146 164.00 1744.00 600.09 260.42
     Average number of regressions per word 146 .00 2.00 .27 .28
     Average proportion of words initially skipped 146 .00 1.00 .16 .26
     Average number of fixations per word 146 .16 9.00 2.17 1.05

Eye Movement Measures
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Table 2.5 
Descriptive Statistics for Eye Movement Measures on Low-Frequency Target Words Descriptive Statistics for Eye Movement Measures on Low-Frequency Target Words
Measure n Min Max M SD

Pretest ("Sammy")
     First fixation duration (ms) 143 177.67 504.75 301.01 67.44
     Gaze duration (ms) 143 191.4 1583.00 579.13 244.20
     Total fixation time (ms) 143 315.67 4009.17 879.85 438.02
     Average number of regressions per word 143 .00 .80 .21 .20
     Average proportion of words initially skipped 143 .00 1.00 .24 .25
     Average number of fixations per word 143 .83 12.83 2.67 1.38
Posttest ("Sammy")
     First fixation duration (ms) 150 159.60 493.17 291.09 65.77
     Gaze duration (ms) 150 159.60 1489.00 493.05 205.78
     Total fixation time (ms) 150 161.40 1999.33 719.04 321.21
     Average number of regressions per word 150 .00 .67 .10 .16
     Average proportion of words initially skipped 150 .00 1.00 .20 .22
     Average number of fixations per word 150 .00 6.00 2.25 .98
Posttest ("Emma")
     First fixation duration (ms) 146 175.80 635.80 297.49 76.09
     Gaze duration (ms) 146 187.75 2298.33 786.54 435.81
     Total fixation time (ms) 146 187.75 4531.20 1220.32 652.05
     Average number of regressions per word 146 .00 1.00 .29 .30
     Average proportion of words initially skipped 146 .00 .80 .08 .17
     Average number of fixations per word 146 .20 13.20 3.85 1.88

Eye Movement Measures
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Table 2.6 
Correlation Matrix of Criterion Measures 
    1 2 3 4 5 6 
1 CBM-R median score 

      2 WJ-III ACH Broad Reading standard score .86** 
     3 WJ-III ACH LWI standard score .78** .92** 

    4 WJ-III ACH RF standard score .83** .81** .73** 
   5 WJ-III ACH PC standard score .68** .85** .73** .67** 

  6 WJ-III ACH WA standard score .52** .63** .70** .51** .54** 
 7 Morphological raw score .41** .51** .47** .38** .50** .31** 

* p < .05, ** p < .01 		 		 		 		 		 		
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Table 2.7 
Reliability and Validity Estimates for Global Eye Movement Measures Reliability and Validity Estimates for Global Eye Movement Measures

Eye Movement Measures
First fixation duration .82 ** .86 ** –.54 ** –.47 ** –.42 ** –.43 ** –.24 ** –.14 –.24 **
Gaze duration .82 ** .89 ** –.77 ** –.63 ** –.56 ** –.63 ** –.43 ** –.28 ** –.24 **
Total fixation time .73 ** .87 ** –.68 ** –.56 ** –.49 ** –.57 ** –.39 ** –.25 ** –.21 **
Average proportion of words initially skipped .15 .37 ** –.09 –.07 –.03 –.04 –.07 –.06 –.04
Average number of regressions per word .56 ** .77 ** –.11 –.09 –.05 –.09 –.09 –.03 –.05
Average number of fixations per word .66 ** .83 ** –.49 ** –.40 ** –.35 ** –.44 ** –.30 ** –.19 * –.24 **
* p  < .05, ** p  < .01

Morphological 
StructureBroad Reading LWI RF PC WA

Concurrent Validity
Test-Retest 
Reliability

Alternate-Form 
Reliability

CBM-R 
(WRCM)

WJ-III ACH (SS)



 

 

70 

Table 2.8 
Reliability and Validity Estimates for Eye Movement Measures on Target Words Reliability and Validity Estimates for Eye Movement Measures on High-Frequency Target Words

Eye Movement Measures
First fixation duration .19 * .27 ** –.15 –.16 –.12 –.03 –.03 –.19 * –.06
Gaze duration .44ª ** .43ª ** –.63ª ** –.53ª ** –.47ª ** –.43ª ** –.38ª ** –.38ª ** –.22ª **
Total fixation time .57ª ** .55ª ** –.63ª ** –.45ª ** –.39ª ** –.47ª ** –.25ª ** –.21ª * –.18ª *
Average proportion of words initially skipped .24 ** .18ª * –.26 ** –.26 ** –.26 ** –.22 ** –.18 * –.17 * –.28 **
Average number of regressions per word .10ª .09ª –.01ª –.02ª –.02ª .02ª .04ª .05ª .05ª
Average number of fixations per word .51ª ** .43ª ** –.54ª ** –.37ª ** –.31ª ** –.42ª ** –.23ª ** –.14ª –.12ª
First fixation duration .18 * .17 –.24 ** –.23 ** –.17 * –.14 –.03 –.07 –.12
Gaze duration .33ª ** .37ª ** –.54ª ** –.35ª ** –.30ª ** –.34ª ** –.17ª * –.25ª ** –.10ª
Total fixation time .40ª ** .46ª ** –.53ª ** –.34ª ** –.29ª ** –.45ª ** –.21ª * –.21ª * –.13ª
Average proportion of words initially skipped .21 * .13ª –.23 ** –.23 ** –.29 ** –.18 * –.17 * –.13 –.19 *
Average number of regressions per word .21ª * .24ª ** –.04 –.04 –.05 –.06 –.03 –.04 –.08
Average number of fixations per word .33ª ** .41ª ** –.42ª ** –.24ª ** –.20ª * –.36ª ** –.17ª * –.17ª * –.07ª

ª Spearman correlation coefficients
* p  < .05, ** p  < .01

Concurrent Validity
Test-Retest 
Reliability

Alternate-Form 
Reliability

CBM-R 
(WRCM)

WJ-III ACH (SS)
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CHAPTER 3 

EXAMINING UNSKILLED READERS’ EYE MOVEMENTS DURING REPEATED 

READINGS: A COMPARISON OF ADULT LITERACY LEARNERS AND CHILDREN2 

                                                
2 Foster, T.E. and S.P. Ardoin.  To be submitted to Reading Research Quarterly. 
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Abstract 

 Previous eye movement research has demonstrated how consecutive rereading of the 

same text (such as that involved in instructional procedures like Repeated Reading) facilitates 

both adults’ and children’s reading fluency.  Specifically, separate studies conducted with skilled 

adult readers and children indicate that reading a passage multiple times facilitates textual 

processing and results in increased reading speed and accompanying changes in eye movements 

(i.e., decreases in fixation counts, fixation durations, and number of regressions).  These studies 

also shed light on how textual characteristics (e.g., word frequency) can influence improvements 

related to RR.  Although past research clearly indicates differences in rereading effects among 

adults versus children, it is unclear how observed differences between participant samples relate 

to confounded variables of age, reading skill level, and/or additional characteristics such as 

linguistic processing abilities and how RR might differentially impact the reading behavior of 

different aged and/or differently skilled groups. Thus, the current study was designed to 

investigate and compare rereading behavior among two distinct groups of similarly skilled but 

different aged developing readers (i.e., 36 elementary students and 36 adult literacy learners).  

Results of the current study suggest that RR improves the efficiency of word- and passage-level 

reading behavior for unskilled, elementary-level readers at a variety of ages.  Findings support 

the idea that eye movements during reading—and the manner in which these change in response 

to instructional procedures—ultimately reflect and are predominantly influenced by individuals’ 

levels of reading skill and achievement.  Implications for reading research and implementation of 

RR are discussed. 
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Introduction 

 Reading fluency, or the ability to read with accuracy, automaticity, and proper 

expression, was recognized as an essential instructional target over a decade ago (National 

Institute of Child Health and Human Development [NICHD], 2000).  However, educational 

statistics since then indicate that many students continue to lack fluency and fail to attain basic-

level reading skills.  In 2002, the U.S. Department of Education reported that approximately 40% 

of fourth-grade students were not fluent readers (Daane, Campbell, Grigg, Goodman, & Oranje, 

2005).  Similarly, scores on the National Assessment of Educational Progress (NAEP) 

administered between 2003 and 2013 revealed that 32% to 37% of fourth graders and 22% to 

27% of eighth graders failed to demonstrate fundamental reading skills (U.S. Department of 

Education, 2014).  Despite a strong emphasis on reading in our nation’s schools and curricula, it 

is clear that many students continue to lack crucial skills needed to function and participate in a 

literate society.  Thus, current instructional strategies targeting reading fluency warrant further 

scrutiny and evaluation. 

 Not only is reading fluency an important component of reading in its own right, but it 

also is an essential skill due to its strong connection with comprehension—the ultimate goal of 

reading instruction (Kuhn, 2004; NICHD, 2000).  Fluency enables automatic word recognition, 

allowing readers to devote attention and cognitive resources to the meaning of text rather than 

the decoding of individual words (Bos, 1982; LaBerge & Samuels, 1974).  Given that fluency 

accounts for a significant portion of comprehension performance (Rasinski et al., 2005), there is 

a need for continued research evaluating intervention strategies designed specifically to increase 

students’ reading fluency. 
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 Repeated reading (RR), a method involving the rereading of short passages of text 

(LaBerge & Samuels, 1974), is the oldest and most widely known approach for improving 

students’ reading fluency (Kuhn, 2004; Meyer & Felton, 1999).  Meta-analyses of RR-based 

interventions have linked RR with improved reading speed, accuracy, and comprehension for a 

broad range of students, including students with and without disabilities at different ages and 

skill levels (Meyer & Felton, 1999; NICHD, 2000; Therrien, 2004).  In the studies reviewed, 

effect sizes varied across component skills, with gains highest for accuracy, smaller for fluency, 

and lowest (but still significant) for comprehension.  However, results indicated that RR 

significantly improved the reading achievement of nondisabled students through Grade 4 and 

students with reading problems through high school (overall weighted effect size average = 0.41; 

NICHD, 2000).  Furthermore, despite the time-limited nature of RR procedures (e.g., 45 or fewer 

15-min sessions in most reviewed studies), results revealed possible improvements in students’ 

reading and comprehension of untrained passages, suggesting potential for generalization effects 

(Therrien, 2004).  Based on observed instructional effects, Therrien (2004) identified three 

essential components of effective RR-based intervention: (a) providing students with cues 

regarding their purpose in rereading, (b) having students read aloud to adults who can provide 

them with error correction and feedback, and (c) requiring students to reread passages three or 

four times. 

 Although extensive research supports the use of RR, the majority of empirical studies on 

RR (e.g., those reviewed in the three meta-analyses mentioned above) demonstrate that it is 

effective without explaining why or how it yields improved reading skills.  Researchers have 

repeatedly shown that RR allows students to read passages more quickly, assessing fluency using 

outcome measures like reading rate in words read correctly in a min (WRCM; e.g., Ardoin, 
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McCall, & Klubnik, 2007; Martens et al., 2007).  However, such indicators are inexact; they only 

indicate absolute gains and fail to reflect how a given change in reading speed (as indicated by 

increased WRCM) might be the result of different effects on underlying reading behaviors.  With 

repeated practice, some students may feel less of a need to go back and reread certain words or 

sections, whereas other students may simply read particular types of words (e.g., high-frequency 

or low-frequency words) faster.  Thus, different changes in reading behavior could result in the 

same observed improvement in reading fluency (i.e., the same quantitative increase in rate; 

Hyönä & Niemi, 1990; Raney & Rayner, 1995).  Given that outcome measures do not fully 

encapsulate the nature of reading improvements, reading researchers are increasingly relying on 

more precise and dynamic measures of reading behavior to identify instructional effects (e.g., 

Foster, Ardoin, & Binder, 2013). 

Eye Movement Research on RR 

 Eye tracking is a unique technology that allows for thorough examination of intervention 

effects (e.g., effects of RR).  In contrast with global measures of reading fluency, eye movement 

measures capture multiple behaviors during the same episode of reading (Rayner, 1998).  For 

example, a single eye movement record indicates the amount of time a reader spent on particular 

words, the number of times the reader returned to previously read content, and how many times 

the reader paused to extract information from a given word or section of text.  Eye tracking also 

allows researchers to pinpoint when and where within a text instructional effects occur and to 

discern how manipulated factors (e.g., word length or frequency) impact behavior within the 

context of natural silent reading (Just & Carpenter, 1980; Rayner, 1998, 2009; Rayner, Chace, 

Slattery, & Ashby, 2006).  Furthermore, different eye movement measures are thought to reflect 

distinct stages of lexical processing (e.g., surface-level word recognition, higher-level semantic 
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processing), potentially providing researchers with a means for assessing multiple component 

skills of reading within a single sample of reading behavior (Just & Carpenter, 1980; Rayner, 

1998). 

 Extant studies detailing behavioral changes across multiple readings of the same text 

have provided insight regarding the mechanisms underlying RR, an intervention fundamentally 

based on rereading (e.g., Hyönä & Niemi, 1990; Raney & Rayner, 1995).  Research with adults 

generally suggests that reading a passage multiple times increases readers’ familiarity with that 

passage, facilitates textual processing, and results in increased reading speed and accompanying 

changes in eye movements.  Specifically, rereading typically yields a decreased number of 

regressions and decreases in the number and average duration of fixations (Hyönä & Niemi, 

1990; Kaakinen & Hyönä, 2007; Raney & Rayner, 1995; Rayner, Raney, & Pollatsek, 1995; 

Schnitzer & Kowler, 2006).  Based on these observed changes, researchers have posited that 

rereading decreases readers’ need for fixation time, increases the amount of textual information 

they can process during each fixation, and reduces their need to revisit previously fixated text 

(Hyönä & Niemi, 1990; Kaakinen & Hyönä, 2007; Raney & Rayner, 1995; Schnitzer & Kowler, 

2006).  Rereading appears to improve higher-level textual processing as well as surface-level 

reading, as suggested by research indicating that rereading facilitates integrative “wrap-up” 

processing at the ends of sentences and increases readers’ familiarity with passage-level topical 

structures (Hyöna, 1995; Kaakinen & Hyöna, 2007). 

 Rereading research with adults also sheds light on how textual characteristics (e.g., word 

frequency) might influence the effects of RR.  One study examining the simultaneous effects of 

rereading and word frequency (Raney & Rayner, 1995) indicated that, although rereading 

facilitated textual processing, its effects were not sufficient to overcome processing difficulties 
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imposed by word frequency.  Rather, rereading effects were consistent across high- and low-

frequency words, so frequency effects remained intact even after rereading (as evidenced by 

persisting differences in eye movements on high- versus low-frequency words).  In contrast, 

Rayner et al. (1995) suggested that rereading resulted in the eventual “disappearance” of word 

frequency effects.  Specifically, rereading continued to facilitate reading of low-frequency words 

after no longer exerting an effect on the reading of high-frequency words. 

 Although eye movement research with adults has yielded insight regarding the effects of 

rereading (i.e., the foundation of RR), more recent studies conducted with children have 

provided greater clarification concerning how RR impacts reading behavior.  In particular, two 

recent publications detailed changes in children’s eye movements across four consecutive 

readings of the same passage, utilizing methods analogous to RR procedures (Ardoin, Binder, 

Zawoyski, Foster, & Blevins, 2013; Foster, Ardoin, & Binder, 2013).  These studies transcended 

rereading research with proficient adult readers by more closely approximating real-life 

implementation of RR.  First, given that fluency instruction (including RR) is most likely to 

benefit students reading at a first- to third-grade level (Therrien, Gormley, & Kubina, 2006), 

children and unskilled readers represent the population for which RR is intended.  Second, the 

rereading procedures utilized by Ardoin, Binder, et al. (2013) and Foster et al. (2013) were better 

aligned with typical RR procedures, as compared to those utilized in adult studies (i.e., two 

readings, a delayed third reading, or four nonconsecutive readings; Hyönä & Niemi, 1990; 

Kaakinen & Hyönä, 2007; Raney & Rayner, 1995; Schnitzer & Kowler, 2006; Shebilske & 

Fisher, 1980). 

 Results of Foster et al. (2013) and Ardoin, Binder, et al. (2013) revealed both similarities 

and differences in the effects of rereading observed among children versus adults.  Consistent 
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with adult participants in aforementioned rereading studies (e.g., Hyönä & Niemi, 1990; 

Kaakinen & Hyönä, 2007; Raney & Rayner, 1995; Schnitzer & Kowler, 2006), second-grade 

students exhibited significantly fewer fixations and regressions and spent significantly less time 

fixating on words (on average) after four consecutive readings of the same text (Foster et al., 

2013).  Furthermore, like the adult participants in Raney and Rayner’s (1995) study, children 

demonstrated a persistent sensitivity to word frequency even after rereading.  They continued to 

make more fixations and to fixate longer on low-frequency words as compared to high-frequency 

words (Ardoin, Binder, et al., 2013; Foster et al., 2013).  Despite these similarities, both studies 

with children revealed significant interactions between rereading and word frequency (Ardoin, 

Binder, et al., 2013; Foster et al., 2013).  In addition, child participants in Foster et al.’s (2013) 

study continued to devote roughly the same amount of time to initial fixations on low-frequency 

words even after rereading.  Thus, whereas rereading yielded consistent improvement in skilled 

readers’ processing of high- and low-frequency words, it appeared primarily to reduce unskilled 

readers’ need for additional processing time on low-frequency words as opposed to high-

frequency words (Ardoin, Binder, et al., 2013; Foster et al., 2013; Raney & Rayner, 1995). 

 Although past research clearly indicates differences in rereading effects among adults 

versus children, what remains unclear is the source of these differences.  Given that adults and 

children differ from each other in myriad ways, observed differences between adults’ and 

children’s rereading behavior could relate to multiple variables, including but not limited to 

chronological age, reading skill level, and linguistic processing abilities.  Participants in adult 

rereading studies (e.g., Hyönä & Niemi, 1990; Raney & Rayner, 1995) were university students.  

Thus, they differed both in age and in reading level from the second-grade students participating 

in studies by Foster et al. (2013) and Ardoin, Binder, et al. (2013).  Furthermore, research 
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indicates that, even when matched for broad reading level, adults and children exhibit different 

linguistic processing profiles (e.g., Greenberg, Ehri, & Perin, 1997, 2002; Thompkins & Binder, 

2003).  For example, children demonstrate stronger phonological decoding skills than do 

functionally illiterate adults, and adults are more likely than children to rely on visual or 

orthographic knowledge and context to compensate for reading difficulties (Thompkins & 

Binder, 2003). 

 In the absence of research directly comparing rereading effects among readers of varying 

ages and skill levels, it is difficult to determine how chronological age and reading skill might 

moderate intervention effects associated with RR.  Observed differences between skilled adult 

readers (Raney & Rayner, 1995) and unskilled elementary readers (Ardoin, Binder, et al., 2013; 

Foster et al., 2013) cannot be attributed cleanly to either variable.  Thus, based on these results 

alone, it is impossible to predict how RR might differentially impact the reading behavior of 

different aged and/or differently skilled groups, including but not limited to: skilled (e.g., gifted) 

and struggling elementary students, proficient adult readers and adult literacy learners, and 

unskilled adult readers and schoolchildren exhibiting comparable reading skills.  However, past 

eye movement research conducted with these groups might offer clues as to their potential 

responses to RR. 

Eye Movement Research Evaluating Age- and Skill-Based Developmental Differences 

 Eye movement studies examining developmental differences in reading behavior provide 

preliminary insight into potential age- and skill-based differences in rereading behavior.  

Consequently, three lines of research with particular relevance to the current study are briefly 

described here.  These include: (a) studies investigating differences in the eye movements of 

adults and children, (b) studies comparing the reading behavior of age-matched individuals with 
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differing skill levels, and (c) studies conducted with unskilled adult readers (e.g., Binder & 

Borecki, 2008; Blythe et al., 2006; Hutzler & Wimmer, 2004; Joseph & Liversedge, 2013). 

 Although eye movement research investigating rereading has been limited to separate 

studies with adults (e.g., Hyönä & Niemi, 1990; Raney & Rayner, 1995) and children (Ardoin, 

Binder, et al., 2013; Foster et al., 2013), several researchers have directly compared the eye 

movement behavior of adult and child participants within single studies (e.g., Blythe, Häikiö, 

Bertram, Liversedge, & Hyönä, 2011; Blythe, Liversedge, Joseph, White, & Rayner, 2009; 

Joseph & Liversedge, 2013).  However, as mentioned previously, eye movement research 

involving skilled adult readers like college students and graduates does not allow for the parsing 

of age-based versus skill-based differences.  In fact, studies have suggested that observed 

differences in the eye movements of adults and children actually might relate to both sources 

(e.g., Joseph et al., 2008; Kirkby, Webster, Blythe, & Liversedge, 2008).  Past studies of 

binocular coordination revealed that, although both children and adults were able to coordinate 

distinct visual input from each eye into a unified representation, children exhibited greater 

disparity and made more crossed fixations due to age-related differences in oculomotor 

development (Blythe et al., 2006; Kirkby et al., 2008).  Similarly, research on the perceptual 

span (i.e., the area from which useful information can be obtained during a fixation) indicated 

that its size increased with age (Rayner, 1986).  In contrast, studies specifically examining the 

reading behavior of adults and children linked differences in eye movement patterns to 

differences in reading-related skills (e.g., syntactic processing; integrating practical knowledge 

into sentence representations; Joseph & Liversedge, 2013; Joseph, Liversedge, Blythe, White, & 

Rayner, 2009).  In general, extant research conducted with adults and children suggests that 

oculomotor control and visual perception develop with age, but that reading-related eye 
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movement patterns vary as a function of linguistic processing skills and efficiency (Blythe & 

Joseph, 2011; Reichle et al., 2013; Zang, Liang, Bai, Yan, & Liversedge, 2013). 

 Differences in the eye movement patterns of dyslexic and nondyslexic readers matched 

for chronological age have provided even stronger support for the idea that eye movements 

during reading are predominantly influenced by skill level.  Past studies indicated that the 

sizes/durations and counts of fixations, saccades, and regressions made during reading by 

children with dyslexia differed from those of same-age average readers (Bayram, Camnalbur, & 

Esgin, 2012; De Luca, Borrelli, Judica, Spinelli, & Zoccolotti, 2002; De Luca, Di Pace, Judica, 

Spinelli, & Zoccolotti, 1999; Hutzler & Wimmer, 2004).  Furthermore, compared to readers 

demonstrating typically developed skills, readers with dyslexia skipped fewer words and 

exhibited greater sensitivity to word length (Bayram et al., 2012; De Luca et al., 1999; Hutzler & 

Wimmer, 2004).  According to Pavlidis (1981), observed differences suggested that dyslexia is 

characterized by oculomotor impairment and that erratic eye movements are the source of 

reading difficulties.  However, the majority of research comparing dyslexic and nondyslexic 

readers indicated that both groups demonstrated similar eye movement control during non-

reading tasks (e.g., De Luca et al., 1999).  Thus, between-group differences in eye movement 

patterns during reading are primarily thought to reflect dyslexic children’s underdeveloped 

reading skills (e.g., De Luca et al., 1999; Hutzler & Wimmer, 2004). 

 Similar to studies conducted with disabled and nondisabled child readers, research with 

adult readers of varying skill levels has revealed differences in reading behavior due to 

differences in reading skill development.  Within the oft-studied undergraduate population, 

Chace, Rayner, and Well (2005) investigated readers’ use of phonological preview information 

and found that differences in skill level (as determined by percentile rank on the Nelson-Denny 
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Reading Test) explained differences in eye movement patterns and fixation times underlying 

reading.  Similarly, Kuperman and Van Dyke (2011a, 2011b) discovered predictive relationships 

between reading-related skills (particularly rapid naming, word identification, segmentation, and 

reading comprehension) and eye movement patterns among a lesser-studied adult sample, 

namely non-college-bound young adults.  Research comparing the reading behavior of college 

students and Adult Basic Education (ABE) students also indicated skill-based differences among 

similarly aged readers.  Specifically, compared to college students, ABE students exhibited 

slower target-word naming speeds and relied more heavily on orthographic information during 

reading (Binder & Borecki, 2008; Binder, Chace, & Manning, 2007).  However, eye movement 

studies also indicated behavioral similarities amongst adults; both undergraduate and ABE 

students benefited from predictive contextual information and generated inferences during 

passage reading (Binder & Borecki, 2008; Binder et al., 2007).  Based on these results, Binder et 

al. (2007) and Binder and Borecki (2008) posited that, in some regards (e.g., context usage), 

unskilled adult readers more closely resemble skilled adult readers than children with 

comparable reading skills.  Thus, research with proficient and unskilled adult readers suggests 

that both age- and skill-based differences might explain between-group differences in eye 

movement patterns during reading. 

Limitations of Extant Eye Movement Research 

 Although past studies have demonstrated how reading behaviors (and thus, rereading 

behaviors) are likely to vary as a function of chronological age and reading skill, such studies 

merely suggest that readers of differing skill levels are likely to respond to RR in different ways, 

and that unskilled adult readers may respond more similarly to other adults than to children.  The 

studies reviewed here are not nearly as informative as would be direct comparisons of rereading 
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effects among skilled and unskilled readers of varying ages.  Specifically, they provide no insight 

into how such readers might respond behaviorally to RR.  In addition, studies examining the 

reading behaviors of adults sometimes confound age and reading skill.  In eye movement 

research comparing skilled adult readers and elementary students, groups differed by both age 

and skill (e.g., Joseph & Liversedge, 2013; Joseph et al., 2009).  Likewise, some of the unskilled 

adult readers in past research exhibited higher levels of reading skills than those of young 

elementary students (e.g., reading levels of Grades 2 through 8 in Binder et al., 2007); thus, 

differences in reading skill could partially explain why the eye movement patterns of unskilled 

adult readers have resembled those of skilled adult readers more than those of young children.  

Finally, research with age-matched participants has provided valuable support for skill-based 

differences in reading behavior (e.g., De Luca et al., 1999; Hutzler & Wimmer, 2004), but 

researchers have not similarly controlled for reading skill level to investigate potential age-based 

differences among unskilled readers. 

Purpose and Hypotheses 

 The current study was designed to overcome limitations of past research on rereading/RR 

and age- and skill-based group differences by directly comparing rereading behavior among 

children and adults with similar reading skills.  More specifically, it sought to determine if 

response to RR (i.e., four consecutive readings of the same passage) differs between unskilled 

adult and child readers.  Given that differences in reading-related skills and linguistic processing 

efficiency have been shown to effect significant differences in the eye movements of adults and 

children (e.g., Blythe & Joseph, 2011; Reichle et al., 2013), this study aimed to control for skill 

level differences and to avoid confounding of age and skill effects.  By involving participants 

similar in age to those in past eye movement studies on rereading (i.e., elementary students and 
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adults), this study also sought to clarify and extend upon past findings (e.g., Ardoin, Binder, et 

al., 2013; Foster et al., 2013; Raney & Rayner, 1995). 

 In addition to bridging an identified gap in the eye movement research literature, the 

current study was designed to yield potential findings with practical implications for the 

implementation of RR.  Specifically, it sought to discover how RR might differentially impact 

the reading behavior of two distinct groups of struggling readers (i.e., elementary students and 

adult literacy learners).  Given that relatively little eye movement research has been conducted 

with unskilled adult readers (compared to proficient adult readers), this study sought to provide 

insight into the reading behavior of an understudied population and to investigate whether such 

individuals might potentially benefit from RR-based intervention.  In light of the fact that many 

children continue to lack reading fluency (Daane et al., 2005) and 14% of American adults 

demonstrate below basic prose literacy (U.S. Department of Education, 2003), findings regarding 

the effectiveness of RR methods have important implications for both elementary education and 

ABE practices.  Knowledge regarding these individuals’ responses to RR and the factors 

influencing them could prove valuable for researchers and practitioners seeking to design and 

implement effective intervention.  By utilizing an adult participant sample that represents the 

adult population most likely to benefit from methods like RR (e.g., struggling readers, high 

school dropouts, etc.), this study improves upon past research conducted with undergraduate 

students and potentially increases external validity of findings. 

 The current study focused on the following questions: 

1) Does RR appear to facilitate children’s textual processing, as indicated by changes in eye 

movements across consecutive readings of a passage?  That is, do results replicate those 

in prior research with similar participants (e.g., Foster et al., 2013)? 
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2) Does RR facilitate unskilled adult readers’ processing of text, as indicated by changes in 

eye movements across consecutive readings? 

3) Do effects of RR (i.e., behavioral changes referred to in questions 1 and 2) differ 

significantly between participant groups, as evidenced by interactions between group and 

rereading effects? 

4) For each group, do RR effects interact with word frequency effects?  Specifically, after 

RR, do unskilled adult readers and/or children continue to require additional processing 

time on low-frequency words as compared to high-frequency words?  Do observed 

behavior changes differ across high- and low-frequency target words? 

5) Are there group differences in the degree to which observed RR effects are specific to 

words of a particular frequency (high- or low-frequency words)?  Are results consistent 

with past observations during separate studies with adults and children (e.g., Foster et al., 

2013; Raney & Rayner, 1995)? 

 It was hypothesized that, among both groups of readers, RR would yield significant 

changes in eye movements indicating facilitation of word recognition and higher-level 

processing of text (i.e., decreases in fixation counts, fixation durations, and number of 

regressions).  Global effects of RR (i.e., behavioral changes measured across the entire passage) 

were not expected to differ significantly between groups.  In addition, it was hypothesized that 

both groups of readers would exhibit continued sensitivity to word frequency (i.e., additional 

fixation time on low- versus high-frequency words) even after RR.  In contrast with observed 

differences between adults’ (Raney & Rayner, 1995) and children’s (Foster et al., 2013) 

behavioral responses to rereading, it was expected that RR would primarily impact reading of 

low-frequency words for both groups; similarities were expected due to consistency of reading 
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skill level across participants.  However, it was also considered that, in the case of potential 

interactions involving RR and age group, improvements due to RR might occur more rapidly 

among unskilled adult readers versus children due to age-related differences in reading 

experience and context usage (Binder & Borecki, 2008; Binder et al., 2007). 

Method 

Participants and Settings 

 Participants included 36 second- to fifth-grade students (Grade 2 n = 18; Grade 3 n = 5; 

Grade 4 n = 6; Grade 5 n = 7) with a mean age of 9 years, 2 months (range = 7 years, 7 months to 

11 years, 3 months) who were enrolled in two public elementary schools.  This elementary 

student subsample consisted of 16 males and 20 females identifying as White (75%), Black 

(11%), multiracial (11%), or Hispanic (3%).  Participants also included 36 adult literacy learners 

with a mean age of 41 years, 8 months (range = 19 years, 2 months to 74 years, 11 months) 

enrolled in four adult education programs located in the Southeastern United States.  This adult 

subsample consisted of 14 males and 22 females identifying as Black (72%), White (19%), 

Hispanic (3%), Asian (3%), or American Indian (3%).  English language learners (i.e., those 

receiving English for Speakers of Other Languages instruction) in both types of settings and 

elementary students receiving special education services for learning disabilities or gifted 

education were excluded from participation in the current study. 

All participants were administered aReading (Adaptive Reading), a brief computer-

adaptive measure of broad reading achievement yielding Rasch unit or RIT scores that estimate 

achievement using item difficulty values; additional details on aReading are provided in the 

Materials and Measures section.  Consistent with the purpose of the current study, participants 

were included based on their performance on this measure in order to control for level of broad 
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reading skills.  More specifically, all RIT scores fell within the range expected for at-risk to 

grade-level performance appropriate for Grades 2 through 5 for both child (M = 488.78, range = 

435 to 546, SD = 23.59) and adult participants (M = 489.06, range = 435 to 544, SD = 24.07).  

Furthermore, adult and child participants were matched based on aReading scores (mean 

difference = –.28; range of differences = –15 to 5), such that participant subgroups based on age 

did not differ significantly in terms of broad reading achievement, t(70) = .05, p = .961. 

Apparatus 

 Eye movements were measured using a desktop-mounted SR Research EyeLink 1000 

system, which uses an Ethernet connection between the eye tracker and a display computer for 

real-time transfer of eye movement data.  The system has a sampling rate of 1000 Hz, a 

resolution of 0.01 degrees of visual angle, and a range of 32 degrees horizontally and 25 degrees 

vertically.  By default, eye movements were recorded from the right eye; tracking from the left 

eye occurred only when necessary (i.e., when tracking issues did not allow for recording from 

the right eye).  Although the movements of only one eye were recorded, participants’ viewing of 

reading material was binocular throughout assessment. 

 Reading material was displayed on one of two ViewSonic LCD display monitors: a 19-

inch (48.26 cm) VG930m model or a 22-inch (55.88 cm) VX2268wm model.  Each monitor was 

adjusted to a comfortable level of brightness that remained constant throughout testing.  Eye 

movement monitoring was conducted in a dimly illuminated room in a familiar location (i.e., an 

unused room in participants’ places of education), with the brightness of the rooms occasionally 

adjusted to minimize track losses.  Participants used a USB mouse to answer questions and to 

indicate when they were finished reading displayed text, which allowed them to communicate 

without speaking and/or moving their heads. 
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Materials and Measures 

 aReading (Adaptive Reading).  Participants were administered aReading, a browser-

based computer-adaptive measure of broad reading that assesses several reading-related skills 

including knowledge of concepts of print, phonemic awareness, phonics, orthography and 

morphology, reading comprehension, and vocabulary.  aReading is intended for use with 

students at the kindergarten through twelfth-grade levels and is comprised of 30 items presented 

in conventional standardized testing formats (i.e., multiple choice, fill in the blank), with 

auditory and visual stimuli accompanying each question (FAST Research and Development, 

2014).  aReading is considered to be a robust measure of reading achievement and has 

demonstrated high levels of validity, reliability, and diagnostic accuracy as a screening tool 

(Center on Response to Intervention at American Institutes for Research, n.d.).  Specifically, the 

majority of reliability coefficients for aReading are greater than .80, with alternate-form 

reliability and internal consistency coefficients equal to .95.  Ongoing investigations suggest that 

aReading also demonstrates adequate content, construct, and predictive validity, with 

coefficients ranging from .56 to .84 (Christ, Monaghen, Van Norman, Kember, & White, 2014).  

Administration and scoring of aReading are fully automated, yielding Rasch unit or RIT scores 

that estimate achievement using item difficulty values.  aReading score reports were used to 

determine participants’ reading levels in line with grade-specific benchmark/criterion standards 

and to match adult and child participants for statistical analyses of collected eye movement data. 

 Silent reading passage.  During eye-tracking sessions, participants read an 

experimenter-developed narrative passage adapted from a Grade 3 FAIP-R curriculum-based 

measurement probe (Christ, Ardoin, & Eckert, 2010).  The reading level of the passage was 3.05, 
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according to the Spache (1953) readability formula.  An example of the text is provided in 

Appendix A. 

 Embedded in the text were eight target words of low frequency and eight target words of 

high frequency.  Low-frequency words had a frequency of U = 10 or less, and high-frequency 

words had a frequency of U = 50 or above, with U indicating the number of instances of that 

word per million running words.  Target words were determined to meet specified frequency 

standards based on corpora of both adult-level and child-level written/spoken language; that is, to 

be selected as a target word, a word was required to meet the above standards according to both 

sources.  Child-level frequency norms were referenced using The Educator’s Word Frequency 

Guide (Zeno, Ivens, Millard, & Duvvuri, 1995), a corpus based on American textbooks, works of 

literature, and popular works of fiction and nonfiction for primary and secondary students; 

published statistics specific to Grades 2 through 5 were consulted.  Adult-level frequency norms 

were referenced using the SUBTLEXUS corpus (Brysbaert & New, 2009), which is based on 

subtitles from U.S. films from 1900 to 2007 and U.S. television series.  The SUBTLEXUS corpus 

was selected because it is recognized as a better approximation of real-life word exposure and a 

better predictor of lexical decision times when compared to other frequently used corpora (e.g., 

Kŭcera and Francis, 1967).  In light of well-documented effects of word length on eye movement 

patterns (e.g., Just & Carpenter, 1980), high- and low-frequency target words also were matched 

for length to prevent confounding of frequency and length.  Specifically, high-frequency words 

had a mean length of 7.25 characters (range = 5 to 10 characters), and low-frequency words had 

a mean length of 7.88 characters (range = 5 to 9 characters).  Target words and their frequencies 

and lengths are presented in Table 3.1.  Target word locations also were consciously manipulated 

to exclude the first and last sentences of paragraphs and the ends of sentences, given documented 
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differences in processing time based on sentence location (e.g., extra “wrap-up” processing time 

at the ends of sentences; Just & Carpenter, 1980).  High- and low-frequency words were also 

controlled for part of speech (such that they were all verb forms) and embedded within parallel 

phrase structures (e.g., infinitives, participles). 

 The reading passage was displayed as black text against a white background and was 

formatted in standard upper- and lowercase letters in 14-point Century Gothic font.  The passage 

was presented in its entirety as one page of 1.5-spaced text occupying 23 lines, with a maximum 

line width of 74 characters. 

Procedure 

 aReading was individually administered to participants prior to eye movement data 

collection, to best ensure that potential participants exhibited appropriate-level reading skills 

(i.e., broad reading achievement consistent with benchmark scores for Grades 2 through 5). 

During administration of aReading, experimenters briefly explained the task to participants, 

readied the assessment (i.e., opened the program in a browser, selected the appropriate 

participant), and proctored the test.  Headphones were utilized to ensure adequate volume of 

auditory stimuli.  Testing lasted approximately 15 to 30 min, and participants were given short 

breaks between tasks to prevent fatigue. 

 Eye movement monitoring was conducted individually, with each participant sitting 

approximately 50 to 55 cm from the display monitor and placing his/her chin in a chin rest to 

minimize head movement.  During setup, participants were informed about the eye-tracking 

task—namely, that they would read a passage from the display monitor silently four consecutive 

times while a camera recorded their eye movements.  They also were instructed on how to use 

the computer mouse to indicate when they were finished reading and to answer questions without 
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speaking.  Before reading trials, the eye-tracking system was calibrated using a nine-point grid 

extending across the display screen; experimenters explained this calibration process as a “game” 

requiring participants to follow a displayed dot with their eyes without moving their heads.  

Upon successful calibration, another nine-point grid was used to validate the accuracy of 

tracking.  After calibration and validation were complete, participants completed a practice trial, 

which was designed to familiarize them with silently reading information from the monitor and 

using the mouse as directed.  After the practice trial, participants were given a short break before 

the experimental trials. 

 Once participants were ready to continue with the task, experimenters reminded them that 

they would next complete a series of trials requiring them to read the experimental passage 

silently four consecutive times and to answer a unique comprehension question after each 

reading.  Following recalibration and validation of the eye-tracking system, experimenters 

presented the experimental passage once participants’ eyes were positioned appropriately (i.e., 

fixated on a target displayed in the upper left corner of the monitor).  After reading the passage, 

participants used the computer mouse to clear the passage and to answer the resulting 

comprehension question.  They also were provided with verbal feedback regarding how long it 

took them to read the passage.  This process was repeated for a total of four readings and four 

comprehension questions.  Before each reading trial, participants were instructed to do their 

“best reading” without assistance and to read the entire passage. 

 Individual eye-tracking sessions, including the practice trial and four reading trials and 

questions, lasted approximately 10 to 15 min.  Head movement and other tracking issues 

occasionally necessitated recalibration, additional breaks, and/or adjustment of the camera or 

lighting in the room.  Of note, participants did not receive feedback as to whether their answers 
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to comprehension questions were correct, and their responses were not scored or analyzed.  

Rather, questions primarily served to ensure that participants were attending to the content of the 

passage (i.e., reading for comprehension) instead of focusing solely on reading rate. 

Results 

 Two types of analyses were conducted to address research questions and test hypotheses: 

global analyses of reading behavior at the passage level (i.e., eye movements averaged across all 

words within the passage) and target-word analyses examining eye movements averaged across 

embedded high- and low-frequency target words.  For global analyses, mixed analyses of 

variance (ANOVAs) involving one within-subjects variable (RR, with 4 levels) and one 

between-subjects variable (age group: adults versus children) were conducted for each eye 

movement measure.  Target-word analyses involving an additional within-subjects variable 

(word frequency: high versus low) were conducted using 4 (RR) × 2 (age group) × 2 (frequency) 

mixed ANOVAs.  When Mauchly’s test indicated a violation of sphericity, degrees of freedom 

were corrected using Greenhouse-Geisser estimates when epsilon was less than .75 and Huynh-

Feldt estimates when epsilon was greater than .75.  Simple effects analyses and Bonferroni-

corrected comparisons were used to evaluate significant interactions and main effects, 

respectively.  Effect sizes are reported as values of eta squared, which can be interpreted 

according to Cohen’s (1988) benchmark guidelines for small, medium, and large effects (i.e., η2 

= .0099, .0588, and .1379, respectively). 

 Prior to analyses, outliers were identified using the outlier labeling rule (Hoaglin & 

Iglewicz, 1987; Tukey, 1977), which was used to establish cut-off values by multiplying the 

interquartile range by a factor (g) of 2.2, as recommended by Hoaglin and Iglewicz (1987).  

Specifically, this generated value (g’) was subtracted from the score at the 25th percentile and 
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added to the score at the 75th percentile, and scores falling outside of these limits were identified 

as outliers.  Winsorizing (i.e., replacement with the most extreme valid values) was used to 

adjust outliers; one value for adults and one to two values for children were replaced for 

variables of gaze duration, total fixation time, number of inter-word regressions, and average 

number of fixations per word.  Following outlier detection and winsorizing, data were analyzed 

without further transformation in light of research indicating the robustness of ANOVAs to 

deviations from normality, particularly with adequate sample sizes (n > 25–30; Glass, Peckham, 

& Sanders, 1972; Rasch, Teuscher, & Volker, 2007; Schmider, Ziegler, Danay, Beyer, & 

Buhner, 2010). 

 Due to track losses (i.e., loss of eye position recording due to participant head movement 

or technological issues) encountered for four adult participants and program absences 

encountered for five adult participants, oversampling was conducted to ensure completion of 

data collection with 36 adults and 36 children.  Within this sample, two adult participants 

completed only three trials that could be analyzed, and three child participants completed only 

three trials that could be analyzed; thus, the following analyses are based on a participant sample 

size of N = 67 (adult n = 34; child n = 33).  For all analyses, individual fixations shorter than 120 

ms or longer than 1800 ms were omitted, as they were thought to reflect non-reading behavior or 

momentary track losses; these cutoffs were based on prior research examining changes in 

reading behavior (e.g., Raney & Rayner, 1995), with the upper bound slightly modified in light 

of persistent fixations exhibited during reading by adult learners (K. S. Binder, personal 

communication, November 12, 2014). 
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Global Analyses 

 Global measures averaging eye movement parameters across all words in the passage 

included first fixation duration, gaze duration, total fixation time, number of inter-word 

regressions, and average number of fixations per word.  (See Appendix B for definitions of these 

variables).  Means, test statistics, and effect sizes for each global measure are presented in Table 

3.2. 

 Analyses of all global measures revealed significant improvement in the expected 

direction across participants’ four readings of the passage.  Significant main effects for rereading 

were observed for all measures, including a small effect for first fixation duration (η2 = .04) and 

medium to large effects for all other measures (gaze duration η2 = .12; total fixation time η2 = 

.18; number of inter-word regressions η2 = .11; average number of fixations per word η2 = .21).  

Pairwise comparisons between the first and second readings (i.e., Trials 1 and 2) indicated 

immediate significant effects on measures associated with early lexical processing (i.e., first 

fixation duration, p = .025; gaze duration, p = .031) and higher-level textual processing (i.e., total 

fixation time, p < .001; average number of fixations per word, p = .030).  Furthermore, 

improvements appeared to persist following participants’ third and fourth readings (compared to 

their first reading, as evidenced by pairwise comparisons between Trial 1 and Trials 3 and 4, 

respectively) and yielded significant aggregate effects after four readings for all measures 

excluding first fixation duration (i.e., gaze duration, p < .001; total fixation time, p < .001; 

number of inter-word regressions, p = .012; average number of fixations per word, p < .001). 

 None of the global dependent measures revealed significant interactions between 

rereading and participant age group, indicating no significant between-group differences in 

facilitation effects resulting from RR.  However, medium to large significant main effects for age 
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group were found for all three measures representing higher-level textual processing (i.e., total 

fixation time η2 = .08; number of inter-word regressions η2 = .22; average number of fixations 

per word η2 = .10), indicating increased passage-level sampling behavior and aggregate 

processing time exhibited by younger readers. 

Target-Word Analyses 

 Target-word measures included first fixation duration, gaze duration, and total fixation 

time on target words and the average number of fixations per target word.  Test statistics are 

discussed below; visual depictions of means for each target-word measure (separated by group) 

are presented in Figures 3.1–3.4. 

 First fixation duration.  Analyses of participants’ first fixation durations on target words 

revealed that the three-way interaction for RR × Frequency × Age was not significant, F(2.88, 

187.38) = .46, p = .702, η2 = .01.  In addition, two-way interactions were not significant for RR 

and word frequency, F(2.88, 187.38) = 1.00, p = .393, η2 = .02, or RR and participant age group, 

F(2.88, 186.90) = .48, p = .689, η2 = .01.  However, there was a significant two-way interaction 

effect involving word frequency and participant age group, F(1, 65) = 4.89, p = .031, η2 = .07, 

suggesting that effects of participant age group differed on high- and low-frequency target words 

(see Figure 3.1).  Specifically, follow-up simple effects analyses revealed that group differences 

in first fixation duration on low-frequency target words approached statistical significance, F(1, 

65) = 3.69, p = .059, η2 = .05, whereas adults’ and children’s first fixation durations on high-

frequency target words did not differ significantly, F(1, 65) = .027, p = .870, η2 < .001.  Simple 

effects of word frequency were not significant for either adults (p = .156) or children (p = .004). 

 Participants’ first fixation durations on target words did not reveal significant main 

effects of word frequency, F(1, 65) = .04, p = .843, η2 < .001, or participant age group, F(1, 65) 
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= 1.14, p = .290, η2 = .02.  However, a significant main effect of RR was observed, F(2.88, 

186.90) = 2.95, p = .036, η2 = .04.  Follow-up pairwise comparisons revealed a significant 

decrease in first fixation duration between Trials 3 and 4 (p = .022) but did not indicate 

significant facilitation compared to Trial 1 after any of the rereading trials. 

 Gaze duration.  Target-word analyses of gaze duration indicated that the three-way 

interaction for RR × Frequency × Age was not significant, F(3, 195) = .72, p = .541, η2 = .01.  

Additionally, the two-way interaction between RR and word frequency was not significant, F(3, 

195) = 1.73, p = .162, η2 = .03.  However, participants’ gaze durations on target words revealed a 

significant main effect of RR, F(3, 195) = 7.67, p < .001, η2 = .10, that took effect immediately 

after the second reading (p < .001) and a significant, large main effect of word frequency, F(1, 

65) = 39.65, p < .001, η2 = .38. 

 No significant between-group differences were observed for participants’ gaze durations 

on target words, F(1, 65) = 1.22, p = .274, η2 = .02.  Furthermore, two-way interactions were not 

significant for RR × Age, F(3, 195) = .62, p = .605, η2 = .01, or for Frequency × Age, F(1, 65) = 

.03, p = .858, η2 < .001, suggesting that participants’ gaze durations (and the degree to which 

they were influenced by RR and word frequency) did not appear to differ significantly for adults 

and children. 

 Total fixation time.  Analyses of total fixation time, a measure thought to represent 

higher-level processing, revealed that there was no significant interaction between RR, word 

frequency, and participant age group, F(2.78, 180.56) = .83, p = .473, η2 = .01.  However, 

significant, large effects for RR, F(2.79, 181.14) = 12.04,  p < .001, η2 = .16, and word 

frequency, F(1, 65) = 41.55, p < .001, η2 = .39, were observed and qualified by a significant RR 

× Frequency interaction, F(3, 102) = 10.31, p < .001, η2 = .23. 
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 Follow-up analyses of RR effects indicated that rereading exerted significant, large 

effects on participants’ total fixation times on both high-frequency target words and low-

frequency target words (high-frequency Wilks’ Lambda = .83, F(3, 63) = 4.37, p = .007, η2 = 

.17; low-frequency Wilks’ Lambda = .64, F(3, 63) = 11.91, p < .001, η2 = .36).  However, effects 

were notably larger and more persistent on low-frequency targets.  Specifically, although 

participants’ total fixation times on both high- and low-frequency target words decreased 

significantly between Trials 1 and 2 (high-frequency p = .003; low-frequency p = .011), 

performance on high-frequency targets then weakened/changed direction, such that total fixation 

times at Trials 3 and 4 were no longer significantly different than those at Trial 1.  In contrast, 

total fixation times on low-frequency targets indicated continued facilitation at Trials 3 and 4 (p 

< .001 for both).  Simple effects analyses examining frequency effects across reading trials 

revealed that, although rereading yielded significant decreases in total fixation time on low-

frequency target words, readers continued to fixate longer on low-frequency targets as compared 

to high-frequency targets even following rereading.  Specifically, word frequency significantly 

impacted total fixation time during all four readings, including both before (Trial 1 p < .001) and 

after RR (Trial 4 p = .002). 

 No significant between-group differences were observed for participants’ total fixation 

times on target words, F(1, 65) = 3.65, p = .061, η2 = .05.  In addition, two-way interactions were 

not significant for RR × Age, F(2.79, 181.14) = .06, p = .974, η2 < .001, or for Frequency × Age, 

F(1, 65) = .04, p = .837, η2 < .001.  Thus, target-word analyses did not yield any evidence for 

significant differences between adults’ and children’s total fixation times on target words or for 

differential effects of RR and/or frequency on these durations. 
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 Average number of fixations per word.  Analyses of the average number of fixations 

per target word did not indicate a significant three-way interaction involving RR, word 

frequency, and age group, F(3, 195) = .92, p = .433, η2 = .01.  However, as with total fixation 

time, significant, large effects for RR, F(2.82, 183.44) = 16.01,  p < .001, η2 = .20, and word 

frequency, F(1, 65) = 68.22, p < .001, η2 = .51, were noted, along with a significant RR × 

Frequency interaction effect, F(3, 195) = 5.45, p < .001, η2 = .08. 

 Follow-up analyses of RR effects indicated that RR exerted significant, large effects on 

participants’ average fixation counts on both high-frequency target words and low-frequency 

target words (high-frequency Wilks’ Lambda = .80, F(3, 63) = 5.11, p = .003, η2 = .20; low-

frequency Wilks’ Lambda = .63, F(3, 63) = 12.56, p < .001, η2 = .37).  However, effects were 

notably larger and more immediate on low-frequency targets.  Specifically, although 

participants’ average number of fixations on both high- and low-frequency target words reflected 

significant facilitation (compared to initial reading) during the third and fourth readings (high-

frequency p = .024 at Trial 3 and p < .001 at Trial 4; low-frequency p < .001 at Trials 3 and 4), 

average fixation count decreased significantly between Trials 1 and 2 only on low-frequency 

targets (p = .002).  Simple effects analyses examining frequency effects across reading trials 

revealed that, although rereading yielded significant decreases in the average number of fixations 

per word on both high- and low-frequency target words, readers continued to fixate more times 

on low-frequency targets as compared to high-frequency targets even following rereading.  

Specifically, word frequency significantly impacted average fixation count during all four 

readings, including initially (Trial 1 p < .001) and after RR (Trial 4 p < .001). 

 Consistent with global analyses, a significant main effect of participant age group was 

observed for participants’ average fixation count on target words, F(1, 65) = 5.57, p = .021, η2 = 
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.08.  In contrast, two-way interactions were not significant for RR × Age, F(2.82, 183.44) = .38, 

p = .758, η2 < .01, or for Frequency × Age, F(1, 65) = .64, p = .426, η2 < .01.  That is, the effects 

of RR and word frequency were not observed to differ significantly between adults and children; 

however, as evidenced by previously described global analyses, child participants were observed 

to make significantly more fixations per word than their adult counterparts. 

Discussion 

 Previous eye movement research has demonstrated how consecutive rereading of the 

same text (such as that involved in instructional procedures like RR) facilitates both adults’ and 

children’s reading fluency but in distinct ways.  In particular, rereading has been shown to yield 

consistent improvement in adults’ processing of high- and low-frequency words (Raney & 

Rayner, 1995) but appears primarily to reduce children’s need for additional processing time on 

low-frequency words as opposed to high-frequency words (Ardoin, Binder, et al., 2013; Foster et 

al., 2013).  However, due to previous studies’ involvement of only proficient adult readers (i.e., 

university students or graduates), it is unclear how observed differences between participant 

samples relate to confounded variables of age, reading skill level, and/or additional 

characteristics such as linguistic processing abilities.  As a result, it is difficult to determine how 

the effects of rereading may vary as a function of these variables and, thus, how rereading 

procedures (including RR-based interventions) may differentially impact the reading behavior of 

different aged and/or differently skilled groups.  As both adults and children regularly engage in 

rereading for various purposes (e.g., to improve understanding, in the context of reading 

interventions targeting fluency, etc.), it seems important to investigate how their reading 

performance and behavior change as a function of repeated exposure to a text.  Furthermore, 

given that struggling readers are the most likely to engage in rereading, there is a clear need for 
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investigations of rereading effects to be conducted with unskilled readers (both adults and 

children) as opposed to proficient ones.  Thus, the purpose of the current study was to investigate 

and compare rereading behavior among two distinct groups of similarly skilled but different aged 

developing readers (i.e., elementary students and adult literacy learners). 

 As hypothesized, global analyses of participants’ eye movements suggested that 

rereading (RR) yields significant changes in multiple reading behaviors exhibited by both 

children and adults with developing reading skills.  Specifically, measures associated with early 

lexical processing (i.e., first fixation duration and gaze duration) and higher-level textual 

processing (i.e., total fixation time, number of inter-word regressions, and average number of 

fixations per word) reflected improvement in the expected direction due to rereading.  Consistent 

with previous eye movement studies conducted separately with beginning readers (i.e., 

elementary students; Ardoin, Binder, et al., 2013; Foster et al., 2013; Zawoyski, Ardoin, & 

Binder, 2014) and adult readers (Hyönä & Niemi, 1990; Kaakinen & Hyönä, 2007; Raney & 

Rayner, 1995; Schnitzer & Kowler, 2006), participants in the current study spent significantly 

less time actively fixating on words, made significantly fewer fixations per word, and exhibited 

significantly fewer regressions to previously fixated content following four consecutive readings 

of the same text.  Furthermore, as in previous research with similarly skilled elementary student 

participants (Foster et al., 2013), pairwise comparisons across readings indicated immediate 

improvements (i.e., significant effects after a single rereading) as well as continued facilitation 

when reading text a third and fourth time. 

 Also in line with hypotheses, global rereading effects (i.e., behavioral changes measured 

across the entire passage) were not found to differ significantly between children and adults with 

similar reading skills.  That is, none of the global eye movement measures revealed significant 
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interactions between effects of rereading and participant age group.  Thus, current results suggest 

that rereading (the foundation of instructional procedures involving RR) can facilitate improved 

efficiency of reading at both word and passage levels for unskilled readers, regardless of age.  

Taken together with previous findings indicating differential effects of rereading based on 

readers’ skill level (i.e., significant interactions between effects of rereading and relative skill 

level on average number of fixations per word; Zawoyski et al., 2014), current results add to 

research supporting the idea that eye movements during reading are predominantly influenced by 

readers’ linguistic processing skills rather than age-based oculomotor or perceptual development 

(Blythe & Joseph, 2011; De Luca et al., 1999; Hutzler & Wimmer, 2004; Reichle et al., 2013; 

Zang, Liang, Bai, Yan, & Liversedge, 2013). 

 Consistent with hypotheses based on previous research investigating effects of rereading 

and word frequency on eye movement parameters (Ardoin, Binder, et al., 2013; Foster et al., 

2013; Raney & Rayner, 1995), current participants demonstrated a persistent sensitivity to word 

frequency even after four consecutive readings of the passage, as evidenced by measures of total 

fixation time and average number of fixations on target words.  Like both adult and child 

participants in the aforementioned studies, they continued to make more fixations and to fixate 

longer on low-frequency words as compared to high-frequency words.  These results further 

support past findings that rereading does not eliminate frequency effects in reading (Ardoin, 

Binder, et al., 2013; Foster et al., 2013; Raney & Rayner, 1995).  Thus, it appears that readers 

along a broad continuum of ages and skill levels—from elementary-age unskilled readers to 

adults still developing reading fluency to proficient college-age readers—continue to exhibit 

relative difficulty when reading low-frequency and unfamiliar words as compared to high-

frequency and familiar words, even despite improvements related to RR. 
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 In line with previously observed differences between skilled adult readers’ and children’s 

behavioral responses to RR (i.e., Ardoin, Binder, et al., 2013; Foster et al., 2013; Raney & 

Rayner, 1995) and consistent with previous rereading research with similarly skilled elementary-

level readers (Foster et al., 2013), target-word analyses revealed significant interactions between 

rereading and word frequency on multiple measures of reading behavior (i.e., total fixation time 

and average number of fixations per word).  Specifically, although rereading yielded significant 

effects on both high-frequency and low-frequency target words, effects were notably larger and 

more prominent (i.e., more immediate for average number of fixations; more persistent for total 

fixation time) on low-frequency words.  Thus, as hypothesized, RR exerted a stronger impact on 

participants’ reading of low-frequency words.  However, current findings notably differed from 

those in past eye movement studies with elementary students (Ardoin, Binder, et al., 2013; Foster 

et al., 2013) in that rereading in the current study also resulted in significant, albeit lesser, 

facilitation on high-frequency target words. 

 The discrepancy between current findings and previous conclusions that RR mainly 

improves unskilled readers’ fluency on low-frequency words (Ardoin, Binder, et al., 2013; Foster 

et al., 2013; Zawoyski et al., 2014) may relate to the selection of study-specific target words to 

examine the effects of word frequency.  More specifically, whereas the current study attempted 

to control for additional lexical qualities of target words (i.e., length, position, part of speech, 

grammatical context), previous research suggesting a lack of facilitation on high-frequency 

words did not involve matching high- and low-frequency target words for these characteristics.  

Given that high-frequency words tend to be shorter on average than low-frequency words (Zipf, 

1949) and word length has been shown to reliably impact fixation behavior (Just & Carpenter, 

1980; Rayner, 1983), it is possible that differences in these characteristics could explain 
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previously observed “floor effects” (i.e., leveling out of facilitation) specific to high-frequency 

words (e.g., Zawoyski et al., 2014).  In contrast, the close matching of target words in the current 

study may have more evenly allowed for improvement on both high- and low-frequency words.  

Greater room for improvement on high-frequency words also may explain additional 

discrepancies between current and past rereading studies with unskilled readers (Foster et al., 

2013; Zawoyski et al., 2014), including fewer significant two-way interactions between 

rereading and frequency and a significant (albeit small) main effect of rereading on first fixation 

duration in the current study.  In addition, differences in the selection and matching of target 

words could also potentially explain why current results were more similar to past findings with 

adult readers (Raney & Rayner, 1995) than were those from previous eye movement studies with 

children.  In their study, which likewise indicated significant improvement on both high- and 

low-frequency words, Raney and Rayner (1995) matched high- and low-frequency target words 

for length, position, and meaning. 

 As hypothesized, target-word analyses did not reveal any significant between-group 

differences in the degree to which observed rereading effects were affected by word frequency; 

none of the eye movement measures revealed significant three-way interactions between 

rereading, frequency, and age.  However, it bears noting that a few significant between-group 

differences emerged from global and target-word analyses.  Although children and adults both 

similarly seemed to benefit from rereading of the passage, measures of higher-level textual 

processing (i.e., total fixation time, number of inter-word regressions, average number of 

fixations per word) indicated that child participants exhibited significantly more fixations and 

regressions (which yielded significantly longer summed fixation times) on average compared 

with their adult counterparts.  Thus, children seemed to visually “sample” and refixate around the 
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passage to a greater degree than did adults, who devoted slightly more visual attention to words 

initially (average global first fixation duration across reading trials = 279.71 to 291.45 ms for 

adults and 279.72 to 283.37 ms for children) but made significantly fewer discrete fixations and 

exhibited significantly shorter overall lexical processing times compared to children.  This was 

particularly the case on low-frequency words, as evidenced by group differences in first fixation 

duration on low-frequency target words (M = 314.64 ms for adults and 279.36 ms for children) 

approaching statistical significance.  Although the origin of these differences is unclear, these 

data suggest that even unskilled adult readers may exhibit greater efficiency in reading at the 

passage level (i.e., less “jumping around”) than do children with comparable broad reading 

skills.  It may be that adults, even those that struggle with reading, are able to extract textual 

information within fewer discrete pauses due to improved working memory or age-related 

differences in reading experience and context usage (Binder & Borecki, 2008; Binder et al., 

2007) compared to elementary students whose sight word vocabularies are still developing.  

However, despite these noted behavioral differences, current findings suggested that unskilled 

adult and child readers do not seem to significantly differ with regard to the benefits they derive 

from repeated practice of a given passage. 

Limitations and Future Directions 

 Current results should be carefully interpreted bearing several limitations in mind.  First, 

current participants did not include elementary students receiving resource reading instruction or 

adults or children receiving English to Speakers of Other Languages (ESOL) instruction.  

Unfortunately, as a result, this participant sample was not representative of many struggling 

readers who are likely to receive fluency-based interventions such as RR.  However, the National 

Reading Panel (NICHD, 2000), has suggested that RR is an effective instructional practice for 
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improving the fluency of all students through fourth grade and struggling readers through high 

school.  Although current findings have limited generalizability to the specific aforementioned 

populations, they nonetheless bear relevance to a wider group of students who may benefit from 

rereading-based interventions as well as adult individuals who are likely to engage in rereading.  

However, future research is needed to clarify the effects of rereading among individuals of 

varying ages and skill levels (e.g., elementary-age struggling readers and higher-performing 

readers, as in Zawoyski et al., 2014). 

 Another significant limitation is that, although participants were selected and matched 

based on broad reading achievement scores (i.e., performance commensurate with grade-level 

performance in Grades 2 through 5), participants likely differed within and between groups along 

a myriad of dimensions including intellectual ability, level of attention, working memory, task 

persistence, motivation, learning/educational history, behavioral health concerns, and semi-stable 

aspects of oculomotor functioning (e.g., binocular coordination, perceptual span).  As with all 

group design studies, current findings should be cautiously interpreted with consideration of 

individual differences; this seems particularly imperative given the high degree of variability in 

the adult education population as well as the countless number of ways in which adults and 

children differ.  The current study was designed to focus on the variables of age and skill level 

due to their established importance based on past research and their ability to be identified and 

controlled.  In addition, the author sought to maximize contrast between subgroups on all 

variables excepting reading achievement by enlisting readers who were naturally and most 

unnaturally performing at a given level (i.e., elementary students with grade-appropriate 

performance and highly impaired older adult readers); it was expected that a lack of significant 

interactions between rereading effects and participant group would be particularly compelling in 
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the context of maximized differences between subgroups.  However, the fact that participants 

were individuals selected from a particular geographical location and unique educational 

programs may compromise internal and external validity of specific results.  As a result, the 

utility of current findings should be balanced with careful contemplation of individual variation.  

It is also the hope of the author that the current study will function as a useful stepping stone in 

enabling further evaluations of the relationships between eye movements and some of the 

aforementioned additional group/individual differences. 

 As is standard in eye movement research examining the impact of word frequency on 

reading behavior, target words in the current study were selected and dichotomously classified as 

high- and low-frequency words based on published corpora of frequency norms.  However, as 

discussed above, it is possible that the selection and matching of study-specific target words 

(e.g., control for lexical variables such as word length, meaning, grammatical context, etc.) may 

heavily influence results specific to high- and low-frequency words.  For example, current target-

word results differed from previous findings based on a distinct set of target words that was 

shared across studies (Ardoin, Binder, et al., 2013; Foster et al., 2013; Zawoyski et al., 2014).  

Thus, target-word analyses should be interpreted with careful consideration of study-specific 

procedures/control.  To limit the extent to which frequency-related analyses are skewed by 

differences in study-specific methods, it likely would be beneficial for future researchers to 

examine the degree of frequency for all words in a passage rather than manipulating this variable 

based upon dichotomous grouping of a small number of high- and low-frequency words.  

Furthermore, replication of the current and past studies investigating word frequency effects and 

examination of generalization effects is necessary to determine if findings remain consistent 
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beyond the context of a particular set of methods (i.e., use of a specific set of target words 

embedded within a specific reading passage). 

 The current study also was impacted by limitations tied to the use of eye-tracking 

methodology.  Due to technological difficulties and track losses (i.e., instances in which the eye-

tracking camera lost sight of the participant’s pupil; detailed on p. 93), some eye movements 

were not recorded, necessitating additional data collection.  Unexpected challenges with eye 

movement recording occurred particularly with adult readers due to older participants’ poor 

vision and use of corrective lenses (especially bifocals with lines, which interfered with 

tracking), increased squinting behavior, and wearing of dark eye makeup and false eyelashes.  In 

contrast, track losses with children were typically associated with fidgeting or excessive head 

movement.  Researchers conducting eye movement monitoring should carefully consider how 

use of this technology may pose difficulties with specific participant samples.  Furthermore, 

technological limitations of current eye-tracking systems (e.g., limited tolerance of head and 

mouth movement) limit generalizability of findings due to the way they dictate/impose specific 

research methods (e.g., use of silent rereading, which differs from typical implementation of RR 

by not including monitoring of accuracy, error correction, and performance feedback).  As 

technology progresses, it will be important for future research to utilize experimental methods 

that more closely approximate typical instructional procedures.  This seems particularly 

important for further examining how adult learners respond (both in terms of effectiveness and 

acceptability) to strategies typically designed for much younger students. 

 To avoid overgeneralization of current findings, it seems important to be just as 

straightforward about the current study’s limitations (i.e., what results did not reveal) as about its 

potential utility.  Although current results did not indicate significant differences in adult and 
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child participants’ responses to rereading, they also did not indicate significant similarities; there 

simply was not sufficient evidence to suggest significantly different group means.  In addition, it 

is important to recognize that adults and children presumably differ on numerous variables 

potentially affecting reading behavior (e.g., vocabulary knowledge, purpose in rereading, level of 

attention, working memory, task persistence, motivation, learning/educational history, and 

behavioral health concerns) that were not manipulated or investigated in the current study.  Thus, 

although participant subgroups did not respond differently to RR, current findings absolutely do 

not suggest that adult and child readers are equivalent learners. 

Summary and Implications 

 Despite the aforementioned limitations, results of the current study suggest that repeated 

practice improves the efficiency of both word- and passage-level reading behavior for unskilled, 

elementary-level readers at a variety of ages.  In light of the high degree of contrast between 

participant subgroups except with regard to broad reading achievement, it is particularly 

interesting that readers in the current study did not differ significantly in their response to 

rereading procedures across multiple measures of behavior.  Taken together with previous eye 

movement research indicating the importance of considering achievement level when evaluating 

intervention effects (e.g., Ardoin, Binder, Foster, & Zawoyski, in press; Zawoyski et al., 2014), 

current findings buttress the idea that students’ reading behaviors—and the manner in which 

these change in response to instructional procedures—ultimately reflect and are influenced by 

their levels of reading skill and achievement.  In light of this consideration, but contingent upon 

further research, it may be that the population with whom rereading-based interventions are 

effective also includes struggling adult readers whose reading skill level (rather than 
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chronological age or grade level) aligns with existing guidelines (e.g., NICHD, 2000) and past 

empirical evidence. 

 Although current results indicate that RR appears to facilitate unskilled readers’ fluency 

on both high- and low-frequency words, rereading effects were notably larger and more 

prominent on low-frequency words.  This finding is consistent with those from past eye 

movement studies of elementary students’ rereading (Ardoin, Binder, et al., 2013; Foster et al., 

2013; Zawoyski et al., 2014), further supporting the idea that skill level primarily influences 

reading behavior.  In addition, this study aligns with previous research in suggesting that RR 

may yield variable effects across passages/probes consisting of different vocabulary.  Although 

findings suggest that RR is likely to produce more robust improvement on passages involving 

low-frequency or unfamiliar words, this potential for gain must be balanced with the added 

challenges and frustration that this might pose for struggling readers. 

 Differences between current findings and those from past eye movement studies of 

rereading have important implications for future reading research.  Specifically, as discussed 

above, different conclusions with regard to readers’ improvement on high-frequency target 

words may potentially have been influenced by use of study-specific reading material.  

Individuals conducting and consuming reading research should be mindful of how specific 

results may be tied to particular measures (e.g., experimenter-created passages using specific sets 

of words).  While differing conclusions could appear to relate to salient variables such as 

participant characteristics (e.g., children versus adults, as in the comparison of Foster et al., 2013 

to Raney and Rayner, 1995), they may also be heavily influenced by researchers’ use of specific 

methodological procedures (i.e., controlling/matching for lexical variables such as word length, 

position, etc.). 
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 Current findings suggest that students with comparable levels of reading achievement 

may exhibit different patterns of underlying reading behavior.  For example, children in the 

current study generally exhibited an increased tendency to visually “sample” and refixate around 

the passage compared to similarly skilled adult readers.  However, subgroups did not 

significantly differ in the manner in which their reading behavior changed as a function of four 

consecutive readings of the same text.  Ultimately, the current study provides valuable 

information regarding how RR facilitates the fluency of elementary-level readers of varying 

ages.  By investigating the eye movements of similarly skilled school-age children and adult 

learners, it bridges an evident gap in the eye movement research literature and expands upon past 

studies on rereading/RR and age- and skill-based group differences.  This study further 

exemplifies the value of utilizing eye movement recording to examine fine-grained changes in 

reading fluency (e.g., improvements specific to certain words or behaviors) and behavioral 

differences between groups of developing readers.  Furthermore, it serves as a useful launch pad 

for continued exploration of variables impacting students’ response to instructional procedures 

and how widely recommended practices may benefit specific groups of students. 
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Table 3.1 
Target Word Frequencies and Lengths 

High-Frequency   Low-Frequency 
Word U (Child) U (Adult) Length   Word U (Child) U (Adult) Length 
loved 88–122 110.33 5  composed 0–5 1.90 8 
enjoyed 22–38 18.16 7  drummed .5335 .33 7 
practice 48–66 45.69 8  excel .9545 .73 5 
planned 33–53 31.84 7  selected 0–9 4.88 8 
happening 46–57 90.55 9   chatted .7341 .37 7 
believed 35–98 35.06 8  rehearsing .4744 3.55 10 
thought 810–1130 808.47 7  performed 0–9 7.31 9 
entered 26–68 14.65 7  applauded 0–2 .53 9 

Note.  Child-level frequency norms are statistics specific to Grades 2 through 5 from The 
Educator’s Word Frequency Guide (Zeno, Ivens, Millard, & Duvvuri, 1995).  Adult-level 
frequency norms were obtained using the SUBTLEXUS corpus (Brysbaert & New, 2009).
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Table 3.2 
Summary of Global Eye Movement Measures across Readings by Age Group 
 
Measure 

Reading 1 
M (SD) 

Reading 2 
M (SD) 

Reading 3 
M (SD) 

Reading 4 
M (SD) 

First Fixation Duration (ms) (N = 67) 287 (47) 281 (51)* 281 (54) 283 (53) 
     Adults (n = 34) 291 (51) 282 (53) 280 (55) 284 (53) 
     Children (n = 33) 283 (43) 279 (50) 282 (53) 282 (53) 
     Main Effect (RR): F(2.46, 159.91) = 3.07, p = .039, η2 = 
.0440 

    
     Between Groups: F(1, 65) = .04, p = .838, η2 = .0006     
     Interaction (RR × Age): F(2.46, 159.91) = 1.64, p = .191, η2 = .0235    
Gaze Duration (ms) (N = 67) 385 (89) 369 (112)* 360 (92)* 362 (97)* 

     Adults (n = 34) 371 (88) 351 (105) 343 (88) 346 (92) 
     Children (n = 33) 399 (89) 387 (117) 377 (94) 378 (100) 
     Main Effect (RR): F(3, 195) = 8.95, p < .001, η2 = .1207     
     Between Groups: F(1, 65) = 2.05, p = .157, η2 = .0305     
     Interaction (RR × Age): F(3, 195) = .231, p = .874, η2 = .0031    
Total Fixation Time (ms) (N = 67) 528 (190) 491 (189)* 471 (183)* 470 (174)* 
     Adults (n = 34) 478 (186) 439 (174) 424 (173) 422 (161) 
     Children (n = 33) 579 (182) 544 (192) 519 (184) 519 (175) 
     Main Effect (RR): F(2.67, 173.55) = 14.67, p < .001, η2 = 
.1839 

    
     Between Groups: F(1, 65) = 5.69, p = .020, η2 = .0805     
     Interaction (RR × Age): F(2.67, 173.55) = .11, p = .942, η2 = .0014    
Number of Inter-word Regressions (#) (N = 67) .304 (.157) .295 (.143) .262 (.136)* .270 (.147)* 
     Adults (n = 34) .229 (.130) .234 (.133) .211 (.131) .207 (.136) 
     Children (n = 33) .382 (.144) .357 (.128) .314 (.122) .336 (.129) 
     Main Effect (RR): F(2.25, 145.95) = 8.59, p < .001, η2 = 
.1130 

    
     Between Groups: F(1, 65) = 18.02, p < .001, η2 = .2170     
     Interaction (RR × Age): F(2.25, 145.95) = 2.25, p = .103, η2 = .0293    
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Table 3.2 Continued  

Average Number of Fixations per Word (#) (N = 67) 1.514 (.557) 1.384 (.594)* 1.235 (.525)* 1.224 (.478)* 
     Adults (n = 34) 1.349 (.465) 1.214 (.528) 1.112 (.455) 1.082 (.427) 
     Children (n = 33) 1.683 (.598) 1.560 (.614) 1.361 (.569) 1.369 (.489) 
     Main Effect (RR): F(2.76, 179.28) = 17.78, p < .001, η2 = 
.2136 

    
     Between Groups: F(1, 65) = 7.07, p = .010, η2 = .0981     
     Interaction (RR × Age): F(2.76, 179.28) = .47, p = .689, η2 = .0056    

*Significant pairwise differences between the denoted reading and the first reading, p < .05
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1 2 3 4
Adults	HF 287.228 292.898 278.095 300.770
Adults	LF 314.641 301.725 287.559 295.987
Children	HF 283.102 291.483 276.820 298.012
Children	LF 279.356 267.852 265.620 287.562
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Figure 3.1. Average first fixation duration on high- and low-frequency target words across 
readings, separated by participant age group.
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1 2 3 4
Adults	HF 440.588 383.571 392.396 406.189
Adults	LF 588.437 524.281 464.934 460.201
Children	HF 491.090 431.859 436.594 458.372
Children	LF 592.843 542.613 537.627 536.951
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Figure 3.2. Average gaze duration on high- and low-frequency target words across readings, 
separated by participant age group.
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1 2 3 4
Adults	HF 598.095 514.277 547.366 501.655
Adults	LF 819.504 692.412 608.028 627.212
Children	HF 728.111 616.369 690.627 687.050
Children	LF 971.963 858.968 763.433 752.233

400

500

600

700

800

900

1000

Ti
m
e	
(m

s)

Readings

Total	Fixation	Time

 
Figure 3.3. Average total fixation time on high- and low-frequency target words across readings, 
separated by participant age group.
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1 2 3 4
Adults	HF 1.941 1.713 1.691 1.504
Adults	LF 2.588 2.099 1.934 1.993
Children	HF 2.330 2.170 2.061 1.989
Children	LF 3.125 2.799 2.398 2.371
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Figure 3.4. Average number of fixations (average fixation count) on high- and low-frequency 
target words across readings, separated by participant age group.
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CHAPTER 4 

GENERAL CONCLUSION 

 The overall purpose of this two-study dissertation was to address substantial gaps in the 

existing literature and to extend upon and clarify recent eye movement research by investigating 

(a) the technical adequacy of recently utilized eye movement measures and (b) potential 

differences in the observed rereading behavior of similarly skilled adult and child readers.  

Findings from Study 1 suggest that recent eye movement measures of children’s reading, 

particularly passage-level measures of fixation duration, demonstrate stability over time and 

consistency across passages and capture a considerable degree of variability in elementary 

students’ levels of reading fluency and broad reading achievement.  Findings from Study 2 

suggest that repeated practice improves the efficiency of both word- and passage-level reading 

behavior for unskilled, elementary-level readers at a variety of ages.  Results from both studies 

also indicate notable changes in reading behaviors relative to specific target words (especially 

low-frequency words), such that eye movements on these words are more likely to reflect subtle 

changes in processing (e.g., facilitation as a function of rereading) and demonstrate lesser 

reliability and validity compared to global eye movements. 

 Taken together, results from both studies affirm the link between students’ eye 

movements during reading and their level of reading skills (e.g., broad reading achievement, as 

measured by more traditional assessment tasks).  Estimates of concurrent criterion-related 

validity from Study 1 do so quite explicitly, indicating significant moderate to high correlations 

between measures of fixation duration/count and standardized measures of reading fluency, basic 
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reading, comprehension, and overall reading skills.  Findings from Study 2, though not involving 

similar numerical associations, also suggest that students’ reading behaviors—and the manner in 

which these change in response to instructional procedures—ultimately reflect and are 

influenced by their levels of reading skill and achievement, even alongside variability in age. 

 Future research with larger and more diverse participant samples is needed to enhance 

generalizability of current results to a wider population and applied educational settings.  

However, despite the limitations discussed in the above manuscripts, the current studies inspire a 

higher degree of confidence in recent eye movement research and suggest potentially greater 

utility in employing eye-tracking methodology to explore the reading behavior of a wider range 

of individuals (e.g., adult literacy learners).  In sharp contrast with early cognitive eye-tracking 

research, which simply focused on the “end state” of successful reading among skilled adult 

readers, current eye movement studies offer the educational community increased potential for 

better examining and understanding the development of reading skills and how reading behaviors 

relate to and are impacted by modern-day assessment and instructional procedures.  This exciting 

progress suggests that the field of applied eye movement research, while still young and affected 

by several flaws and limitations, can offer unique insight into previously unstudied reading 

behavior.
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APPENDIX A 

Experimenter-Developed Reading Passage 

 Martin liked playing music with his band.  He played the guitar and was very good at it.  

He also composed new songs and drummed with his band.  He loved making music and enjoyed 

sharing it with others.  He hoped he could get a good job making music. 

 Martin and his band were going to play a show.  They had to practice because it was one 

week away.  Many people would be there to listen to their music.  They wanted to excel at 

playing.  First, Martin selected the songs that they would play.  Next, he planned the set list with 

all the people in the band.  They needed to do a lot before the show. 

 The next day, the band members came to Martin’s house.  They chatted about when the 

show was happening and who would be there.  Then they spent several hours rehearsing their 

songs.  Martin was happy that everyone was doing their best.  He believed that they sounded 

very good.  The people coming to the show would like what they would hear. 

 On the day of the show, Martin was nervous.  The band had never played for so many 

people before.  He thought that they would sound good.  All the people in the band were ready 

for the show.  When it was their turn, they entered onto the stage.  They performed their first 

song, and the crowd liked it.  When it was over, they applauded for Martin and his band.  

Everyone had a nice time.
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APPENDIX B 

Common Definitions of Eye Movements and Dependent Measures 

(e.g., Rayner et al., 2006) 

Average number of fixations per word: fixation count divided by number of words of interest 

(e.g., number of words in a passage, number of target words) 

Average proportion of words initially skipped: number of words on which no fixations were 

made during the first pass of reading divided by number of words of interest (e.g., 

number of words in a passage) 

First fixation duration: the duration of the first fixation on a word, regardless of the number of 

fixations made on the word 

Fixations: pauses on words that allow readers to extract information from fixated points and 

surrounding areas of visual acuity 

Fixation count: total number of fixations 

Gaze duration: the sum of all of the fixations made on a word prior to movement to another word 

Regressions: backward saccadic movements that typically reflect additional processing of 

previously identified text or correction for “overshooting” eye movements 

Saccades: rapid movements in which the eyes move from one point to another and vision is 

suppressed 

Total fixation time: the sum of all fixations, including regressions, on a word 

Number of inter-word regressions: total number of regressions between words (versus within 

words) 


