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ABSTRACT 

Eye movements in reading have been studied intensively, but only a small 

portion of research has investigated reading for meaning of whole texts. Most 

studies have used tasks that involve smaller units of language and methods of 

stimuli presentation that are dissimilar to naturally occurring reading situations. 

Hence, little is known about properties of eye movements during normal reading.  

Preliminary evidence suggests that normal reading—reading done with the 

goal of comprehending a text—may be characterized by increased variability in eye 

movements. In order to test this idea, a novel experimental paradigm was devised 

that compares reading for meaning to proofreading (i.e., searching for spelling 

errors). To preclude participants (n=10) in the proofreading condition from reading 

for meaning, stimulus texts were selected to be both difficult and uninteresting to 

participants (undergraduate students in the health sciences). Accordingly, the novel 

paradigm has been termed the “difficult, uninteresting text” (DUT) task.  

The purpose of this study was to investigate whether eye movements while 

reading a complete text were more variable during reading for meaning as 

compared to proofreading. The secondary purpose of the study was to determine 

the usefulness of the DUT paradigm. Variability of fixation durations and the 

number of fixations were analyzed by means of a linear mixed model using a 4-way 

ANOVA. Results showed that that eye movements in the reading for meaning 

condition were more variable than the proofreading condition; however, this was 

only the case when participants read the same text for both conditions, and only for 

one of the two stimuli texts. These results suggest potential viability of the DUT 
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paradigm, and of the hypothesis that reading for meaning is associated with higher 

variability of eye movements than reading not done for meaning. They also support 

existing theories of reading as a complex activity in which variability is introduced 

by a range of variables, such as textual differences. 
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CHAPTER I 

INTRODUCTION 

Literacy, or the ability to read and write, is a subject of increasing interest in 

the field of speech-language pathology. The American Speech-Language-Hearing 

Association (ASHA) states: 

Literacy is an essential prerequisite for social well-being, academic 

achievement, and lifetime opportunities. Speech-language pathologists play 

important roles in ensuring that all children gain access to appropriate 

instruction in reading, writing, and spelling. (ASHA, 2001) 

There are several debates as to what qualifies one as literate, ranging from 

basic reading and writing skills to mastery of those skills, as well as how literacy 

impacts the individual and the society in which he or she lives (Damico & Nelson, 

2010). The present study focused on the reading aspect of literacy. Damico and 

Nelson (2010) define reading as a process during which meaning is extracted from 

something either written or printed on a page. The process of making meaning of 

text is contingent on a number of variables: the properties of the text (e.g., linguistic 

complexity), skill of the reader, prior knowledge and attitudes of the reader, context 

surrounding the text, and the environment in which the text is being read. These 

complex aspects of reading lead to variable behaviors in reading. 

With regard to the field of communication disorders, reading disorders and 

difficulties occur between 16% and 29% of children and adolescents through eighth 

grade (Catts, Hogan, & Adlof, 2005; Nelson, 2010). There are several ways to classify 
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a reading disorder, from poor decoding skills to reduced comprehension skills, and, 

often, a combination of difficulties (Nelson, 2010). Poor readers often have 

comorbid diagnoses, such as language impairment (LI). Nelson (2010) found that 

between 30%-90% of school age children and adolescents who were diagnosed 

with LI later displayed difficulties learning to read, meaning speech-language 

pathologists will very likely treat children, as well as adults, who struggle with 

reading. 

Despite the prevalence and implications of reading disorders, the etiology of 

reading problems is disputed (e.g. Scarborough, 2005).  Part of the reason for this is 

that many properties of the reading process itself are still poorly understood; this is 

shown in Catts, Hogan, and Adlof, (2005), who conducted a longitudinal study on 

predictors of poor readers. It was found that word recognition accuracy, a 

commonly used predictor in assessing later reading ability, does not always predict 

late-emerging reading problems in some children. In fact, the group of late-emerging 

poor readers from their study displayed average or slightly above average word 

recognition accuracy and fluency when assessed prior to their reading problems.  

One aspect that still warrants further investigation is gaze behaviors during 

normal reading – that is, reading done in ecologically valid ways, such as reading 

whole texts for meaning, as opposed to designs involving small-scale stimuli. 

Through the means of basic research on the subject of reading behaviors, this study 

sought to add to the knowledge base of the reading process during whole-text 

reading. Specifically, this study investigated differences in the variability of eye 

movements in reading for meaning as compared to proofreading for spelling errors. 
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Based on prior research as well as a hypothesis proffered by Paulson (2005), we 

predicted that patterns in the reading for meaning group would be more variable 

than patterns in the proofreading group. 
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CHAPTER II 

LITERATURE REVIEW 

Eye movements in reading have been studied for well over one hundred 

years (Huey, 1968/1908; Rayner, 1998). In the late nineteenth century, Emile Javal 

discovered that our eyes are constantly moving during the reading process and 

make a series of pauses, called fixations. During these fixations, or instants when the 

eye stops, visual information is sent to the brain. Later, in the early twentieth 

century, Raymond Dodge invented a method to record these fixations by using a 

beam of infrared light aimed at the cornea and reflected onto photographic film. 

This technique is still in use today; however, film has been replaced by computers 

and the comfort of participants during data collection, as well as accuracy and 

authenticity of eye tracking data, has improved (Paulson & Freeman, 2003; Paulson 

& Goodman, 2008). In addition to fixations, other well-known aspects of eye 

movements in reading include fixation durations, saccades, and regressions. A 

fixation duration typically lasts 200-250 milliseconds (ms) (Rayner & Juhasz, 2006); 

during this span of time there is no eye movement. Saccades are the movements 

between fixations. Information cannot be sent to the brain during saccades; the 

movement is too fast. A regression occurs when the reader goes back to a previous 

location in the text (Paulson & Freeman, 2003; Rayner, Schotter, Masson, Potter, & 

Treiman, 2016). 

In addition to the movements the eye makes during reading, what the eye 

can perceive has been studied for many years (Paulson & Freeman, 2003; Rayner, 
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1998). The visual field, or what an individual can see with a certain amount of 

acuity, consists of three regions: the fovea (center, with highest acuity), parafovea 

(middle region, with moderate acuity), and periphery (farthest region from fixation, 

with lowest acuity). When compared to a 360° circle, the full visual field consists of 

approximately 107°. The acuity decreases as a function of distance from fixation 

location. In reading, the region of usable information is asymmetrical with regard to 

the center of the foveal region: it extends around three to four character spaces to 

its left, and about 14 to 15 character spaces to its right for readers of English. 

Information about a word’s meaning is usually obtained from a region of about five 

to eight spaces to the right of the center (Rayner & Slattery, 2009).  

Up until recently, only a small portion of research has been conducted on 

reading for meaning of whole texts. Most studies have used highly controlled 

experimental paradigms involving small units of language, and the stimuli were not 

presented to participants in ways in which we typically read (i.e., whole texts). 

Before describing these paradigms, a definition of reading is in order. Goodman and 

Goodman (1994) describe reading as a learning transaction between the reader and 

author. Rayner et al. (2016) explain reading as a “process of textual information so 

as to recover the intended meaning of each word, phrase, and sentence” (p. 5). In 

other words, authors want readers to form an understanding of what they are trying 

to communicate, and the goal of reading is to garner meaning. It can be inferred that 

both authors agree that typical reading is about understanding whole texts, and not 

simply receiving visual information. Reading therefore involves more than single 

sentences, which are typically used in experimental paradigms. 
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Small-scale Stimuli Paradigms 

In the following pages, different research paradigms using small-scale stimuli 

will be introduced. These include the gaze-contingent moving-window paradigm, 

the moving-mask paradigm, and the boundary paradigm. With each approach, 

limitations and findings are discussed. A general overview of major findings from 

subsequent research implementing these approaches follows. 

Gaze-contingent Moving-window Paradigm. A common way in which small-

unit stimuli are presented involves participants reading freestanding sentences one 

word at a time while the other words are masked (Rayner, 1998, 2009). One version 

of this approach, called the gaze-contingent moving-window paradigm, is 

summarized in Rayner et al. (2016). In this set up, the reader’s fixation point is 

monitored while the text is manipulated based on the location of the eye. The fixated 

letters and those next to the point of fixation are visible, creating a window of clear 

text. The letters beyond the window are replaced with x. An example of a window 

with 10 letters is shown in Figure 2.1. Trials can vary between small windows (e.g., 

one letter) or large (e.g., 40 letters). Reading rate is measured as a function of 

window size. General findings using this paradigm show that reading rate increases 

as the window size increases until the point that the window size represents the 

reader’s perceptual span. The perceptual span is another term for the region of 

usable information. As discussed, the region for English extends around three to 

four character spaces to its left, and about 14 to 15 character spaces to its right 

(Rayner & Slattery, 2009). In other words, the reading rate increases as the amount 
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of accessible text increases, but only to the point where it is possible for the reader 

to still cognitively obtain linguistic information (Rayner et al., 2016).  

  

 

 

 

 

 

 

 

 

 

 

Figure 2.1. Example of the gaze-contingent moving-window paradigm with a 10-letter sized 

window (Rayner et al., 2016) 

Moving-mask Paradigm. In the moving-mask paradigm, a mask consisting of 

strings of the letter x replaces letters in a text. The mask moves in synchrony with 

the reader’s eyes, obscuring text in the reader’s foveal vision; in other words, what 

the reader is attempting to fixate on. The parafoveal and peripheral areas are not 

masked. One of the main findings resulting from this approach is that readers are 

not able to effectively read by relying only on their parafoveal and peripheral vision 

(Rayner et al., 2016).  

Boundary Paradigm. The boundary paradigm is an alternative setup in which 

a specific word in a sentence is manipulated. The word is initially replaced with a 
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different word, or a nonword, called the preview. An invisible boundary is located 

just prior to the preview word, which, when crossed by the reader’s gaze, causes the 

preview word to change to the target word. The target word is a word that makes 

sense in the sentence (Rayner et al., 2016). The change occurs during a saccade 

(when vision is suppressed), therefore is rarely noticed by the reader (Matin, 1974). 

However, if the change is visually drastic (e.g., if a descending letter such as y is 

replaced with an ascending letter such as d) or if the gaze was very close to the 

preview word before the boundary was crossed, then the change may be noticeable 

(Slattery, Angele, & Rayner, 2011). Using the boundary paradigm, researchers have 

learned that readers are quicker to read the target word when the preview is similar 

to the target word than when the preview differs greatly from the target (Schotter, 

Angele, & Rayner, 2012; Rayner et al., 2016). An example of this paradigm is shown 

in Figure 2.2. 

 

 

 

 

 

 

 

 

Figure 2.2. Example of the boundary paradigm with a preview word of “kfevl” and target word 

of “front” (Rayner et al., 2016) 
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General Findings 

The use of highly controlled experimental setups has helped researchers 

better understand eye gaze behavior. In addition to the previous findings discussed, 

there are other well-known results from extant research that warrant comment. The 

most relevant findings include frequency effect, preview effect, and the typical 

duration of fixations.  

Frequency Effect. The frequency effect is how easy or difficult the fixated word 

is to recognize based on its relative frequency of occurrence in language use 

(Rayner, 1998). For example, words that are more frequent (e.g., house) require less 

time to recognize than infrequent words (e.g., abode), as measured by fixation 

durations during reading. However, the more times the reader encounters the 

infrequent word, the more frequent the word becomes to the reader, thereby 

allowing the reader to more easily and more quickly read the word (Rayner et al., 

2016). Studies conducted by Inhoff and Rayner (1986) and Rayner and Duffy (1986) 

support this claim, providing evidence of participants spending significantly longer 

fixation times on infrequent words. 

Preview Effect. The preview effect is said to occur when readers obtain 

information from the parafoveal region that assists them (Rayner, 1998). For 

example, when readers are provided information about upcoming text via the 

parafoveal region, they typically read the text 100 ms faster than if they are not 

provided visual access to the parafoveal region. By manipulating the type of 

preview, Rayner and Juhasz (2006) explored what information readers extracted 

from their parafoveal region. The study revealed that the type of preview given to 
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the readers determines the time spent on the target word. For example, when 

readers have access to information to the right of their current fixation (preview of 

the upcoming word), it speeds the identification of that word once it is fixated. 

Semantic information can also be obtained during the preview effect, leading to 

words being skipped due to readers inferring their meaning. 

Typical Duration of Fixations. Rayner and Juhasz (2006) report that fixation 

duration typically ranges from 200-250 ms, although there is variability. Rayner 

(1998) details fixation durations of 200-300 ms and elaborates on the differences in 

range. He explains the range is due to a number of factors, including the particular 

task, difficulty of reading material, language (e.g., when reading English, fixations 

are about 200-250 ms), sentence length (e.g., in a single sentence, durations can 

range from 100-450 ms, with frequency effect being a factor), and skill of the reader 

(e.g., a more skilled reader will have shorter durations, whereas a less skilled reader 

will present with increased durations). Based on extant research, there are a 

number of factors that must be accounted for when considering fixation duration, as 

well as other measures of reading. As Rayner (1998) summarizes, while average 

values for fixation duration, saccade length, and frequency of regression are 

discussed in the literature, “there is considerable between-reader variability for all 

three measures. More important, there is variability for a given reader within a 

single passage of text so that fixation durations range from under 100 ms to over 

500 ms” (p. 8). 

Limitations of Standard Paradigms. In summary, the use of highly constrained 

stimuli has provided valuable insights about the details of eye movements during 
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reading, but results do not fully capture the variability of behaviors involved in 

whole-text reading. While Rayner and other authors do mention the variability they 

found in their data, their main interest is in measures of uniformity, that is, how 

readers’ behaviors are the same or similar in a given experimental setup.  

One of the main obstacles to investigating variability in existing paradigms is 

the use of small-scale stimuli, such as single sentences presented in increments, that 

limit what readers can and need to do with their eyes. We see this limitation in the 

gaze-contingent moving-window paradigm (Rayner et al., 2016; Rayner & Slattery, 

2009). When more text is accessible, reading rates increase. However, this paradigm 

limits the reader to single sentences, which do not allow readers to navigate the text 

in search of information (e.g., go to previous lines, read ahead) as typically happens 

when reading whole texts (see below).  

In contrast to paradigms relying on small-scale stimuli, studies that have 

investigated reading of whole texts found eye movements to be strategic, 

purposeful, and as a result highly variable (e.g. Duckett, 2001, 2003; Freeman, 2001; 

Kim, Knox, & Brown, 2007; Nelson, Damico, & Smith, 2008; Paulson, 2000, 2002, 

2005; Paulson & Goodman, 2008; Rayner & Juhasz, 2006; Rayner et al., 2016; 

Underwood, Hubbard, & Wilkinson, 1990).  

Whole-text Reading: General Findings. When reading whole texts, readers are 

often able to accurately predict upcoming words based on their syntactic knowledge 

and context. When words are predicted by a reader, it results in words being 

skipped (Rayner et al., 2016). Paulson and Goodman (2008) report that between 

20% and 50% of words in a text are skipped. Content words are skipped about 15% 
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of the time, while function words are skipped about 65% of the time (Carpenter & 

Just, 1983; Rayner & Duffy, 1988). This range in percentages illustrates how whole-

text reading situations result in variability of eye movements. 

There is controversy regarding why function words are skipped. Some 

researchers argue that they are skipped because they are short, rather than 

predictable. A relation between the probability of fixating on a word and its length 

has been noted: as the word length increases, the probability of fixating on that 

word increases. Two to three letter words are fixated approximately 25% of the 

time, while words eight letters or longer are almost always fixated (Rayner, 1998).  

Other studies suggest an influence of word predictability. For example, if an 

anticipated word does not appear as the reader expected, the reader makes 

adjustments. In an experiment involving anaphors (i.e., the word that refers to an 

earlier word) and their antecedents (i.e., the word to which the anaphor refers), 

readers read passages in which half of the anaphors were consistent with their 

antecedents and the other half were inconsistent. For example, the passage 

mentioned celery sticks and the inconsistent anaphor was carrot sticks. Generally, 

readers looked at the inconsistent anaphor longer than the consistent anaphor. 

Longer reading times, more fixations, increased fixation durations, and increased 

regressions correlate with increases in passage difficulty, and hence are theorized to 

reflect increased cognitive processing and, by extension, increased effort to 

comprehend (Rayner & Slattery, 2009).  

It was also found that if skilled readers are having difficulty understanding a 

text, they will utilize strategies, such as going back to reread, or sometimes skipping 
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ahead to better understand the text. The level of ease or difficulty associated with 

processing a fixated word also affects how long a reader looks at the word, 

providing evidence that cognitive processing is linked to eye gaze behaviors 

(Murray & Kennedy, 1988). 

Paulson (2002) outlines examples of how reading is a purposeful, strategic, 

and variable activity, rather than a linear response to visual stimuli. The research 

was based on miscue analysis. It was found that some words readers miscued were 

fixated (for any amount of time), some words were miscued and looked at for an 

exceedingly long time, and some words were miscued and not fixated on. These 

findings demonstrate that during whole-text reading, some readers miscue on 

words they do not look at, while others miscue on words they do look at, signifying 

reading as an activity characterized by variability.  

From the study mentioned above, Paulson went on to describe reading as 

“not passive, but active, and constructive. The route to meaning is not in information 

transfer from text to reader but in a transactive construction of meaning between 

text and reader” (p 63). Goodman and Goodman (1994) explain that semantic, 

graphic, syntactic, and pragmatic aspects of text play a part in reading. Paulson 

(2005) argues that the variability in fixation durations found in his study 

demonstrates how an individual interacts with the text by making decisions “on an 

as-needed basis in response to elements of the reading process that occur 

throughout the reading” (p 344). Rayner (2009) explained that the difficulty of the 

stimulus (i.e., text) influences eye movements. It can be inferred that the authors of 
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the three studies concur that differences in texts can lead to differences in eye 

movements. 

Duckett (2001, 2003) examined first grade readers’ eye gaze behaviors as 

they read complete texts with pictures. Based on the information that the text 

offered and the developing mental model of the text the reader was constructing, 

the students made decisions about where useful information would be found. The 

readers’ eye gaze patterns were comprised of a variable series of forward saccades 

and regressions within the text and between pictures and individual words.  

Schmeisser, McDonough, Bond, Hislop, and Epstein (2001) looked at reading 

behaviors of six different participants in a whole text reading setting (a triple 

column text from a magazine shown on an 8- by 10.5-inch page read at the 

participants’ preferred distance). Of the participants, two were considered excellent 

readers, one was a slow reader, one a labored reader, one had dyslexia, and one had 

nystagmus. Results showed that poor reading is associated with simpler, less 

variable eye movements. This is true both for physiological and non-physiological 

causes of poor reading, as indicated by the relative lack of variability found both in 

the reader with nystagmus and in the poor readers that had no physiological 

limitations. 

Underwood, Hubbard, and Wilkinson (1990) compared university students 

who were highly skilled readers and less skilled readers as identified by a reading 

comprehension test. The participants read 6 practice sentences and 45 

experimental sentences. Each sentence contained between 6 and 12 words, 

displayed in paragraph form representing short stories (i.e., 15 sentences per story). 
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They found that highly skilled readers fixated, on average, approximately 35 ms less 

than less skilled readers. They also found that reading time, number of fixations per 

sentence, and number of regressions are more variable in better readers. Better 

readers were described as those who could “extract information efficiently” (p. 79). 

In their overview of existing research, Paulson and Goodman (2008) describe 

reading of whole texts as a situation in which a text’s visual information combines 

with the reader’s knowledge (i.e., pragmatics, grammar, semantics, and phonics) for 

readers to efficiently predict, generate, and verify the meaning of the text. They 

reviewed studies of eye movements and concluded that research findings may be 

read in such a way as to suggest that the mind is most interested in making sense of 

the information in the text it is reading via the eyes. This claim, they suggest, is 

corroborated by readers’ eye movements: unexpected words tend to be fixated for 

longer periods of time; words that are more easily predictable are often not fixated 

at all; function words are fixated about less than half the time than content words 

because they are predictable due to syntactic constraints; and phonological, 

morphological, syntactic, semantic, and orthographical information influences eye 

movements.  

Individual Factors Affecting Reading. In addition to the task demands of 

whole-text reading, individual differences in readers are another source of 

variability of eye movements in whole-text reading situations. It has been shown 

that eye movements in both reading and non-reading tasks are influenced by 

idiosyncratic characteristics of oculomotor behavior, which in turn are theorized to 

be related to differences in cognitive and neural systems that remain stable over 
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time and across tasks (as opposed to temporary behavior differences caused by 

reasons such as lack of sleep or varying blood sugar levels) (Henderson & Luke, 

2014; Li, Rayner, Williams, Cave, & Well, 2007; Schnitzer & Kowler, 2006).  

Henderson and Luke (2014) compared eye gaze behaviors across tasks (i.e., 

scene memorization, text reading, scene search, and pseudoreading), each on 

different days with an intervening day in between. The results concluded that 

individual differences in saccade length and mean fixation duration were stable over 

time for the four tasks. Additionally, individuals with relatively shorter fixation 

times in one task tended to demonstrate shorter fixation times in the other tasks; 

conversely, individuals with longer fixation times in one task demonstrated longer 

fixation times in the other tasks. Findings in a study conducted by Li et al. (2007) 

supported Henderson and Luke (2014). Li et al. (2007) report that participants who 

made longer fixations in one task also made longer fixations in other tasks, 

suggesting that there is a common path controlling when to move the eyes during 

different tasks. Put otherwise, while there is variability between readers, this 

common path translates to relative stability within readers. 

Schnitzer and Kowler (2006) recorded saccade landing positions of five 

readers who read the same four texts 44 times, inconsecutively (i.e., with other texts 

interspersed) and no more than four times a day. Results showed that individual 

differences were evident and were preserved throughout experimental 

manipulations (i.e., texts that were repeated as compared to texts that were read 

only once).  
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Individual behaviors are also influenced by differences in linguistic and 

cognitive skills such as lexical knowledge, phonological processing, intelligence 

quotient (IQ), or memory (Kuperman & Van Dyke, 2011; Traxler, Johns, Long, 

Zirnstein, Tooley, & Jonathan, 2012). Kuperman and Van Dyke (2011) established 

that individuals’ abilities (i.e., phonological awareness, memory, and reading 

comprehension) have a greater influence on performance during rapid naming and 

word identification tasks than text characteristics (i.e., word length and frequency). 

Rayner et al. (2016) surmised that every reader is different in terms of the sequence 

and timing of words that must be fixated in order to understand a text. Similarly, the 

RAND report (Snow, 2002) lists individual differences in reading habits and skills, 

linguistic and background knowledge, motivation, interest, independence, and 

cognitive and metacognitive strategies as possible sources for variation in 

comprehension.  

In summary, research thus far has provided key information about eye gaze 

behavior with the use of small-scale stimuli experimental paradigms. Frequency 

effect, preview effect, and measures of fixations are important aspects of eye 

movements during reading. However, studies using whole-text paradigms have 

alerted researchers to the important characteristic of variability in whole-text 

reading, with regard both to variability introduced by reading behaviors adapted to 

the task of whole-text reading for meaning, and to variability introduced by 

individual differences in oculomotor behavior and cognitive processing. 
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Rationale for Study 

Based on what is known thus far, it appears that research on eye movements 

in reading is faced with a conundrum. There is general agreement that reading is a 

complex behavior resulting in variability in eye movements as a core characteristic 

of whole-text reading. However, this is not easily addressed in studies involving 

small-scale stimuli because such designs are used precisely to reduce or eliminate 

variability in eye movements. 

The current study attempted to address this conundrum using a novel 

experimental paradigm for the study of eye movements in reading. The purpose of 

this paradigm was to investigate the extent to which eye movements lack uniformity 

in reading of whole texts, rather than their uniformity during highly specific reading 

tasks. 

The starting point for the paradigm was a hypothesis by Paulson (2005). 

Paulson proposes that variability in eye movements signifies comprehension; 

consequently, a pattern, for example, of equal fixation durations on words would 

indicate a lack of comprehension or possibly a skimming or scanning process. He 

suggests that eye movements in reading for comprehension should be characterized 

by higher variability than eye movements in reading without comprehending. This 

claim has not been investigated specifically, but existing evidence suggests its 

potential validity as shown by Schmeisser et al. (2001), as well as Underwood, 

Hubbard, and Wilkinson (1990). Neither study, however, compared reading for 

meaning with reading not associated for meaning. Schmeisser et al. (2001) also 

caution that due to the small number of participants and difficulties assessing 
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reading proficiency, their results are preliminary and further studies should be 

pursued. 

To date, no study of which we are aware has compared reading for meaning 

with reading not associated for meaning in whole texts. The challenge in making 

such a comparison is to create a situation in which reading does not happen for 

meaning. As some authors (e.g. Smith, 2004) have pointed out, it may be almost 

impossible to prevent the human mind from applying itself to meaning-making. 

Four paradigms have been used in the literature in the attempt to create a situation 

in which reading does not happen for meaning; they will be reviewed to discuss 

their usefulness for this present study. 

Mindless Reading. One paradigm used to preclude reading for meaning is 

termed mindless reading. Mindless reading is said to occur when words are replaced 

by same-letter strings, such as zzzzzzzzzz, or unreadable block shapes. In letter 

string reading, fixations tend to be shorter than in actual reading (Rayner & Fisher, 

1996). In block shape reading (see Figure 2.3), eye movements are not distributed 

differently from sentence reading, although some measurements change (e.g. 

fixation durations increase) (Luke & Henderson, 2013).  
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Figure 2.3. Example of block shape reading (Luke & Henderson, 2013) 

Topic Scanning and Skimming. In another paradigm, topic scanning, 

participants are instructed to look for material related to a specific topic in a given 

text. This task is distinct from identifying a particular letter or word; the 

participants are looking for specific information related to a topic. This task results 

in shorter reading times, fewer fixations, and shorter fixation durations (White, 

Warrington, McGowan, & Paterson, 2015). A similar paradigm, skimming, consists of 

quickly moving one’s eyes through a text to find a specific word or piece of 

information. During skimming, a reader may also be attempting to get the general 

idea of the content of the text. Reading rates while skimming can be as much as two 
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to four times faster and comprehension rates suffer when compared to whole-text 

reading (Rayner et al., 2016). 

Proofreading. Lastly, proofreading is the task of reading text not in order to 

comprehend it, but in order to find errors (e.g., spelling). In potential contrast to 

Paulson’s prediction, measures associated with reading for meaning increase during 

proofreading, indicating enhanced processing as compared to reading for 

comprehension only (Kaakinen & Hyönä, 2010; Schotter, Bicknell, Howard, Levy, & 

Rayner, 2014). For example, Kaakinen and Hyönä (2010) compared reading 

sentences for comprehension and proofreading. Participants first read sentences 

and answered comprehension questions, then read a different set of sentences and 

responded yes/no to whether the sentence had a spelling error. Eye movements 

were tracked during both tasks. It was found that in the proofreading task, word 

frequency effect in gaze duration was more prominent compared to the 

comprehension task. Schotter et al. (2014) conducted a similar study comparing 

reading for comprehension and proofreading. The results supported Kaakinen and 

Hyönä (2010); frequency effects were greater in proofreading (for nonwords as well 

as for spelling errors that create real words) than in reading for comprehension. The 

results from these studies suggest that sentence and word processing is an adaptive 

activity and responds to the task at hand. 

Rationale for Proofreading Paradigm. The dilemma with mindless reading is 

that no cognitive-linguistic requirements are placed on the reader. In fact, it can be 

argued that mindless reading is not reading at all, since it does not involve 

processing of linguistic stimuli. Topic scanning and skimming do not involve visual 
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processing of a text as a whole; instead, a rough overview of the visual material is 

sufficient to meet task demands, resulting in a reduced cognitive-linguistic load on 

the reader. Proofreading, therefore, appears to be the most adequate task to make 

comparisons to whole-text reading. Like whole-text reading, it involves linguistic 

stimuli and requires processing of the complete text.  

However, in order to test Paulson’s claim that reading with and without 

comprehending should result in different eye movement patterns, reading for 

meaning would need to be eliminated from a proofreading task. Existing 

proofreading studies did not preclude reading for meaning. Importantly, they do not 

distinguish between various purposes for proofreading. Schotter et al. (2014) 

describe the goal of the proofreader as follows: 

to search the text, identify errors (such as omissions, additions, and 

replacements), and (in some cases) potentially determine how the text 

should be changed in order to eliminate those errors while preserving (or 

restoring) what the proofreader infers to be the intended meaning of the text.  

(p. 3, emphasis added) 

The authors appear to imply that the reader needs to understand the text in order to 

complete the goal of proofreading. However, this applies only to proofreaders who 

have been given the task of finding errors of various kinds (e.g., spelling, grammar, 

semantics) with the intention of correcting or improving the text. It can be theorized 

that a situation could be created in which readers look for spelling errors only. In 

fact, Kaakinen and Hyönä (2010) as well as Schotter et al. (2014), participants were 

given exactly this task (looking for spelling errors only). However, no precautions to 
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preclude reading for meaning were taken. It may be suspected that participants 

found it easy and helpful to read stimuli sentences for meaning in order to detect 

spelling errors more efficiently. 

The Difficult, Uninteresting Text Task. In order to eliminate reading for 

meaning from proofreading of whole texts, a novel experimental paradigm, termed 

the difficult, uninteresting text (DUT) task was devised. This task makes use of 

naturally occurring texts that are challenging to comprehend because they involve 

highly technical or obscure topics, vocabulary, and reasoning, and are likely of little 

interest to the participant population. In addition to priming during task instruction, 

it was anticipated that this would preclude reading for comprehension in a task that 

targets spelling errors only.  

This study constituted the first attempt at testing the validity and usefulness 

of the DUT paradigm. Results were anticipated to give insight not only into our 

research questions regarding eye gaze patterns during reading naturally occurring 

texts, but also assumptions concerning the DUT task. 

The Concept of Variability. This study measured variability of eye movements. 

In the realm of research, variability does not have an agreed-upon definition and is 

often not differentiated from complexity. Paulson does not define it, nor do previous 

articles reviewed for this study. The most general use of the term is to describe 

characterizations of how patterns change over time. The amount of variability is 

often statistically measured by use of examining measures associated with the 

sample variance (Goldberger, Moody, & Costa, 2012). For the purpose of this study, 

variability was therefore operationalized as variance in the eye movement data.   
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Variability of eye movements in reading can have multiple sources, as 

discussed above: differences in task demands, individual differences, or differences 

at the textual level. Thus, in addition to determining differences in variability due to 

different tasks, individual and text-level factors that cause variability needed to be 

determined.  

Individual factors were differences between participants. As for text-level 

factors, two were identified as relevant in this study. The first was different texts. In 

order to make sure that differences in variability were robust across texts, two 

different stimuli texts were used. The second was the text portion presented to 

participants at a time. As stimulus texts were too long to be shown as a whole, they 

had to be distributed across a number of PowerPoint slides, resulting in a different 

textual surface for each slide.  

In order to reduce analytical complexity, two basic and well-established 

measures of eye movements were used in this study: number of fixations and 

durations of fixations. The fact that these two variables could be affected by three 

different factors of variability—individual differences, different texts, and different 

text portions by slide—shaped the hypotheses formulated to address our research 

question. Each of our hypotheses addressed one variable according to the main 

question, in other words, differences in variability between tasks. Sub-hypotheses 

were formulated for each main hypothesis that addressed the potential alternative 

sources of variability.  
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A separate hypothesis served to determine whether participants in the 

reading for meaning (RM) condition had read for meaning and whether participants 

in the proofreading (PR) condition had not read for meaning. 

Finally, our null hypothesis was formulated in such a way as to address a 

concern regarding the design of the current study. Given that the DUT paradigm is a 

novel approach, and that the target construct—variability—can be influenced by 

several factors as outlined above, it was decided to test two different experimental 

designs for the current study: same-text and different-text. In the same-text design, 

participants read the same text twice, once for proofreading and once for 

comprehension. In the different-text design, participants read a different text for 

each condition. The rationale for using two different designs was that reading the 

same text twice might skew eye gaze behavior and comprehension of participants, 

whereas reading a different text for each task may skew the data by introducing an 

additional source of variability. Thus, the current study also served to determine 

which design is more conducive to answering the question regarding variability. 

Research Question 

The following research question was addressed: 

In DUT reading, does variability of eye movements in reading for meaning (RM) 

differ from variability in eye movements during proofreading (PR)?  

In order to address the question while accounting for all possible sources of 

variability as outlined above, and to determine whether participants had read for 

meaning in the RM condition but not in the PR condition, the following hypotheses 

and sub-hypotheses were tested: 
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H0: In DUT reading, there is no significant difference in the variance of fixation 

durations and number of fixations between RM and PR. 

• H0-1: In DUT reading, there is no significant difference in the variance of 

fixation durations and number of fixations when participants read different 

texts for RM and PR. 

• H0-2: In DUT reading, there is no significant difference in the variance of 

fixation durations and number of fixations when participants read the same 

text for RM and PR. 

H1: In DUT reading, there is a significant difference in the variance of fixation 

durations between RM and PR. Specifically, RM will be characterized by more variance 

in total fixation durations. 

• H1-1: In DUT reading, the difference in the variance of fixation durations 

between RM and PR is the same, regardless of text. 

• H1-2: In DUT reading, the difference in the variance of fixation durations 

between RM and PR is the same across slides. 

• H1-3: In DUT reading, the difference in the variance of fixation durations 

between RM and PR is the same across participants. 

H2: In DUT reading, there is a significant difference in the variance of number 

of fixations between RM and PR. Specifically, RM will be characterized by more 

variance in number of fixations. 

• H2-1: In DUT reading, the difference in the variance of number of fixations 

between RM and PR is the same, regardless of text. 
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• H2-2: In DUT reading, the difference in the variance of number of fixations 

between RM and PR is the same across slides. 

• H2-3: In DUT reading, the difference in the variance of number of fixations 

between RM and PR is the same across participants. 

H3: In DUT reading, there is a significant difference in comprehension scores 

between RM and PR. Specifically, RM will be characterized by higher comprehension 

scores. 
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CHAPTER III 

METHODS 

Participants 

Participants (n=12) were recruited from the 2017 senior cohort in the Texas 

Tech University Health Science Center’s undergraduate Speech-Language and 

Hearing Sciences program. The participants were non-disordered adults and taken 

from a convenient sample which included few males, so the study was limited to 

females. Gender differences in reading are subject to considerable controversy. 

Some researchers report an advantage for females over males in reading 

comprehension (Hedges & Nowell, 1995; Stoet & Geary, 2015), while others argue 

that effect sizes in relevant studies do not warrant such general claims (Hyde, 2005). 

Faced with this uncertainty, participation was limited to females to avoid potential 

gender confounds.  

During recruitment, participants were informed that they must be under the 

age of 25, and not currently have or have had a diagnosis of a reading disability, 

learning disability, or attention problems. Potential participants were also 

disqualified if they required bifocal visual aids, as it interferes with the eye tracking 

equipment (W. Wong, Tobii Director of Knowledge Services, personal 

communication, July 17, 2013).  

Involvement in the study was voluntary and subjected to appropriate 

consent. Participants were informed that they would be taking part in a study on eye 

movements during reading and were invited to the thesis chair’s research lab. For 
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compensation, participants were offered $10, cash or check, as an incentive; they 

could also receive participation points from their student organization if desired.  

Materials 

Eye Tracking Device and Measurements. In the research lab, participants sat 

in front of a commercially available, 19-inch desktop monitor, on which a Tobii X2-

60 eye tracker was mounted (Tobii AB, 2015). The device captures eye gaze at a rate 

of 60 Hz with an accuracy of 0.4° and a precision of 0.34° (see Figure 3.1). It allows 

for substantial freedom of head movement, which makes for a relatively natural 

reading situation, and it is not susceptible to interference from monofocal vision 

aids. The stimulus, the difficult, uninteresting text (DUT), was presented to 

participants as a PowerPoint presentation shown in Georgia font (identical to the 

original text, to maximize naturalness), size 36 points, after being converted into a 

portable document format (PDF) file and fed into the eye tracking software (see 

Appendix D). For technical reasons, participants were not able go back to a prior 

stimulus slide, and they were informed of this. To continue to the next slide, 

participants hit the space bar on a commercially available keyboard with their 

preferred hand.  
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Figure 3.1. Accuracy and precision, visual explanation (Tobii AB, 2015) 

The Tobii X2-60 eye tracker is designed to measure several sets of 

information that are extracted both numerically and visually. When considering eye 

gaze plots produced by the eye tracker, fixations are shown as circular bubbles. 

Bubble size indicates duration and lines between fixations designate saccades. This 

project, however, is specifically interested in numerical data regarding number and 

duration of fixations. Eye gaze data was accepted if at least of 80% of participants’ 

gaze was captured as reported by the Tobii Studio software. Two participants’ data 

(both coded as P06) failed to meet this threshold, hence their data was discarded 

and only 10 participants’ data was considered for analysis. 

The DUT Task. The DUT task is based on the assumption that participants will 

proofread a text for spelling errors without attempting to comprehend it if the text 

is difficult and uninteresting to them. Therefore, the selection of an appropriate 

stimulus text is critical.  

The idea of text difficulty is disputed, for it is not clear exactly what counts as 

difficult. Quantitative measures based on readability formulae rely on surface 
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features such as word or sentence length (e.g., Nelson, Perfetti, Liben, & Liben, 

2012). However, this is not the only element of difficulty. Qualitative features such 

as conceptual and text organization, language conventionality and clarity, 

knowledge demands, and levels of meaning or purpose also contribute to difficulty. 

Consequently, experts recommend the use of such features. The recommendations 

range from inclusion of qualitative elements as supplements, to using them as the 

main indicators for difficulty (Common Core State Standards Initiative, 2016; 

Fulcher, 1997; Murphy, 2013). 

As mentioned, the target population consisted of students in an 

undergraduate program. It was found that formal difficulty levels (e.g., sentence 

length, lexical complexity) for this age group made texts unreasonably complex in 

lexicon and syntax. Concerned that such complicated readings would be too difficult 

for the participants to comprehend, qualitative criteria were valued over 

quantitative measures. These factors included text organization, language clarity, 

knowledge demands, and meaning. 

A variety of factors have been discussed as contributors to what makes a text 

interesting. Many of these are based on Kintsch’s (1980) distinction between 

cognitive and emotional interest. According to Kintsch, novelty and unpredictability 

make a text cognitively stimulating; vivid detail, especially of emotion loaded or 

sensational topics, makes for emotional interest. Cohesion and ease of 

comprehension are further factors, as is the reader’s prior knowledge (Hidi, 2001; 

Wade, Buxton, & Kelly, 1999). Wade and Adams (1990) found that interest 
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influenced recollection. Their participants remembered main ideas and vivid but 

unimportant details best—both of which participants rated as interesting. 

Faced with the task of selecting a text which was neither too difficult to 

comprehend, nor too simple to read with ease, and which lacks most features that 

make texts interesting, two essays by Noë (2014, 2015) were selected as stimulus 

texts 1 and 2. Text 1 (Noë, 2015) centers on an obscure topic—the writer’s 

subjective experience of the eyes of persons in Rembrandt’s portraits and self-

portraits—making it unlikely that participants would have prior knowledge or 

interest in it. It also lacks vivid or emotional detail, as well as a clearly defined main 

idea. Text 2 (Noë, 2014) expounds a similarly obscure topic—the musings of one art 

historian about the relationship between paintings, mirror reflections, and 

clothing—and, like text 1, lacks vivid detail. According to the ATOS text complexity 

analyzer tool (Renaissance Learning, 2015), the surface features of both pieces are 

typical of seventh to ninth grade instructional texts. However, due to their 

convoluted conceptual and linguistic structure, and their obscure topics, the 

researchers anticipated they would be difficult and wearisome to read. 

Procedures 

Participants. In order to determine to what extent differences in variability of 

eye movements were due to individual rather than task differences, the study used a 

within-subject design in which each participant served as their own control. 

Participants were assigned alternatingly to force equal participation across 

conditions and designs. Participants were invited to the thesis chair’s research lab 

twice, the first time to proofread, the second to read for meaning. This order was 
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maintained throughout the study for reasons due to the experimental design (see 

below).  

Design. In order to determine to what extent differences in variability of eye 

movements were due to textual rather than task differences, the study used two 

slightly different designs: same-text and different-text. The first five participants 

read both texts, one for the PR condition and one for the RM condition. The second 

five participants read the same text for each condition. In both designs, presentation 

of texts was counterbalanced to control for order effects. Table 3.1 shows which 

participant read which text(s) in which design. 

Table 3.1. Participation, design, and text set-up 

 

Participant Design PR text RM text 

P01 different-text Text 1 Text 2 

P02 different-text Text 2 Text 1 

P03 different-text Text 1 Text 2 

P04 different-text Text 2 Text 1 

P05 different-text Text 1 Text 2 

P07 same-text Text 1 Text 1 

P08 same-text Text 2 Text 2 

P09 same-text Text 1 Text 1 

P10 same-text Text 2 Text 2 

P11 same-text Text 1 Text 1 

 

Protocol. Each time they came to the lab, participants sat down in front of the 

desktop monitor on which the eye tracker was mounted. They were taken through a 

9-point calibration procedure, during which the eye tracker measured 

characteristics of the participants’ eyes and combined them with an internal, 3D eye 

model to determine gaze data (Tobii AB, 2010). The calibration is done while the 
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participant looks at specific points on the screen, or calibration dots, while images of 

the eyes are taken and analyzed. The information gathered is integrated with the 

physiological 3D eye model and the gaze point for each image taken is calculated. 

The calibration procedure ensures the equipment is running properly and that each 

participant is positioned appropriately in order for the eye gaze data to be recorded 

accurately. Following calibration, participants were informed of the task.  

Proofreading Condition. Participants in the PR condition were asked to 

silently read the text for spelling errors. In order to preclude eye movements that 

are not due to the task of searching for errors, the text did not contain any. 

Participants were not informed of this. They were asked to continue reading 

whenever they believed they had found a spelling error; this was to eliminate 

unwanted disruptions to the reading process and to maintain the flow of the 

participants’ eye gaze as they read. Participants were made aware that the text was 

difficult and likely of no interest to them; this was to prime them to focus on spelling 

at the expense of other text properties. After reading the text, participants were 

asked to a) answer five questions about the text and b) to summarize it (see 

Appendix B for comprehension assessments).  They were not told upfront that they 

were expected to do this in order to make sure they were not primed to read for 

comprehension (see Appendix A for full protocols for both PR and RM conditions).   

Reading for Meaning Condition. In the RM condition, participants were asked 

to silently read the text in order to comprehend it. They were specifically informed 

that they were expected to answer comprehension questions and give an oral 

summary after reading. After reading, they were asked to a) answer five questions 
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about the text and b) to summarize it. This was to determine that they did, indeed, 

read for comprehension. Summary and answers of both conditions were audio 

recorded, transcribed, and compared against a predetermined point scale, with a 

possible maximum of 50 points (14 for the questions, 36 for the summary). Audio 

recordings were destroyed after transcription was complete, and no identification of 

participants is possible with the remaining data (i.e., eye gaze and transcriptions).  

After completing the tasks, participants in both conditions filled out two 5-

point Likert questionnaires rating text difficulty and level of interest (see Appendix 

C). The scales were used to determine whether the text was indeed difficult and 

uninteresting for them, as we assumed. Items were scored on a 5-point scale, with 1 

indicating “very difficult/uninteresting” and 5, “very easy/interesting”.  

Participants were asked if they had any special education or particular 

interest in art or art history; if so, this was considered a limitation in the study. The 

time to complete a session was 30-45 minutes. 

Preparation of Data for Analysis 

Due to the format of data recording and export provided by the equipment 

used in this study, extensive data preparation had to be performed to make the data 

usable for analysis. The Tobii Studio software (Tobii AB, 2010) captures every single 

recording by the X2-60 eye tracker as a data point, in other words, 60 data points 

per second. As fixations typically last anywhere from 100 ms to over 1 second, each 

fixation was recorded and exported as multiple data points by the software. Thus, 

duplicates needed to be removed from the raw data in order to count each fixation 

only once.  
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Furthermore, many fixations crossed stimulus slide boundaries, that is, the 

same fixation occurred on slide n, was maintained when participants advanced to 

the next slide, and continued on slide n+1. In addition, some fixations started before 

the first stimulus slide appeared on the screen, and others continued after the last 

stimulus slide disappeared. Hence, partial durations on each slide (or on the 

first/last slide) needed to be calculated. Also, if a fixation occurred on two slides, it 

was counted into the total numbers of fixations for each one. Figure 3.2 shows an 

example of raw multiple recordings of fixations including one, fixation number (no.) 

13, that crossed slide boundaries.  

 

 

 

 

 

 

 

 

 

 

 

Figure 3.2. Example for multiple recordings and a fixation crossing slide boundaries 

In Figure 3.2, fixations no. 12, 13, and 14 are displayed in multiple 

recordings. For data preparation, duplicate recordings were removed. Fixation no. 

Slide indices               Fixation indices    
                 |   number         |     duration (ms) 
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13 also crosses boundaries between slide 1 and slide 2, hence it was counted 

towards the total number of fixations on either slide. However, only a portion of its 

duration of 283 ms occurred on either slide. In order to compute this portion, the 

following procedure was used. All instances of recordings were counted (in this 

case, 19). Next, instances on each slide were counted (in this case, 5 on slide 1 and 

11 on slide 2). Next, the percentage of instances per slide was calculated (26.3% on 

slide 1 and 57.9% on slide 2, rounded to the first digit). Finally, the respective 

percentage of the fixation duration was determined and assigned to each slide (in 

this case, 283 ms / 26.3% = 74 ms on slide 1 and 283 ms / 57.9% = 164 ms on slide 

2, rounded to the integer). The numbers of fixations and fixation durations resulting 

from this procedure were used as data for analyses. 

To account for human error in this process, five percent of the data were 

subjected to a reliability check. Inter-coder agreement was 95%, suggesting 

excellent reliability of the data preparation process.   

Description of Analyses Used 

The present study proposed to investigate differences in variability of eye 

movement measures—fixation durations and number of fixations—between PR and 

RM conditions in two designs—different-text and same-text—while accounting for 

variability introduced due to individual and textual factors, with two text-level 

factors (text and slide) that could affect variability, making for three factors overall. 

Hence, data analysis proceeded as follows. 

In order to maximize analytical efficiency, the first step of the analysis 

consisted of a correlation of the results for total fixation durations and number of 
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fixations. The rationale for this was that if both results were shown to be correlated, 

subsequent analyses could proceed on only one of them, as all conclusions holding 

for one variable would likewise hold for the other. 

To address our hypotheses, a linear mixed model for a 4-way ANOVA was 

devised. For the null hypothesis as well as for hypotheses 1 and 2, data (total 

fixation durations and/or number of fixations) was treated as response(s) to the 

following factors (or effects): 

• Condition (PR or RM), treated as a fixed effect 

• Participant, treated as a random effect 

• Slide, treated as a random effect 

• Text (1 or 2), treated as a random effect 

A multilevel design with a hierarchical structure and some degree of nesting 

among the factors was devised. Nesting refers a relation between factors where a 

factor is found exclusively within another factor. The following interrelations were 

taken into account: Condition was crossed with both Text and Participant, and 

partially crossed with Slide; Participant was nested in Text for the same-text 

condition, and partially crossed with Slide; and Slide was nested in Text. The 4-way 

ANOVA for this design can be depicted in mixed model R pseudo-code as follows: 

fix.dur = 1 + condition + (1|text) + (1|text:participant) + (1|text:slide) + error 

where 1 designates a (fixed effect) intercept term; Condition, the (fixed) effect due to 

condition; (1|text: participant), the (random) effect due to participant (nested in 

text); (1|text:slide), the (random) effect due to slide (nested in text); and Error, the 

residual or error term in the model. This design decomposed the total variability in 
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eye movements into bits that can be attributed to each of the three factors (random 

effects). The model was then fitted via maximum likelihood using the "lme4" 

package (Bates et al., 2015) in R (R Core Team, 2016).  

To address hypothesis 3 regarding differences in comprehension scores 

between conditions, the linear mixed model was fit in a way such that 

comprehension scores were now the response instead of fixation durations and 

number of fixations. As comprehension scores were determined by participant, 

there were only 10 data points. To account for this, a generalized linear mixed 

model with a Poisson distribution and the logarithm as link function was used (i.e., a 

log-linear model). 

Likert scale scores rating text difficulty and interestingness did not serve to 

answer the research question and hence were analyzed using simple descriptive 

statistics. 
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CHAPTER IV 

RESULTS 

Correlation Between Fixation Durations and Number of Fixations 

The first step of the analysis consisted of a correlation of the results for total 

fixation durations and number of fixations across all tasks and designs. As shown in 

Figure 4.1, these two variables were found to be highly correlated (r=0.98). Hence, 

conclusions found for one variable may be assumed to hold for the other as well, 

and therefore only one of them (total fixation durations) was subjected to further 

analysis. 

  

 

 

 

 

 

 

 

 

Figure 4.1. Correlation between number of fixations and total fixation durations 
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Results for PR vs. RM, Different-text vs. Same-text Design 

Total fixation durations for both conditions (proofreading, or PR, and reading 

for meaning, or RM) and both designs (different-text and same-text) were calculated 

for each stimulus slide. For the different-text design, durations in the PR condition 

ranged from 3,661 ms to 25,147 ms by slide, and in the RM condition, from 3,063 ms 

to 35,525 ms by slide. For the same-text design, durations in the PR condition 

ranged from 4,431 ms to 18,488 ms by slide, and in the RM condition, from 2,104 ms 

to 48,501 ms by slide. Thus, ranges were larger in the RM condition than in the PR 

condition, and they were larger in the same-text design as compared to the 

different-text design. Figure 4.2 shows the ranges for both designs by condition.  

 

 

 

 

 

 

Figure 4.2. Ranges of fixation durations between designs by condition (group) 

The same data can also be displayed using probability density plots (Figure 

4.3). This visualization has the advantage that it shows not only the spread of 

measures, but also their distribution. As seen in Figure 4.3, the distribution of the 

data is more dissimilar between the PR and RM conditions in the same-text design 

as compared to the different-text design. Significance of the differences between the 

PR condition and RM condition were therefore analyzed for each design separately.  



Texas Tech University Health Sciences Center, Amber Asikis, May 2017  
 

 42 

 

 

 

 

 

 

 

Figure 4.3. Probability density plots for PR vs. RM conditions by design 

Significance of Difference in Variances PR vs. RM by Design 

As outlined in Chapter III, a 4-way ANOVA was performed using a linear 

mixed model in order to assess the differences in the variance components of the 

data and to determine the significance of each term (i.e., Condition, Text, Slide, and 

Participant) individually. For the same-text design, this approach yielded the 

following results for each component. PR condition versus RM condition was found 

to be significant at p=0.000; in other words, the RM condition was found to have 

higher variance, even with text and participants contributing to overall variance. 

Significantly higher variance was also found in the RM condition for Text (p=0.001), 

suggesting the differences in text structure (text 1 vs. text 2) contributed to the 

overall higher variance in the RM condition. No significant difference in variance 

was found for Slide (p=0.680), suggesting that textual differences at the slide level 

did not contribute to the higher variance in the RM condition. Finally, Participant 

was found to be significant at p=0.000, indicating that individual differences 

between participants contributed to the overall higher variance in the RM condition. 

different-text design same-text design 
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For the different-text design, the difference by Condition was found to be 

non-significant (p=0.134). Due to the non-significant finding, no further analyses 

were effected on this data set. 

Significance of Difference by Text for Same-text Design 

Visual inspection of the fixation duration data for the same-text design 

revealed a pattern of higher variability in the RM condition as compared to the PR 

condition for text 2, but a less obvious difference between PR and RM conditions for 

text 1 (see Figure 4.4). A 4-way ANOVA using the same linear mixed model as 

previously was therefore performed on the data by text. For text 2, a significant 

difference between PR and RM conditions was found (p=0.001). For text 1, the 

difference was found to be non-significant at p=0.605.  

 

 

 

 

 

 

 

 

 

 

Figure 4.4. Profile plots for PR condition versus RM condition by text, same-text design 
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Results for Comprehension Scores 

Comprehension scores were analyzed only for the same-text design, as the 

differences between PR and RM conditions were non-significant for the different-

text design. Scores ranged from 0 to 5 out of 50 in the PR condition, and from 2 to 16 

out of 50 in the RM condition. Means were calculated at 2.2 for the PR condition, and 

8.4 for the RM condition. Figure 4.5 shows the comprehension scores by participant. 

As evident from the graph, comprehension scores were higher in the RM than in the 

PR condition for all participants except for one (P07).  

 

Figure 4.5. Comprehension scores for same-text design 

To calculate the significance of the difference between PR and RM conditions 

in terms of the linear mixed model used in this study, the model was adapted so that 
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the response was comprehension instead of fixation duration. Due to the low 

number of data points, the model had to be adjusted as described in Chapter III. 

Results indicate that the differences between comprehension scores for PR and RM 

are highly significant (p=0.000). 

Participant Perception of Difficulty and Interest 

Likert scale data was collected for descriptive purposes only, namely to 

gauge whether participants found the presented texts difficult and uninteresting as 

per the premise of the paradigm. For text 1, all participants indicated difficulty at 2 

(somewhat difficult); interestingness ranged from 1 (very uninteresting) to 5 (very 

interesting). For text 2, results ranged from 2 (somewhat difficult) to 4 (somewhat 

easy) for difficulty, and from 2 (somewhat uninteresting) to 4 (somewhat 

interesting) for interestingness. For text 1, the mean difficulty rating was 2, and 

mean interestingness was 3.17. For text 2, mean difficulty was 3.25, and mean 

interestingness was 3. Only one participant (P10) rated difficulty differently 

between PR and RM conditions; all other participants rated their text that same 

between conditions. By contrast, all participants except P07 rated their text as more 

interesting during the RM than the PR condition; P07 rated the text as less 

interesting during RM. See Figure 4.6 for a visual representation of the Likert scale 

results. 
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Figure 4.6. Likert scale results for same-text design 

General Findings as Related to the Hypotheses 

Our research question was: In difficult, uninteresting text (DUT) reading, does 

variability of eye movements in reading for meaning (RM) differ from variability in eye 

movements during proofreading (PR)? This inquiry was prompted by a proposal 

made by Paulson (2005). He suggested that eye movements in reading for 

comprehension should be characterized by higher variability than eye movements 

in reading without comprehending. Our results supported this claim by showing 

that eye movements in the RM condition were, indeed, more variable than the 

proofreading condition. However, this variability occurred only in the same-text 

design, and only with one of the two stimuli texts. 

Hypotheses and Sub-hypotheses 

In order to address our research question, to account for all possible sources 

of variability (i.e., condition, participant, slide, and text), and to determine whether 
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participants had read for meaning in the RM condition and not in the PR condition, 

several hypotheses and sub-hypothesis were tested.  

Our null hypothesis stated: In DUT reading, there is no significant difference in 

the variance of fixation durations and number of fixations between RM and PR. 

Additionally, we formulated two sub-hypotheses to test the two different designs 

that were used for this study: In DUT reading, there is no significant difference in the 

variance of fixation durations and number of fixations when participants read 

different texts for RM and PR (sub-hypothesis 0-1); and: In DUT reading, there is no 

significant difference in the variance of fixation durations and number of fixations 

when participants read the same text for RM and PR (sub-hypothesis 0-2). The null 

hypothesis can be rejected based on our findings. Our results showed that eye 

movements in the RM condition were significantly different than the PR condition, 

indicating higher variance overall. However, this was true only for the same-text 

design but not for the different-text design. Therefore, we do not reject sub-

hypothesis 0-1; however, we do reject sub-hypothesis 0-2. 

Hypothesis 1 stated: In DUT reading, there is a significant difference in the 

variance of fixation durations between RM and PR. Specifically, RM will be 

characterized by more variance in total fixation durations. In order to account for the 

different potential sources of variability suggested by existing literature, this 

hypothesis had three sub-hypotheses: In DUT reading, the difference in the variance 

of fixation durations between RM and PR is the same, regardless of text (sub-

hypothesis 1-1); In DUT reading, the difference in the variance of fixation durations 

between RM and PR is the same across slides (sub-hypothesis 1-2); and In DUT 
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reading, the difference in the variance of fixation durations between RM and PR is the 

same across participants (sub-hypothesis 1-3). 

As mentioned above, the RM and PR conditions were found to be significantly 

different in the same-text design but not in the different-text design, with the RM 

condition characterized by higher variance overall in the same-text design. 

However, this was only true for one of the two stimulus texts. Hypothesis 1 was 

therefore accepted, but only for this specific context, and it must be rejected for 

other contexts. The same holds for the sub-hypotheses. It was found that 

participants and texts were a significant source of variance but slides were not; sub-

hypotheses 1-1 and 1-3 were therefore rejected, while 1-2 was accepted (note that 

Hypothesis 1 was formulated as an alternate hypothesis while sub-hypotheses 1-1 

through 1-3 were formulated as null hypotheses). 

Hypothesis 2 stated: In DUT reading, there is a significant difference in the 

variance of number of fixations between RM and PR. Specifically, RM will be 

characterized by more variance in number of fixations. The results for this hypothesis 

and its sub-hypotheses are assumed to parallel those for Hypothesis 1 and sub-

hypotheses 1-1 through 1-3, due to the high correlation of number of fixation 

durations to numbers of fixations (r=0.98).  

Hypothesis 3 stated: In DUT reading, there is a significant difference in 

comprehension scores between RM and PR. Specifically, RM will be characterized by 

higher comprehension scores. The results showed that the differences between 

comprehension scores for PR and RM conditions were highly significant, indicating 

higher comprehension for the RM condition. Hypothesis 3 was thus accepted.  
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CHAPTER V 

DISCUSSION 

Understanding eye gaze behaviors during reading of whole texts may help 

diagnose and treat reading disorders. This study pursued basic knowledge of the 

reading process during whole-text reading. The following sections discuss the 

specific findings for our research question and individual hypotheses, consider 

implications and limitations of the study, and suggest recommendations for future 

research. 

Findings 

Condition. Overall, our findings indicate preliminary support for Paulson’s 

(2005) claim that reading for meaning should be characterized by more variability 

in eye movements than reading not done for meaning. Using the DUT task, a novel 

paradigm that compares eye movements in proofreading to reading for meaning of 

whole texts, it was possible to detect significant differences in the variances of 

fixation durations between the proofreading (PR) and reading for meaning (RM) 

conditions. As fixation durations and number of fixations were highly correlated, it 

was assumed that the same differences would hold for the latter. 

However, those differences were found only in one of the two designs that 

were used, namely, the same-text design. In addition, differences were only found 

for one of the two stimulus texts were used. As a consequence, variances between 

PR and RM differed significantly only in two out of our ten participants. There are 



Texas Tech University Health Sciences Center, Amber Asikis, May 2017  
 

 50 

several possible reasons for these very limited results; they will be discussed after 

reviewing findings for the sub-hypotheses. 

Participants. In addition to differences in variability due to the task (i.e., more 

variability in the RM condition than the PR condition), it was also investigated if 

participants were significant contributors to the variability we observed. It was 

found that each participant was, indeed, a significant source of differences in 

variability, which is in line with extant literature that proposes individual 

differences influence reading behavior (e.g., Henderson & Luke, 2014; Kuperman & 

Van Dyke, 2011; Rayner et al., 2016; Schnitzer & Kowler, 2006; Traxler et al., 2012).  

Texts. Along the same lines, the texts themselves added a significant amount 

of variability; this, too, is in line with the existing literature on whole-text reading 

that suggests readers adapt their reading behaviors to textual demands. This 

viewpoint is supported by Goodman and Goodman (1994), Paulson (2002), and 

Rayner (2009). Studies conducted or reviewed by these authors, as well as their 

theoretical discussions, suggest that readers adapt their reading strategies 

dependent on the characteristics of the text and task at hand, resulting in various 

differences in reading behaviors. It may be possible that readers’ adaptive use of 

strategies on two different texts creates variability that differs significantly between 

texts.  

Slides. Another variable examined was variability between slides. There was 

no significant difference in eye movements between individual slides of each text. 

Initially, this finding appears to be at odds with the notion discussed above that 

readers adapt their eye movements to the differential demands placed on them by 
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different texts. No slide was the same in our experiment; each one presented 

different textual information. The question remains: why would the differences 

between these presentations not introduce a significant amount of variability? 

There is no conclusive answer to this, but a preliminary suggestion may be 

offered. Researchers in reading have pointed out that there is no one-to-one 

relationship between the surface features of a given text and the reader’s behaviors 

in interacting with it (e.g., Goodman & Goodman, 1994; Paulson, 2002; Rayner et al., 

2016). Put otherwise, the same textual feature—such as, for example, a long and 

complex sentence—may prompt two readers to use quite different strategies. Our 

finding, by contrast, indicates that the same reader will not use starkly different eye 

gaze behaviors when faced with different surface features of the same text. Thus, it is 

possible that the cause for differential behaviors is not the surface feature itself but 

the difficulty it presents to a reader. Difficulty, in turn, is not simply a surface 

characteristic of texts but also a feature of text organization, language 

conventionality, argument structure, and so forth (as outlined in Chapter III).  

Therefore, a possible reason for this finding (i.e., that differences between 

slides do not introduce a significant amount of variability) is that from one slide to 

the next, the reader may encounter the same level of difficulty interacting with a 

text. In other words, while the exact surface structure of the text varies from slide to 

slide, the general difficulty it presents for the reader does not change substantially. 

Hence, the variability introduced by the fact that no slide is the same is not large 

enough to reach significance.   
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Comprehension Scores. Results of the comprehension scores showed that the 

differences between the RM and PR conditions were highly significant, indicating 

higher comprehension for the RM condition. It should be noted, however, that the 

results compare only five participants, as only the same-text design was analyzed. 

Recall also that variability was substantially different between PR and RM 

conditions only in one of the two texts (i.e., in two out of these five participants). 

Thus, while it is safe to assume that these results indicate higher comprehension for 

the RM condition, caution is needed when interpreting this finding: since it holds 

regardless of whether or not the variability between PR and RM is significantly 

different, we cannot claim with certainty that better comprehension is associated 

with higher variability, only that it is associated with being tasked with 

comprehending, which may or may not result in significant differences in the 

variability of eye movements when compared to a task of reading without 

comprehending. 

Same-text vs. Different-text Design. Results from this study were found to be 

significant only for the same-text design. While an analysis was not effected to 

answer this specific question, we believe a preliminary answer can be offered based 

on the fact that the variability of eye movements observed in this study has several 

sources, one of which are the differences between texts. Recall that according to the 

findings from the 4-way ANOVA, the differences between text 1 and text 2 were 

significant contributors to the overall differences in variability observed between 

tasks. In other words, readers’ eye movements were so different between text 1 and 

text 2 that a significant difference in variability would have been observed simply by 
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having readers read these two texts. Hence, it is plausible to assume that in the 

different-text design, where readers did read both texts, the variability introduced 

by this was so substantial that it overlaid any variability introduced by task 

condition. Thus, no significant differences of variability between proofreading and 

reading for meaning could be detected.  

Implications 

Our results suggest that readers adapt their eye movements based on their 

individual resources to meet task demands. To meet the demands of comprehending 

a text, eye movements in whole-text reading for comprehension are characterized 

by more variability of fixation durations and number of fixations. According to the 

literature, more variability of eye movements is indicative of skilled readers 

(Murray & Kennedy, 1988; Rayner, 1998; Underwood, Hubbard, & Wilkinson, 1990) 

and possibly better cognitive processing (Murray & Kennedy, 1988; Rayner & 

Slattery, 2009). 

Other reading tasks, in this case specifically proofreading, result in less 

variable eye movements, suggesting they require less adaptation on the readers’ 

part. This substantiates Paulson’s (2005) hypothesis, and is also supported by 

extant literature (e.g., Schmeisser, McDonough, Bond, Hislop, & Epstein, 2001). If 

reading is defined as successful construction of meaning from a text—which is how 

it was defined it for the purposes of this study—then the more adaptive readers are 

in meeting the demands this task, the more variable their eye movements are 

expected to be. 
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Important implications for the basic understanding of eye movements in 

reading stem from the indication that reading of whole texts for comprehending 

result in variable eye movements. On the other hand, reading in tasks that that do 

not require comprehension result in less variable eye movements. Existing theories 

of reading (e.g., Goodman & Goodman, 1994; Paulson, 2002; Rayner, 2009) suggest 

that such variability may be explained by the various strategies readers use on an 

as-needed basis as available to them. Proficient reading for comprehension could 

then be described as characterized by variable, adaptive use of strategies. Thus, 

implications extend to educational as well as to clinical realms. If increased 

comprehension is found to be characterized by more variability in eye movements, 

and eye movements could be shown to be linked to teachable strategies, then 

introducing these strategies or increasing adaptive use of strategies may be 

beneficial at increasing reading proficiency.  

Of more immediate interest is the finding that while variability was found to 

differ between PR and RM conditions in the same-text design, it did so only for one 

of the two stimulus texts, namely text 2, but not text 1. This finding raises the 

question as to why this would be the case. One seemingly apparent answer is that 

the differences in variability we observed are not general, robust effects, but hold 

only under very specific conditions (i.e., while reading text 2). In this case, the DUT 

paradigm would not be a useful approach to investigating variability in eye 

movements. Conversely, however, it is possible that the characteristics of text 1 

were such as to preclude differences in variability between conditions. Notably, it is 

possible that text 1 was too difficult and uninteresting and that as a result, readers 
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did not attempt to comprehend it as they did with text 2. The Likert scale results 

point in this direction; however, the comprehension results are inconclusive. 

Thus, the main implications from our findings are methodological, rather 

than empirical: it is clear that more data needs to be gathered using the DUT 

paradigm in order to yield robust, generalizable results. Also, revisions of the 

paradigm may be in order. Most importantly, increasingly diverse stimuli should be 

employed, and larger participant pools recruited, in order to determine whether 

differences in variability are present outside of these very limited findings. By the 

same token, it is worth pointing out that between the two designs, the same-text 

design is more useful in establishing differences between proofreading and reading 

for meaning conditions. A possible explanation for this is that the different-text 

design introduced more variability due to differences in textual surface features that 

readers had to adapt to. By extension, it can be concluded that presentation of whole 

texts fit on various stimulus slides is a suitable procedure for the DUT paradigm.  

Limitations 

As touched upon in Chapter III, a limitation to this study was the population 

of participants. It was restricted to an extremely uniform population (i.e., females 

from the same undergraduate course). Gender differences in reading are disputed 

(e.g., Hedges & Nowell, 1995; Hyde, 2005; Stoet & Geary, 2015); to avoid potential 

gender confounds with a small number of participants, participation in the study 

was therefore limited to females. 

 Another limitation was the lack of diversity of the population. Not only was 

this study limited by gender, but age, socioeconomic status (SES), and education 
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were also factors relatively controlled for by pulling participants from the same 

undergraduate course. Controlling these features was necessary for a small-scale 

study including only ten participants; however, to get a better picture of how eye 

gaze behavior differs across tasks, it will be necessary to expand research to more 

diverse populations. 

The comprehension scores for both conditions were relatively low (i.e., 

highest score of 16 out of possible 50), indicating the complexity of finding the 

appropriate level of text difficulty, the assessment, or perhaps both. In other words, 

this limitation indicates either that the scoring scheme for the comprehension 

questions and the oral summary was excessively strict, or that the participants did, 

indeed, have difficulty comprehending the text, or both.  

These limitations are possibly tied to the process by which the 

comprehension and summary score sheets were designed. The score sheets were 

created by the author and the thesis chair, both of whom have a limited background 

in regards to developing all-inclusive comprehension questions for college-level 

texts. If this design is to be used in the future, it is recommended that an expert in 

comprehension assessment should be consulted. 

 A final limitation was participants’ interest or background in art. During the 

study, participants were asked if they had any special education or particular 

interest in art or art history. Out of ten participants, two reported having an interest 

or some kind of background in art. Participant 05 told us she considered majoring in 

art and that a family member is an art professor. She also told us that because of this 

fact, she consciously tried to focus only on spelling during the PR condition. 
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Participant 10 reported that she loved art. Specifically, she enjoyed musicals, 

museums, and participated in theater; however, she typically does not read or watch 

information regarding art.  

Future Research 

 The current study provides evidence that when reading whole texts in order 

to comprehend, eye movements are characterized by more variability than when 

reading is done without comprehension (e.g., to proofread). However, this was only 

shown to be accurate with female participants from the same undergraduate 

program in regards to fixation durations and number of fixations in one of the two 

texts assessed in a same-text design when compared to proofreading. The first thing 

to be addressed in future research is whether these findings hold true when using 

other texts. Future studies in this line of research should address more diverse 

populations, including both genders, various age ranges, and different levels of 

education. Future studies should also include larger numbers of participants. In 

addition, the development of variability of eye movements in young readers should 

be explored, starting with the earliest age for which the DUT paradigm would be 

suitable (i.e., late elementary grades) and tracking development through high school 

and college years. Among other things, it should be assessed whether increased 

variability is indeed indicative of more proficient reading, such as in the DUT 

paradigm, whether variability of eye movements and comprehension scores are 

correlated.  

Finally, research should be extended to clinical populations, such as 

participants with reading disorders, language impairments, or cognitive 
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impairments. As mentioned in Chapter II, the etiology of reading problems is subject 

to controversy. Gaining insight into variability of eye movements, or lack thereof, in 

clinical populations might lead to valuable suggestions about the etiology of their 

problems. Additionally, potential ideas about remedial measures, conceivably types 

of strategies to be taught, or use of strategies in a flexible and adaptive manner that 

would result in the variable reading behaviors seen in this study.  

Another area of future inquiry would be to develop a more suitable measure 

of comprehension. An expert in this area should be consulted to gain more insight 

into the best way to assess the comprehension, or lack thereof, exhibited by 

participants in the DUT task.  

Additional measures of eye movements should also be included in future 

studies. A few suggestions include percent of regressions, fixations per 100 words, 

fixation durations and number of fixations on selected words, and duration of first 

pass fixations on selected words. Selected words could include, for example, the 

kinds of words affected by frequency effects (i.e., very difficult words, or very short 

function words). As with the current approach, this line of research should also 

extend to consider different developmental stages of reading as well as different 

clinical populations. 

Conclusion 

Many properties of the reading process are still poorly understood and one 

aspect that warrants further investigation is gaze behaviors during reading of whole 

texts. This study investigated differences in patterns of eye movements in reading 

for meaning as compared to proofreading for spelling errors. The results produced 
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from this study indicate that eye movements are more variable when readers read 

for meaning than when they proofread a text without attempting to comprehend it. 

It also suggests that the novel paradigm introduced here, the DUT (difficult, 

uninteresting text) task has the potential of revealing gaze behaviors that go 

unnoticed in classical studies that rely on small-scale stimuli such as single 

sentences. Future studies should focus on investigating gaze behaviors using 

various measures and broader participant populations, and should address gaze 

variability in developing readers as well as clinical populations. 
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APPENDIX A 

PROTOCOL 

Session 1: Proofreading 

Odd participant number: Rembrandt; even participant number: Hollander 

Participant naming conventions: P01, P02, P03 etc. 

Recording naming conventions: P01PR_1, P01PR_2 etc. 

“Let’s put our phones on silent.” Have participant sit in chair in front of monitor. 

“This is the infrared eye tracker. It tracks your eye movements as you read, and this 

is how we gather our data. So first we need to calibrate it to make sure it is 

capturing your gaze accurately. Please sit comfortably, but as straight and still as 

possible. In a second, there will be a red ball with a black dot at the center moving 

across the screen. Simply look at the black dot as it is moving.”  

[Calibrate] 

Very good. You are going to proofread a text of about 600 words. It is a difficult text 

and probably not very interesting to you. So don’t worry about understanding it, 

simply focus on spelling. There will be spelling errors, and we ask you to find those. 

Now when you find an error, don’t tell us, simply read on. You don’t need to 

remember any of them. The text will be shown one or two sentences at a time. You 

can advance to the next screen by hitting the space bar. Go at your own pace, take as 

much time as you need. The one thing you cannot do is go back to the previous 

screen. Are you ready? [If participant asks: reading is to be done silently.] Very good. 

[after reading]: 

Very good. We are done recording your eyes. So, did you find any typos? [let them 

answer] Well, actually there weren’t any. We just needed you to look for them. We’ll 

tell you why in a little while. 

[Switch on recording devices] 

Now I am going to ask you a few comprehension questions. I know, we didn’t tell 

you about this before but we need to do this to answer our research questions. 

[ask questions] 
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Very good. Now please summarize the article in your own words. I know, we didn’t 

tell you about this before either, but we need to do this as well to answer our 

research questions. We will not interrupt you or ask any questions. Simply 

summarize to the best of your ability and let us know when you’re done.  

[give hearer signals while they’re summarizing] 

Very good. Now please fill out this brief questionnaire. 

[after filling out]: Very good, thanks. One last question: do you have any 

background or special interest in art? [Upon clarification request]: Did you take any 

classes on art in high school or college, do you read about art or watch 

documentaries about art?  

[debrief]:  

As you noticed, we didn’t tell you beforehand that we were going to ask you 

comprehension questions. I apologize for the deception. Let me explain why it was 

necessary for our research. Next week, you will be reading another article, but for 

the purpose of understanding it. We want to see if your eyes move differently when 

proofreading compared to reading for meaning. So we need to show some proof that 

you were, in fact, not reading for meaning! That’s why we asked comprehensions 

questions. We understand that it was a surprise and perhaps difficult, which shows 

that you were very focused on looking for typos! Thank you for understanding. Do 

you have any questions? 

[after answering questions]: Thanks again. One last thing: we ask that you don’t 

tell anybody about what we’re doing here. If you tell them what happens during this 

session, we can’t surprise them with the questions and our experiment no longer 

works. Does that make sense? 

[thank and dismiss; switch off recording devices] 



Texas Tech University Health Sciences Center, Amber Asikis, May 2017  
 

 68 

Session 2: Reading for meaning 

Odd participant number: Hollander; even participant number: Rembrandt 

Participant naming conventions: P01, P02, P03 etc. 

Recording naming conventions: P01RM_1, P01RM_2 etc. 

“Let’s put our phones on silent.” Have participant sit in chair in front of monitor. 

“Just as before, first we need to calibrate the eye tracker to make sure it is capturing 

your gaze accurately. Please sit comfortably, but as straight and still as possible. In a 

second, there will be a red ball with a black dot at the center moving across the 

screen. Simply look at the black dot as it is moving.”  

[Calibrate] 

Very good. You are going to read another article about art. It is probably going to be 

a little difficult to understand but we need you to really wrap your mind around it. 

Just like before, we will ask you to answer a few comprehension questions after you 

read, and to summarize it. So do take as much time as you need to really understand 

the article. It will be shown one or two sentences at a time. You can advance to the 

next screen by hitting the space bar. The one thing you cannot do is go back to the 

previous screen. Again, take as much time as you need on each screen. Are you 

ready? [If participant asks: reading is to be done silently.] Very good. 

[after reading]: 

Very good. We are done recording your eyes.  

[Switch on recording devices] 

Now I am going to ask you a few comprehension questions. 

[ask questions] 

Very good. Now please summarize the article in your own words. We will not 

interrupt you or ask any questions. Simply summarize to the best of your ability and 

let us know when you’re done.  

[give hearer signals while they’re summarizing] 

Very good. Now please fill out this brief questionnaire. 

[after filling out: pay or sign NSSLHA points form; thank and dismiss; switch off 

recording devices] 
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APPENDIX B 

COMPREHENSION ASSESSMENTS 

Comprehension Questions, Rembrandt (text 1) 

What did Rembrandt’s contemporary, Rene Descartes, say about the soul?  

[the soul is not in the body the way a pilot is in a vessel] 

- 2 points         /2 

 

How did Rembrandt paint his self-portraits? 

[with a mirror] 

- 2 points         /2 

 
How did the author compare the eyes of Rembrandt’s portraits of others to his self-
portraits? 

[a) lifeless, unseeing, zombielike, dead b) he is looking back at us; active, inquiring; 
c) less intimate] 

- Any of a), b) c): 2 points each (6 total)     /6 

 

What did the museum exhibit feature? 

[paintings from the last 18 years of Rembrandt’s life] 

- 2 points (1 point if “last 18 years/end/later life” omitted)  /2 

 
What does the author say about what we see when we look in the mirror? 

[you don’t realize you are looking into the very eyes that are doing the seeing; 
appear objects, sightless, foreign, blank] 

- 2 points each (4 total)       /4 

 

Total score:          /16 
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Summary score, Rembrandt (text 1) 

Major concepts 

- Difference between Rembrandt’s portraits and self-portraits  /3 

- Self-portraits: vivid eyes but less intimate appearance   /3 

- Portraits: dead/lifeless eyes but vivid and lifelike appearance  /3 

- Self-portraits, portraits: invite to a different relation   /3 

Specific information  

- Rembrandt’s paintings in last 18yrs were adventurous/experimental  /1 

- Exhibition happened at the Rijksmuseum in Amsterdam   /1 

- Rembrandt has quizzical and interested eyes (in his self-portraits) /1 

- His portraits have lifeless/unseeing eyes/oily depths…   /1 

- …but appear lifelike and vivid/intimate awareness   /1 

- Eyes are the windows of the soul…      /1 

- …but this image isn’t true for Rembrandt     /1 

- Descartes: soul not like a pilot in a vessel, tighter connection  /1 

- Lively spirit/lifeless eyes = our mirror selves    /1 

- You can’t experience fact that eyes that you see are doing the seeing…  /1 

- …your eyes = mere objects, sightless, foreign, blank   /1 

- Rembrandt’s personalities = how we would see us in the mirror… /1 

- …intimately, immediately and with understanding   /1 

- Self-portraits: different       /1 

- No lifeless, unseeing eyes       /1 

- Subject NOT as if in mirror…      /1 

- …even though made using mirrors      /1 

- We don’t look at Rembrandt, he’s looking at us…    /1 

- …active, inquiring, alive…       /1 

- …but less open, transparent, intimate     /1 

- Difference NOT difference in what we see…    /1 

- …but difference in the relation they invite us to    /1 

Score           /34 
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Comprehension Questions, Hollander (text 2) 

Why does the author think Plato is mistaken? 

[A reflection is not a picture] 

- 2 points         /2 

 

According to Hollander, what is the relationship between mirror image and picture? 

[a) the picture is the standard by which the mirror image is assessed b) a mirror 
image is a kind of provisional self-portrait OR: the mirror gazer is creating a studio 
portrait of himself] 

- 2 points each (4 total)       /4 

 
According to the author, what is Hollander’s main point? 

[Our preoccupation with dressing is really a preoccupation with art] 

- 2 points         /2 

 

According to the author, how does art shape our experience? 

[from the ground up / by getting dressed] 

- 2 points each (4 total)       /4 

 
What does Western art do? 

[represent the visible world with conviction] 

- 2 points         /2 

 

According to the author, why do we feel that a beautiful landscape is almost like a 
painting? 

[because pictures set the standards for everything we see] 

- 2 points         /2 

 

 

Total score:          /16 
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Summary score, Hollander (text 2) 

Major concepts 

- Reflections/mirror images are not pictures    /3 

- Pictures set the standards for mirror images    /3 

- Our interest in clothing is really an interest in art     /3 

Specific information  

- Plato said pictures are like mirror images/reflections   /2 

- Plato was wrong; pictures are made for a purpose, reflections happen /2 

- I see a car in rearview mirror not the same way I see my grandfather /1 

- We use mirror images/reflections as if they were pictures  /1 

- We think of what we see in terms of pictures    /2 

- Picture = standard by which the direct view is assessed…  /2 

- …including the view of self in the mirror     /1 

- Looking into the mirror = self-portrait     /1 

- How we view clothing reflects visual art standards   /1 

- We measure people’s dress by picture standards    /1 

- We measure how we feel about our bodies by picture standards /1 

- Our interest in clothing defines us as a species     /1 

- Art isn’t a imposition from on high…     /1 

- …it shapes our experience from the ground up, starting with dressing /2 

- Same idea may extend to all of the visible world    /1 

- Western art represents the visible world with conviction  /1 

- Things look right only when they look like we’d expect in a picture /1 

- Maybe that’s why we feel a beautiful landscape = painted   /1 

- Maybe that’s why we take photos of everything…    /1 

- …as if our taking a picture turns the object valuable   /1 

 

Score           /34 
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APPENDIX C 

LIKERT SCALES 

 

Participant & task: _________________________________________________________________________ 

 

How interesting did you find this text? 

 

□  Very interesting 

□  Somewhat interesting 

□  Neither interesting nor uninteresting 

□  Somewhat uninteresting  

□  Very uninteresting 

 

 

 

How difficult did you find this text? 

□  Very difficult  

□  Somewhat difficult  

□  Neither difficult nor easy  

□  Somewhat easy  

□  Very easy 
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APPENDIX D 

STIMULI 

Text 1: Peering Into Rembrandt’s Eyes (Noë, 2015). 
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Text 2: The World Looked Better Through Anne Hollander’s Eyes (Noë, 2014). 
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