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ABSTRACT

The relationship between speed and comprehension remains a pivotal and highly
debated topic in the field of reading research within cognitive science. While commercial
programs claim to enhance reading rates without comprehension loss, there is limited empirical
evidence to support such claims. The present dissertation examines whether a strict speed-
accuracy trade-off (SAT) applies to reading, or, alternatively, readers can adapt to accelerated
reading without compromising understanding. In three experiments employing a novel line-by-
line technique, reading speed was systematically manipulated. Experiment 1 demonstrated that
native English readers are able to maintain high comprehension levels up to 360 words per
minute (wpm). Declining performance was only observed at 405 wpm, with detailed analyses
suggesting adaptations mainly in late processing stages. In contrast, Experiment 2 revealed that
second-language (L2) English readers experienced significant comprehension losses even at
moderate speed increases, despite similar oculomotor adjustments. The third experiment
utilized individualized speed increments with German native readers, with a focus on lexical
processing and comprehension monitoring as reflected in semantic plausibility violations.
Findings demonstrated that while maintaining lexical access at higher speeds, there was a
decrease in the reprocessing of implausible words. At the same time, no significant decline in
general comprehension scores occurred. Collectively, these findings challenge the notion of a
universal SAT in reading, at least for skilled native speakers. Results underscore the capacity
for strategic adaptation and resource reallocation to sustain comprehension under time pressure.
In contrast, L2 readers encounter more significant limitations, indicating that reading speed
thresholds are strongly influenced by language proficiency and automated cognitive resources.
This work contributes to a nuanced understanding of reading adaptability, offering insights for

both theoretical models and practical applications in reading instruction and technology.
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Introduction

1 Introduction

Reading is an essential cognitive skill that individuals rely on daily in both personal and
professional contexts. Its primary purpose is to acquire and retain information, regardless of
whether the material is read for entertainment or education. Given its central role in human life,
reading has been a focal point of extensive psychological, linguistic, and educational research.
A substantial body of literature aims to uncover factors that enhance reading comprehension
and to explore strategies that support individuals — both children and adults — in developing
strong reading abilities.

While the ultimate purpose of reading is comprehension, the enhancement of reading
speed’ is a secondary yet pertinent objective. The motivation to process written information
with greater efficiency has catalyzed the emergence of commercial speed-reading programs,
which frequently promise substantial enhancements in reading speed without compromising
comprehension. However, these claims necessitate rigorous scientific scrutiny. The central
research question guiding this dissertation is whether reading speed and comprehension can
vary somewhat independently at high levels, or whether their relationship is constrained by a
speed-accuracy trade-off (SAT), as observed in numerous cognitive and motor tasks.

This dissertation delves into the notion of reading speed as an isolated factor, exploring
the intricate relationship between speed and comprehension within the broader context of
reading research. The central premise of this work challenges a prevailing assumption within
the research community, namely the notion that a SAT inherently governs the reading process.
While numerous studies have implicitly or explicitly manipulated both reading speed and
comprehension simultaneously (e.g., via task instructions or comprehension demands), this
work employs a novel methodology to isolate and systematically manipulate reading speed.
This method maintains the naturalistic validity of the reading process while enabling precise
examination of how varying speeds influence comprehension and moment-to-moment
processing.

This approach provides a more precise theoretical understanding of the cognitive and
perceptual mechanisms that underpin reading, including the function of specific eye
movements, such as regressions, in facilitating comprehension. By isolating the factor of speed,
this research examines how readers allocate their cognitive resources during the reading process

and how speed influences both lexical and higher-order processing.

! For clarity and consistent interpretation, terms highlighted in italic upon their first appearance in the text are defined
in the comprehensive glossary provided at the end of this dissertation (page 156).
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From a practical standpoint, this research seeks to address a salient question: could
enhancing reading speed not only preserve but potentially enhance certain aspects of the reading
process? Should this be the case, then these findings could have significant implications for the
design of reading interventions and training programs, particularly in educational and
professional settings. The role of reading speed in supporting or hindering comprehension
remains a subject of both public interest and scientific discourse.

The dissertation starts with a thorough review of extant research on reading, with a
particular emphasis on the role of oculomotor control and cognitive processing during this
activity. This is followed by an exploration of the speed-accuracy trade-off in cognitive and
motor tasks, which establishes the foundation for an investigation into whether such a trade-off
exists during reading as well. The central research questions are addressed in three experiments,
each designed to provide insights into how different reading speeds affect the moment-to-
moment reading process and comprehension outcomes. Together, these studies aim to bridge
theoretical understanding with practical applications, offering a nuanced perspective on the

complex dynamics of reading speed and accuracy.

1.1 Reading research in the context of cognitive science

The field of reading research, which investigates the processes involved in reading and
the subprocesses that underpin it, is inherently interdisciplinary in nature. It draws primarily on
the disciplines of linguistics and cognitive psychology. The linguistic contribution is mostly
descriptive and normative, offering insights into syntax, semantics, and orthography (Rickheit
et al., 2003). In contrast, psychology provides the empirical tools necessary to test theories,
offering experimental methods and models that are essential for this aim. As stated by Radach
etal. (2012), psychological research into reading can be classified into two principal categories:
psychometric and experimental approaches.

The main objective of psychometric reading research is to develop assessments that
reflect the various components of reading. This enables researchers to uncover relationships
and make predictions, such as assessing reading ability or forecasting reading development
(Moll et al., 2012). However, psychometric approaches reveal their limitations when addressing
detailed questions about the cognitive processes underlying reading. The causal inferences
drawn from observed relationships between test performance and reading competence are often
constrained by the inability to precisely identify the latent variables being measured (Radach et

al., 2012).
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This is where the value of experimental reading research becomes apparent. By
employing controlled and systematically varied conditions, it is possible to isolate specific
subprocesses of reading and gain precise insights into information processing at a detailed level.
Two distinct traditions have emerged within the field of experimental reading research. The
older of these traditions focuses on word recognition, whereby target words are presented
visually for brief periods and the times taken to recognize or react to them are measured. An
overview of the insights gained through this methodology regarding fundamental mechanisms
of word processing has been provided by Grainger (2018) as well as Radach and Hofmann
(2016).

The second branch examines the reading of continuous sentences and texts, addressing
the dynamic nature of the reading process. For a historical overview of this approach, see Wade
et al. (2003). In addition to examining the properties of individual words, this approach
investigates the context of sentences and texts, including semantic and syntactic features, and
their impact on reading. The integration of these information sources renders the reading task
significantly more complex and leads to mental processes affecting the working memory
becoming more relevant (Perfetti, 1985; Perfetti & Roth, 1980).

The most commonly employed experimental methods include the measurement of
response times and the observation of eye movements. Eye-tracking, in particular, occupies a
unique position due to its ability to capture reading processes in real time under ecologically
valid conditions. Eye movements play an interesting dual role — they are part of the reading
process itself, and at the same time a tool for its analysis. In eye-tracking studies, controlled
sentence materials are typically presented, with experimental conditions manipulating specific
variables of interest, such as word frequency. The resulting changes in oculomotor parameters
are analyzed to determine the direction and sequence of eye movements, which reflect the focus
of processing, while fixation durations provide a measure of the associated cognitive effort

(Radach & Kennedy, 2004).

1.1.1 Information processing and eye movements in reading

Eye movements that occur during reading are generally considered to result from two
distinct classes of decisions: those related to spatial aspects (where to move the eyes) and those
related to temporal aspects (when to move the eyes). While these two processes are largely
independent (Reichle et al., 2003), they are inherently linked and can overlap (Rayner et al.,
2000). While the spatial aspect concerns word selection and saccade landing position within

words, the temporal aspect relates to fixation duration (and other viewing duration measures,
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see later in this chapter), reflecting both low-level and higher-level processing demands
(Rayner, 1998; Rayner et al., 2012; Vitu et al., 2001a).

The "where" decision, determining where the eyes move next, is primarily word-based,
aiming to direct the gaze to a specific word (Albrengues et al., 2019; McConkie & Zola, 1984).
This involves selecting the target word and the landing position within it (McConkie et al.,
1994). Both low-level oculomotor constraints (e.g., word length) and cognitive processes (e.g.,
word frequency) influence this selection (Starr & Rayner, 2001; White & Liversedge, 2006),
with low-level factors potentially explaining more variance (Brysbaert & Vitu, 1998).

The temporal aspect of eye movements during reading, or the "when" decision, pertains
to the duration of fixations. Over the past four decades, a substantial body of research has been
conducted to examine the influence of both linguistic and non-linguistic factors on fixation
durations. However, not every word receives exactly one fixation during reading. Some words,
particularly short or highly predictable ones, are often skipped altogether, while others may
require multiple fixations before the reader moves on (Drieghe et al., 2004). This variability
underscores the need for a more nuanced approach to measuring processing time on individual
words. To capture this complexity, different eye movement variables are used to provide
detailed insights into moment-to-moment word processing (see Radach & Kennedy, 2004 for
an overview).

The duration of the first fixation on a word is generally associated with early word
recognition processes and reflects the initial phase of orthographic and lexical information
extraction. The sum of all fixations on a word before the reader’s gaze moves to another word
is referred to as gaze duration. It captures the total time spent processing a word during first-
pass reading. These two measures are frequently referred to as first-pass reading measures, in
contrast to late reading measures, which include subsequent fixations after the initial gaze. Both

first fixation duration and gaze duration are particularly sensitive to low-level lexical features
of words.

Conversely, total viewing time is defined as the summed duration of all fixations on a
word, encompassing initial fixations and subsequent regressions or refixations. This measure
is profoundly influenced by regressions and widely understood as reflecting the total linguistic
processing effort for a given word. It is particularly sensitive to integrative processes, such as
resolving ambiguities or linking words to prior context. Increased total viewing time often
indicates comprehension difficulties or the need for rereading, as challenging or unexpected

words require additional cognitive resources for effective integration into the text's overall
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meaning, leading to an augmented probability of regressions (Just & Carpenter, 1987; Reichle
et al., 2009).

However, as previously mentioned not all words are fixated during reading. The
probability of fixation is influenced by visual factors, such as word length, with shorter words
being less likely to be fixated, and by linguistic factors, such as predictability and frequency
(Brysbaert & Vitu, 1998; Drieghe et al., 2004; Radach & Kempe, 1993).

The temporal characteristics of reading are influenced by both low-level and high-level
factors. Low-level, non-linguistic factors, such as word length, fixation position within the
word, and launch site distance, play a role in determining fixation durations (Vitu et al., 2001).
However, higher-level factors, including lexical, syntactic, and semantic elements, exert a more
substantial influence, as they directly reflect the cognitive demands associated with word
recognition and sentence processing (Rayner, 1998). Two well-established findings are that
readers spend more time fixating on longer words compared to shorter ones (e.g., Kliegl et al.,
2004; Rayner et al., 1996; Rayner & McConkie, 1976) and on low-frequency words compared
to high-frequency ones (e.g., Inhoff & Rayner, 1986; Schilling et al., 1998; Vitu, 1991).

Word frequency, defined as how often a word occurs in a language, plays a crucial role
in reading behavior, influencing how quickly and accurately words are processed. Higher-
frequency words are generally recognized and understood more efficiently than lower-
frequency words, a phenomenon observed across various reading tasks such as /exical decision,
naming, and sentence reading (Forster & Chambers, 1973; Kuperman et al., 2013; Schilling et
al., 1998). Word frequency effects are most evident during the initial processing of a word,
encompassing both the first fixation on the word and any subsequent fixations before the next
word is fixated. Consequently, these effects are predominantly reflected in first fixation
duration and, particularly, in gaze duration. However, subsequent stages of processing can also
be influenced, suggesting that word frequency continues to influence reading behavior beyond
the initial encounter.

Besides these effects, additional factors influence the ease of word processing. Variables
such as the predictability of a word based on the preceding context (Balota et al., 1985; Binder
etal., 1999; Rayner & Well, 1996; Zola, 1984) or the age at which a word was acquired (Juhasz
& Rayner, 2003) have been shown to significantly impact both the duration and frequency of
fixations. While predictability affects early processing measures such as first fixation and gaze
duration (Staub, 2015), its influence is most pronounced during later stages of processing, as

evidenced by increased refixation probabilities and longer total reading times. These findings
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highlight the intricate interplay between lexical and contextual factors in determining fixation
durations during reading.

Models of eye movements in reading aim to provide a comprehensive framework for
understanding how linguistic and visuomotor processes interact to produce observable
oculomotor behavior. These models integrate the spatial and temporal dimensions of eye
movements, addressing where and when readers fixate during text processing. A central goal
of these models is to explain how various cognitive and visual factors influence eye movements
and how these movements, in turn, reflect underlying reading processes.

A number of computational models have been developed to explain eye movement
control during reading, with each model emphasizing different aspects of the interaction
between linguistic and oculomotor processing. For instance, the E-Z Reader model (Pollatsek
et al., 2003; Reichle et al., 2009; Reichle et al., 1998) focuses on the role of lexical access in
triggering saccades, positing that word recognition occurs in two stages and that the completion
of the first stage initiates the programming of the next saccade. Conversely, the SWIFT
(Engbert et al., 2005) and the Glenmore model (Reilly & Radach, 2006) employ a more parallel
approach, proposing that multiple words are processed concurrently within the reader's
perceptual span (useful field of view). Additionally, the Uber-Reader model (Veldre et al.,
2020) extends this framework to simulate reading behavior beyond the word level,
incorporating modules for syntactic parsing and semantic integration.

Despite their differences, these models converge on the idea that reading behavior
results from the interaction of linguistic, cognitive, and visuomotor processes. The influence of
lexical and contextual factors on fixation durations underlines the importance of word
recognition and comprehension processes in determining when to move the eyes. Importantly,
the success of these models has helped to advance the field by offering predictive frameworks
for experimental research. However, the focus on modeling low-level phenomena, such as word
skipping and fixation durations, has also drawn attention to the relative neglect of higher-level
comprehension processes. As Radach et al. (2007) point out, eye movement researchers tend to
prioritize perception and oculomotor control, while comprehension researchers are often more
concerned with issues of language processing and educational implications.

One aim of the present work is to take a step toward bridging this divide by examining
the adaptability of moment-to-moment processing to varying reading speeds, with a particular
focus on the temporal aspects of eye movements and their relationship to reading

comprehension.
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1.1.2 Reading comprehension

From a cognitive science perspective, the primary objective of reading is to establish a
cognitive representation of the text that is both meaningful and enduring. This process entails
the integration of information presented in the text with prior knowledge, thereby forming a
coherent and enriched understanding (Gernsbacher, 1997). Text comprehension can be defined
as the ability to understand a text, analyze its information, and accurately interpret the author's
intended message (Mckee, 2012a). Furthermore, it is seen as the product of the development
and coordination of multiple reading skills, including word recognition, reading fluency? and
syntactic processing (Rayner et al., 2006). To facilitate successful text comprehension, it is
imperative that these skills are present, yet it is equally crucial to consider other requirements,
such as the possession of a sufficiently extensive vocabulary for the text in question. Empirical
evidence suggests that, to achieve full comprehension without any assistance, readers should
be familiar with well over 90 percent of the words in a text (Hsueh-Chao & Nation, 2000).
Furthermore, the background knowledge available on the critical topic also plays a decisive
role in text comprehension as an outcome of the reading process (Elbro & Buch-Iversen, 2013;
Marmolejo-Ramos et al., 2009).

The construction-integration model (Kintsch, 1988; 1998) is a widely accepted
framework for understanding text comprehension. According to this model, the comprehension
process comprises two interrelated phases: the construction phase and the integration phase.
During the construction phase, the reader engages in the process of constructing an initial
representation of the text's content. The integration phase ensues, during which this
representation is connected to prior knowledge, enhancing coherence and depth.
Comprehension is theorized to develop across three hierarchical levels of understanding:

(1) Surface representation: This level of understanding can be defined as an explicit
representation of the exact wording of the text. It is akin to memorizing lyrics from a song
without deeper understanding or contextual enrichment. (2) The second level is propositional
representation: At this level, the reader processes the meaning of sentences, focusing on the
relationships between objects and their actions or attributes. (3) Situational model: The highest
level of text comprehension involves the creation of a rich mental model of the situation
described in the text. This model incorporates dimensions such as space, time, protagonists,

causalities, and goals (Zwaan et al., 1995). The construction of a situational model necessitates

2 Reading fluency is defined as a combination of accuracy, rate, and prosody in oral reading. It is frequently assessed
by having individuals read texts aloud, with errors, reading time, and prosody being monitored to evaluate performance
(Hudson et al., 2005).



Introduction

the ability of the reader to make inferences between statements and enrich the text with their
own knowledge. This process is instrumental in ensuring both local coherence, where
individual sentences are connected in a meaningful manner, and global coherence, where the
entire text coalesces to form a unified understanding (McNamara et al., 1996).

Building on this framework, the Constructionist Theory (Graesser et al., 1994)
emphasizes the role of readers’ goals and top-down processes in meaning construction. Readers
actively seek explanations for text events, guided by narrative structure, causal links, and their
reading purpose. The aforementioned objectives exert a significant influence on the depth and
elaboration of situational models.

In a somewhat related vein, the Good Enough processing approach (Ferreira et al., 2002)
suggests that comprehension is often shaped by efficiency rather than accuracy. Instead of
constructing detailed mental models, readers may form partial or superficial representations
that are sufficient for their immediate goals. This standpoint accentuates the adaptive and goal-
dependent character of comprehension, thereby facilitating comprehension of variability across
individuals and contexts, particularly in circumstances where absolute precision is not
imperative.

While this approach can explain differences in reading comprehension depending on
different goals, many models neglect to explain individual differences. However, the Structure-
Building Framework (Gernsbacher, 1990) explicitly accounts for such variation. According to
this model, the process of comprehension involves the construction of a cognitive framework
through the establishment of a foundational structure and the integration of relevant incoming
information. When new information does not align, readers may adapt by constructing a novel
substructure to accommodate the incoming data. A pivotal mechanism in this process is
suppression — the inhibition of irrelevant or conflicting information to maintain coherence —
which varies across individuals. Skilled readers are able to inhibit distracting input, resulting in
more coherent mental representations (Gernsbacher & Faust, 1991). This perspective highlights
how individual cognitive mechanisms shape the coherence of mental representations.

Building on these theoretical accounts, the propositional text base and the situational or
mental model are frequently employed as a foundation for evaluating comprehension (Johnson-
Laird, 1983; Kintsch, 1988; Rayner et al., 2006; Van Dijk & Kintsch, 1983). The propositional
text base signifies memory for text content and facilitates tasks such as identifying or
recollecting explicitly stated information. However, achieving a more profound comprehension

of a text necessitates transcending the confines of the propositional text base through the
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integration of text-related information with prior knowledge, frequently facilitated by
knowledge-based inferences.

On a more general level, two defining classes of factors can be identified that determine
text comprehension: external and internal factors. As described above, internal factors are the
cognitive and linguistic abilities of the reader. External factors have been identified as
characteristics of the text, time and place of reading, but also the type of comprehension
measurement (McNamara et al., 1996; Perfetti, 1985). There is a variety of ways to
conceptualize the measurement of text comprehension. However, it is important to note that
different formats are used to measure different aspects of comprehension (Koda, 2005). As
Kobayashi (2002) demonstrates, a wide range of test procedures, including cloze tasks, open-
ended questions and summary writing, can result in a significant variation in test scores among
participants.

A common approach in the field is to evaluate readers' ability to recall details from a
text (Allington & McGill-Franzen, 2014). This method frequently relies on factual questions,
such as multiple-choice formats, which can determine whether a reader can retrieve specific
information. However, multiple-choice questions pose certain challenges, as proficient readers
may overanalyze answers, or the provided options may only partially address the question,
leading to confusion. Additionally, it is imperative to take guess probability into account during
the evaluation process. Conversely, when meticulously formulated, these inquiries facilitate
high precision and objectivity (Chen, 2010; Epstein et al., 2002; Paxton, 2000). They are
regarded as a dependable method for assessing text comprehension.

A comparable strategy involves the utilization of short-answer questions, which have
been observed to engender varying degrees of comprehension and, in some cases, facilitate
more precise differentiation of student proficiency levels (Kobayashi, 2002; Zawoyski &
Ardoin, 2019). Nevertheless, the evaluation process for these responses is less straightforward,
and the subjective interpretations of the test's constructors can exert a more substantial
influence, thereby compromising the test's reliability.

An alternative measurement involves the composition of short essays or summaries of
the reading material. However, significant disadvantages arise due to confounding skills, such
as communication competencies (Mckee, 2012a). Another approach involves the use of cloze
tests, which require participants to fill in blanks within a text, focusing primarily on vocabulary
knowledge rather than comprehensive text understanding (Mckee, 2012b; Vacca et al., 2021),

making them less suitable for measuring deeper comprehension.
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The selection of the type of comprehension measurement must be made with great care,
as it has the capacity to exert influence both upon the measured text comprehension and the

reading process itself (Radach et al., 2008).

1.1.2.1 Reading comprehension and eye movements

The approaches described in the previous chapter, such as multiple-choice questions and
summarizing, can be described as ‘offline’ comprehension measurements because they assess
understanding after the reading process has been completed. In contrast, there are also
approaches that measure comprehension based on moment-to-moment processing, which can
be referred to as 'online' comprehension. This section will focus on how eye movements reflect
the intricate interplay of information processing during reading and serve as an indicator of
online comprehension. Research has consistently shown that patterns of eye movements are
closely linked to the demands of comprehension. Fixation durations, gaze durations, and
regression patterns are sensitive to lexical, syntactic, and semantic features of the text (Rayner,
1998; Schilling et al., 1998). Beyond such individual measures, recent findings suggest that
readers with better comprehension tend to exhibit more structured and similar scanpaths —
global patterns of eye movements that reflect streamlined reading with fewer regressions and
more consistent left-to-right progression (Méziere et al., 2024).

It appears that higher-order cognitive processes influence ocular movements primarily
in circumstances where an individual experiences difficulty in comprehending or processing
the presented information. For example, readers tend to spend more time on ambiguous phrases
or syntactically complex sentences (Frazier & Rayner, 1982; Rayner et al., 2004). These
prolonged fixations often reflect increased cognitive effort required for word recognition (see
chapter 1.1.1), syntactic parsing, or integration of information into the ongoing mental model
of the text.

Regressions — backward eye movements to previously read texts — are particularly
associated with comprehension difficulties or the need to re-evaluate earlier information. This
behavior is essential for resolving ambiguities, correcting misinterpretations, and achieving
coherence at both local and global levels (Inhoff et al., 2019; Rayner et al., 2006). Moreover,
the probability of regressions tends to increase with text complexity, further highlighting the
dynamic interplay between eye movements and cognitive processes during reading (Oliveira et
al., 2013; Rayner et al., 2006).

While regressions often signal efforts to resolve comprehension difficulties, eye

movements do not always reflect meaningful engagement with the text. Mindless reading, or
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mind wandering while reading, occurs when the eyes move over the text without cognitive
processing or comprehension. Eye-tracking studies show that fixations during mindless reading
are longer and less influenced by word features such as frequency or predictability, suggesting
reduced cognitive engagement (Reichle et al., 2010). Other indicators include erratic eye
movements, shorter gaze durations, increased word skipping, and attenuated word frequency
effects (Luke & Henderson, 2013; Nguyen et al., 2014). While certain eye movement patterns
have been associated with error detection failures (Schad et al., 2012), there remains some
debate about the reliability of specific eye movement measures for detecting this state
(Steindorf & Rummel, 2020). Nonetheless, mindless reading underscores the value of eye-
tracking in distinguishing genuine comprehension from superficial reading behaviors.

This disengaged state contrasts sharply with conditions where readers actively work to
resolve syntactic or semantic challenges, such as those presented by syntactically ambiguous
sentences. Such sentences demand considerable cognitive effort, as readers must integrate
conflicting cues to arrive at an accurate interpretation. A frequently employed technique to
examine the impact of syntactically ambiguous sentences is the utilization of garden-path
sentences. These grammatically correct sentences initially lead readers to an incorrect
interpretation due to their ambiguous structure, requiring reanalysis to uncover their true
meaning (e.g., the sentence “Since Jay always jogs a mile seems like a very short distance to
him.”). This approach enables researchers to identify and analyze the underlying causes of
processing difficulties or errors. Research has demonstrated that garden-path sentences
frequently prompt increased regressions to critical parts of the sentence, reflecting the reader's
attempt to resolve the ambiguity (Frazier & Rayner, 1982; Pickering & Frisson, 2001).

A somewhat similar approach is based on the concept of comprehension monitoring,
which refers to the active and ongoing evaluation of how well newly encountered information
aligns with prior understanding (Smith et al., 2021). This process entails readers deliberately
assessing the coherence of the text and the congruence between their interpretation and the
provided information (Vorstius et al, 2013). An established method of assessing
comprehension monitoring involves the identification of errors by readers, such as nonsensical
words or violations of prior knowledge (Baker, 1989; Garner & Reis, 1981; Markman & Gorin,
1981). This approach relies on explicit error detection tasks that highlight a reader's ability to

identify and respond to textual inconsistencies?.

3 It is important to acknowledge that alternative definitions are prevalent, particularly within the domain of
educational research. These definitions emphasize the monitoring of comprehension through the act of listening to internal or
vocalized voices during the reading process (Elliott-Faust & Pressley, 1986). While scientific definitions in educational
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Eye movement analysis provides a more fine-grained method for studying
comprehension monitoring by capturing moment-to-moment processing. For instance, readers
tend to fixate longer on implausible or unpredictable words within a given context, indicating
increased cognitive effort to integrate these anomalies into their understanding. Existing
research has shown that skilled and less skilled readers differ in their ability to monitor
comprehension. Van der Schoot et al. (2010) demonstrated that while readers generally fixate
longer on textual inconsistencies, proficient readers are more likely to detect global
inconsistencies and incorporate them into a coherent situational model (see Chapter 1.1.2). Less
skilled readers, by contrast, only exhibited this behavior when the target sentences were short,
failing to identify broader inconsistencies. Similarly, Vorstius et al. (2013) manipulated
sentence consistency by altering the polarity of causal conjunctions, transforming causal
relationships into adversative ones (e.g., “Daniel was shivering because/although he was hot.”).
Their results revealed a positive correlation between rereading critical parts of inconsistent
sentences and correctly answering comprehension questions, underscoring the role of rereading
in successful comprehension monitoring. Importantly, rereading also appears to support
comprehension in less proficient readers. Tighe et al. (2023) found that among adult struggling
readers, increased rereading of critical regions was associated with higher comprehension

accuracy.

1.1.3 Reading and comprehension in a second language

Building on the foundations of reading research in native-language contexts, examining
second-language (L2) reading offers a critical perspective on how linguistic processing and
visuomotor control adapt under conditions of reduced proficiency. Reading in a second
language is a fundamental skill that is crucial for a significant proportion of the global
population in everyday life (Arkoudis et al., 2009; Pecorari & Malmstrom, 2018). A thorough
understanding of these adaptations not only enhances our knowledge of the reading process but
also addresses the challenges faced by L2 readers, thus making it an indispensable area of study
within reading research.

Word processing and comprehension in a second language have been shown to exhibit
striking similarities as well as notable differences in comparison to native language (L/)

reading. While the fundamental cognitive and linguistic mechanisms remain consistent, L2

research assume an intentional process, an alternative assumption posits that it can be seen as a skill, thereby suggesting that it
is an unconscious process that becomes a natural part of skilled comprehension (c.f. Vorstius et al., 2013).
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readers face unique challenges stemming from lower linguistic proficiency and less automatic
processing. These differences extend to cognitive strategies, linguistic processing efficiency,
and eye movement patterns during reading, providing insights into how L2 readers adapt to the
demands of comprehension (Godfroid, 2019).

As one core process, L2 readers require more time for word decoding, resulting in
slower reading rates and longer fixation durations compared to their L1 counterparts (Beglar
& Hunt, 2014; Brysbaert, 2019). The increased cognitive effort is also due to higher load on
verbal working memory and lexical access, leaving fewer resources available for higher-order
comprehension processes (Morishima, 2013). In accordance with the shallow structure
hypothesis (Clahsen & Felse, 2006; 2018), it can be posited that these challenges result in L2
readers engaging in less profound syntactic structure processing compared to L1 readers.
Instead, L2 readers are hypothesized to rely on surface-level cues.

Oculomotor research has corroborated these findings, demonstrating that L2 readers are
less inclined to skip high-frequency or predictable words and exhibit prolonged fixations on
low-frequency words (Berzak & Levy, 2023; Godfroid, 2019). This pattern suggests a reduced
capacity for predictive processing, further underscoring the cognitive demands placed on L2
readers (Nahatame, 2023). While second-language readers typically demonstrate reduced
reading speeds, recent studies suggest that they can attain comprehension levels comparable to
native speakers under ideal conditions (Kuperman et al., 2023).

The role of individual differences in L2 can hardly be overestimated, as they present a
highly heterogeneous population (Bernhardt, 2005; Jeon & Yamashita, 2014). Research has
identified factors such as vocabulary size, decoding skills, and grammatical knowledge as
predictors of L2 comprehension, accounting for approximately half of the observed variance in
performance (Bernhardt, 2005; Jeon & Yamashita, 2014; Kuperman, 2024). The residual
variance indicates the significance of domain-general cognitive factors, such as working
memory capacity and reading habits, in L2 reading comprehension (Jeon & Yamashita, 2014).

The degree of fluency in L2 reading, as indicated by shorter fixation durations, increased
word skipping, and fewer regressions, exhibits considerable variability among individuals (Cop
etal., 2015; Godfroid, 2019). While proficiency in L2 vocabulary and morphological awareness
exerts a significant influence on fluency patterns, the data also underscore the predictive power
of L1 reading fluency. Proficient L2 readers exhibit more efficient eye movement patterns,
resembling those of native speakers, while less proficient readers demonstrate prolonged

processing times, similar to developing L1 readers (Parshina et al., 2021).
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Including L2 participants in reading experiments provides a valuable opportunity to
better identify capacity limits and to uncover potential differences in written language
processing as a function of language proficiency. This approach not only deepens our
understanding of the cognitive and linguistic mechanisms underlying reading, but also
highlights how different levels of proficiency shape the strategies and adaptations that readers
employ.

1.2 Speed-accuracy trade-off

The speed-accuracy trade-off (SAT) describes the systematic relationship between the
speed at which a task is performed and the accuracy (i.e., specified as absence of errors) that
can be achieved. Faster responses often lead to reduced accuracy, whereas slower, more
deliberate responses increase accuracy (Forstmann et al., 2008; Standage et al., 2014;
Wickelgren, 1977). This principle has been demonstrated in a wide range of tasks, including
perceptual decision making, memory recognition, and motor execution, making it one of the
most pervasive phenomena in human performance. Because of its broad applicability, SAT is
often considered a psychophysical law that highlights how strategies adapt to task demands
(Bogacz et al., 2010; Chittka et al., 2009).

Research into the neurobiological mechanisms of the SAT has yielded significant
insights. The decision-making process is subject to regulation by neural activity in regions such
as the dorsolateral prefrontal cortex, basal ganglia, and premotor cortex (see Bogacz et al., 2010;
Van Veen et al., 2008). In scenarios that prioritize speed, these regions demonstrate elevated
activity, thereby reducing decision thresholds and accelerating responses. Conversely, when
accuracy is emphasized, an increased integration of sensory evidence is required, resulting in
longer response times (Ivanoff et al., 2008; Standage et al., 2014). Furthermore, distinct patterns
of brain activity, including variations in Bereitschaftspotential and specific Event-Related
Potential (ERP) components, have been observed to be associated with either speed or accuracy

emphases (Perri et al., 2014).

1.2.1 Speed-accuracy trade-off in cognition and motor control

The speed-accuracy trade-off (SAT) has been a central focus of studies investigating
various cognitive and motor tasks. The SAT has been well documented in tasks such as
perceptual discrimination (e.g., Rank & Di Luca, 2015; Ratcliff & Starns, 2013), lexical
decision (e.g., Rinkenauer et al., 2004), and memory recognition (e.g., Dosher et al., 1989;

Hintzman & Caulton, 1997). These tasks require individuals to balance the speed of decision
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making with the accuracy of their responses, with faster responses typically resulting in higher
error rates (Donkin et al., 2014). Models such as the drift-diffusion model explain this
phenomenon by describing decision-making as a process of evidence accumulation. Adjusting
the evidence threshold can shift the emphasis between speed and accuracy, allowing for flexible
adaptation to task demands (Heitz, 2014; Ratcliff & Smith, 2004).

Similarly, in motor control, the SAT is evident in tasks that require precise movements,
such as aiming or grasping. According to Fitts' law, as movement speed increases, accuracy
tends to decrease due to reduced control and increased variability in motor execution.
Conversely, slower movements allow for greater precision, allowing for fine-tuned adjustments
(Fitts, 1954; Mackenzie, 2017). These findings demonstrate that cognitive and motor tasks
share common mechanisms for modulating the speed-accuracy trade-off.

However, the SAT is not universally applicable. In cognitively demanding tasks, such
as problem solving or multitasking, the relationship between speed and accuracy becomes less
straightforward (Domingue et al., 2022). For example, in such complex scenarios, additional
time improves performance only up to a certain threshold, after which the benefits plateau
(Chen et al., 2018). Similarly, in motor tasks with cognitive components, such as decision-
making in sport, anticipation and practice can even mitigate the SAT (Spieser et al., 2017).

Individual differences, such as personality traits, also modulate SAT performance. For
example, impulsive individuals often show superior accuracy on tasks requiring rapid
information processing, whereas neurotic individuals do not necessarily benefit from extra time
(Dickman & Meyer, 1988; Robinson et al., 2010). In addition, Pacheco et al. (2024) showed
that although individuals have stable SAT tendencies, these preferences can adapt with practice.
SAT principles do not appear to be fixed, but can vary depending on individual characteristics
and learning processes.

In real-world contexts, such as driving, emergency response or language processing,
SAT interacts with a variety of external and internal factors. Time pressure, task complexity
and individual expertise all influence how the SAT manifests. Under time pressure, individuals
may adopt more efficient strategies by ignoring redundant information or prioritizing critical
elements, thereby maintaining performance despite the trade-off (Domingue et al., 2022).

These findings suggest that the SAT is influenced by a combination of task
characteristics, individual differences, and adaptive mechanisms. While the SAT has been
demonstrated to be a robust phenomenon in many controlled experimental tasks, its application
to real-world scenarios highlights the dynamic interplay between cognitive and motor

processes. This complexity underscores the necessity for a thorough examination of domain-
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specific adaptations, such as those observed in reading, where the concepts of speed and
comprehension are inherently intertwined. The domain of reading offers a unique framework

for further exploration of the manifestation of the SAT in naturalistic and multifaceted tasks.

1.2.2 Is there a speed-accuracy trade-off in reading?

Reading is a complex cognitive task that involves a series of interconnected decisions,
such as evaluating whether the current word, sentence, or passage has been adequately
processed. At the same time, a different level of decision making is used to determine when and
where to move the eyes. In contradistinction to less complex decision-making tasks, reading
demands the integration of multiple levels of visuomotor, linguistic, and cognitive processing,
ranging from letter and word recognition to the construction of meaning across sentences and
entire texts (see chapter 1.1.2). These processes underline the dual demands of speed and
accuracy in reading: how quickly can a text be processed while maintaining an adequate level
of comprehension?

The SAT of reading has been the subject of extensive research at the level of word
recognition, particularly through tasks such as lexical decision paradigms. In these tasks,
participants are presented with letter strings and must decide whether they form a valid word
or a pseudoword. The SAT has been systematically investigated in this context by instructing
participants to either prioritize speed — leading to faster but less accurate responses — or
accuracy, which results in slower but more precise judgments. Additionally, response deadlines
are often used to manipulate SAT, with shorter deadlines leading reliably to decreased accuracy
and longer deadlines allowing for more careful processing (Antos, 1979; Rinkenauer et al.,
2004; Scaltritti et al., 2024). These patterns have been observed across a range of lexical
decision tasks and have been extended to encompass more complex linguistic judgments, such
as the determination of the grammatical gender of German nouns (Rinkenauer et al., 2004).

However, reading comprises more than merely isolated word recognition; while word
processing is an essential component, reading also involves the integration of words into
sentences and broader textual structures. Consequently, reading speed is commonly assessed
using global metrics, such as words per minute (wpm). For a considerable period, it was
presumed that skilled adult readers sustain a reading rate of approximately 300 words per
minute (e.g., Carver, 1977, 1983; Rayner, 1998). However, a meta-analysis by Brysbaert
(2019a) suggests that actual reading rates are lower than previously estimated, with nonfiction

texts in English being read at an average of 238 wpm and fiction at around 260 wpm. These
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rates exhibit an inverse relationship with word length and vary across languages. They serve as
useful benchmarks for natural reading behavior.

The reading rate is a valid metric for measuring the speed component of reading.
However, the accuracy component of reading extends beyond the correct decoding of individual
words, as measured in lexical decision tasks, to encompass the comprehension of larger
linguistic units. This aligns with the broader definition of reading comprehension as the ability
to construct a coherent mental representation of the text (see chapter 1.1.2). The prevailing
conception of efficient reading is that it entails the capacity to attain high comprehension at a
relatively high speed (Geva et al., 1997)*,

The question of whether faster readers consistently demonstrate better comprehension
remains unresolved. Brysbaert’s (2019) review does not include compelling evidence for
correlation between reading rate and comprehension, with only a slight trend that faster readers
tend to show better comprehension. This lack of clear findings is likely to reflect the influence
of multiple interacting factors on the relationship between reading speed and accuracy.

For instance, Vorstius et al. (2013) examined the issue of comprehension monitoring in
their study (see Chapter 1.1.2.1), finding no overall effect of reading speed on the accuracy of
responses to comprehension questions. However, when analyzing sentences divided into three
parts — two coherent sections and one with inconsistencies — they observed a positive correlation
between first-pass reading speed in the coherent sections and comprehension accuracy. In
contrast, the inconsistent section of the text did not demonstrate a significant difference in
reading rate. These results are in harmony with the conclusion that participants with higher
comprehension scores exhibited a more effective utilization of their reading time, reading faster
in coherent parts of the text but engaging in targeted rereading of relevant information. This
suggests that proficient readers allocate their cognitive and temporal resources more efficiently,
leading to improved outcomes within the same reading time.

The existence of extremes in reading ability provides an additional perspective on the
issue. Individuals with reading or language difficulties tend to exhibit slower reading speeds
and lower comprehension, often due to challenges with decoding and lexical access (Carlson,
1949; Lovett, 1987). These findings support the hypothesis of a positive correlation between
speed and accuracy on a very general level, as reduced proficiency in fundamental reading skills

can impede both.

“Indeed, a considerable number of assessments of reading are based on the combination of these two components,
including word reading efficiency and reading fluency. In these cases, words (reading efficiency) and sentences (reading
fluency) are read aloud, and the time required as well as the correct pronunciation (and prosody in the case of fluency) are
tracked (Hudson et al., 2005; Tarar et al., 2015).
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The theory of the optimal language intake rate (Carver, 1977) further enriches this
discussion. According to this framework, each individual has an ideal rate of linguistic
information intake — whether auditory or written — that maximizes comprehension. Rates
exceeding or falling short of this optimal point are assumed to impair comprehension. This
concept will be explored further in chapter 2.1, where the different intake modalities will be
highlighted in more detail.

In addition, reading goals have been shown to have a significant impact on the
relationship between reading speed and comprehension (e.g., Strukelj & Niehorster, 2018).
Different goals, such as achieving a detailed understanding, gaining a general overview, or
detecting spelling errors, have been found to prompt readers to adapt their reading strategies
and speeds accordingly (further details on this issue will follow in the upcoming chapter
1.2.2.1). While these goals can be manipulated experimentally through instructions, individual
differences have been shown to play a role in how well readers adapt. In a pioneering study,
Laycock (1955) demonstrated that some individuals increase their reading speed considerably
when instructed to do so, whereas others maintain a stable pace regardless of the instruction.
This divergence suggests that certain readers prioritize comprehension over speed, analogous
to individual differences in the trade-off observed in the speed-accuracy paradigm across other
domains (see chapter 1.2.1).

But how is the reading process affected when an individual's reading speed is changed?
A group of very eminent reading researchers provide a comprehensive review of the theoretical
perspectives on reading speed and comprehension (Rayner et al., 2016). These authors argue
that increased reading speed should result in reduced comprehension, making a strong case for
a mandatory speed-accuracy trade-off. A strict SAT in reading would leave no room for faster
reading speeds beyond an individual’s natural pace; thus, any acceleration, such as through
speed-reading training, should theoretically lead to diminished text comprehension. Empirical
support for this assertion comes from studies demonstrating that dramatic increases in reading
speed following such training coincide with significant declines in comprehension performance
(Collins & Daniel, 2018).

Rayner and colleagues propose several mechanisms to explain this trade-off, including
the possibility that rapid reading may exceed cognitive capacity, leading to an overwhelming
cognitive load that hinders the integration of ideas. At a lower level, faster reading may impair
word decoding, thereby preventing full extraction of meaning. Additionally, rapid reading
reduces opportunities for inner speech, which is thought to facilitate engagement with the text.

Furthermore, Rayner and colleagues posit that faster reading diminishes rereading behavior, a
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critical component for resolving ambiguities and ensuring higher-order integration of textual
information (see chapter 1.1.2). According to the authors, this phenomenon disrupts the reading
process and often results in a superficial processing style resembling skimming. While
skimming can be effective for locating specific information, it generally leads to lower
comprehension rates, as critical context and subtleties may be overlooked.

These theoretical considerations are broadly consistent with empirical findings
indicating the importance of rereading for comprehension, and highlight the complexity of
reading as a cognitive task tied to capacity limitations. However, recent findings by Klimovich
(2024) challenge the universality of this trade-off. In their study, participants underwent either
app-based speed-reading training, metacognitive training, or no training. Post-test assessments
revealed that both training groups achieved significantly higher reading speeds (approximately
20% faster than baseline) without measurable declines in text comprehension. The authors
argue that these improvements were not driven by conventional mechanisms (such as
expanding the perceptual span) but rather by heightened metacognitive awareness of reading
strategies — including the reduction of regressions — and more efficient allocation of attentional
resources (see also Korinth & Nagler, 2021). Such findings call into question whether natural
reading speed indeed represents the upper limit of cognitive capacity or whether readers can
adapt to higher speeds without significant comprehension loss through strategic behavioral
adjustments.

To establish the correlation between reading speed and comprehension within
individuals, it is necessary to manipulate one variable while measuring the other. This may be
achieved through indirect manipulation by setting specific goals or instructions regarding

reading speed, or via direct manipulation of reading speed itself.

1.2.2.1 Manipulation of reading comprehension and speed

As discussed in chapter 1.2, various tasks provide different incentives to prioritize either
speed or accuracy. In reading research, this can be achieved in a number of ways, including
manipulating the depth of comprehension assessment. Comprehension questions can target
more superficial understanding at the level of the propositional text base or deeper processing
at the level of the situational model (see chapter 1.1.2.1). Research has shown that the level of
processing triggered by depth of comprehension questions does indeed influence eye
movements during reading (Radach et al., 2008; Wotschack & Kliegl, 2013; Zawoyski &
Ardoin, 2019).
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In Radach et al. (2008), participants were either asked comprehension questions after
reading texts or sentences, or were alternately given a forced choice word verification task.
Similarly, Wotschack and Kliegl (2013) manipulated both the difficulty and frequency of
comprehension questions in their study. Both experiments showed changes in eye movement
patterns, suggesting that reading speed increased when superficial processing was sufficient to
meet task demands (e.g., fewer or easier questions or word verification tasks). Although neither
study explicitly reported on overall reading speed, their findings regarding moment-to-moment
processing on the word level suggest an adaptation of reading behavior in response to this type
of task demands.

A more deliberate influence on the reading process can be exerted by formulating
explicit reading instructions. By setting specific reading goals — such as reading for
comprehension, identifying errors, summarizing the topic of the text, or comprehending its
general content — both the level of accuracy and the associated eye movement patterns can be
modulated (Biedert et al., 2012; Duggan & Payne, 2011; Kaakinen & Hy6n4, 2010; Magliano
et al., 1993).

Early evidence for task-dependent reading strategies comes from Aaronson & Ferres
(1984, 1986), who found that skilled readers adapt their semantic and syntactic processing
according to the demands of the task. For literal recall tasks, readers used a structure-oriented
recall strategy, whereas comprehension tasks requiring true/false judgments elicited a meaning-
oriented strategy. Similarly, McConkie and Rayner (1974) observed that participants prioritized
speed or retention depending on the experimental reward. Groups incentivized for speed read
passages approximately 40% faster than controls, whereas those instructed to prioritize
retention read more slowly. However, contrary to assumptions based on the speed-accuracy
trade-off, this did not result in higher comprehension.

Strukelj and Niehorster (2018), in a more recent study reported the effects of four
different instructions on eye movement behavior during paragraph reading. The instructions
included regular reading, thorough reading, skimming, and spell checking, each of which
resulted in noticeable differences in eye movement patterns, reading speed, and comprehension.
The spell-checking and thorough-reading techniques resulted in a noticeable decrease in overall
reading speed, with effects on both early and late measures. In contrast, skimming (which
involves scanning the text for a specific topic) resulted in faster reading, again at both baseline
and late measures. For skimming and spell checking, text comprehension was lower than for

regular reading, but thorough reading resulted in higher scores.
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White et al. (2015) corroborated these findings, demonstrating that different
instructions, such as regular reading versus skimming, led to significant adaptations in eye
movement behavior. In their study, different instructions and comprehension questions were
used to prompt either detailed understanding or surface-level scanning. While regular reading
encouraged deeper processing with longer fixation durations and more regressions, skimming
promoted a more rapid processing.

Manipulating reading instructions or comprehension questions can provide incentives
to prioritize either speed or accuracy, but the implementation of instructions is left to the
individual participant. This introduces individual differences in the possible speed-accuracy
trade-off, as participants may interpret instructions differently and adopt different strategies as
a response (see Chapter 2.1). While direct manipulation of accuracy might potentially address
this issue, it is difficult to imagine how this could be done without creating highly artificial
conditions that undermine ecological validity. In contrast, direct manipulations of reading speed
offer a more practical and reliable means of investigating the interplay between speed and
comprehension.

One prevalent method is rapid serial visual presentation (RSVP). Here, all words of a
sentence or text are presented in isolation at a set (usually fast) speed, eliminating the need for
eye movements. For example, Rubin and Turano (1992) observed that middle-aged adults could
read short sentences at a median rate of 790 wpm, with the fastest participants reaching 1,652
wpm. However, this approach is only effective for brief sentences, and the method severely
impairs comprehension when entire paragraphs are presented in this manner (Juola et al., 1982;
Potter, 2018). Overall, this method is not well-suited to the investigation of regular reading and
is arguably only appropriate for examining theoretical limits of short-term reading rates.

An alternative approach incorporating a dynamic text presentation format is the so-
called "fading method" (Breznitz & Berman, 2003). In this method, sentences or text are
presented and “erased” at a predetermined rate according to the direction of reading. Studies
using this technique have discovered the so-called “acceleration phenomenon”, suggesting that
reading performance improves when reading speed is accelerated to some extent. Breznitz
(1987, 1997) has shown that experimental increases in reading speed can lead to significant
improvements in comprehension and decoding accuracy, particularly in impaired readers such
as those with dyslexia.

Training programs such as the Reading Acceleration Program (RAP) are designed to
increase reading efficiency by using the fading method as training. The effectiveness of RAP

in increasing reading speed while maintaining or even improving comprehension has been



22
Introduction

demonstrated in empirical studies (Korinth & Nagler, 2021). In their review, Korinth and
Nagler (2021) highlight the generalizability of the program across different populations and
languages, emphasizing that the phenomenon is effective even among typical readers, but
particularly beneficial for those with reading difficulties.

However, this technique is constrained by three main limitations. Firstly, the majority
of research employing this method has focused on single sentences, which do not necessarily
reflect the cognitive and linguistic demands of reading longer texts. Secondly, the gradual
fading of text alters the reading process by preventing regressions and reducing rereading,
which are essential for word processing and information integration, ultimately supporting
comprehension (Inhoff et al., 2019; Schotter et al., 2014). Finally, the continuous disappearance
of text may exert pressure on the reader and, more crucially, hinder local fluctuations in
processing depth, such as those required for low-frequency or unfamiliar words and syntactic
ambiguities. This method is likely to result in challenges with information integration,
particularly when dealing with complex sentences or texts.

In light of these considerations, the aforementioned methods cannot be considered fully
appropriate for investigating the factor of “speed” on the reading process and the resulting

success in comprehension.

1.3 Motivation for the dissertation thesis

The review of the extant literature reveals significant gaps that this dissertation aims to
address. It has been established that there is no consistent relationship between reading speed
and comprehension across individuals (Brysbaert, 2019). For instance, it has been demonstrated
that individuals who read more slowly do not necessarily do so because they read more carefully
and achieve higher level of comprehension. Similarly, faster readers do not necessarily sacrifice
understanding in order to achieve greater speed. Nonetheless, within the reading research
community there is a prevalent assumption that a speed-accuracy trade-off (SAT) exists, similar
to other cognitive domains (see chapter 1.2.2). This view is predicated on the premise that
increasing reading speed beyond the individual's natural rate invariably leads to a decline in
comprehension. This idea was strongly advocated by a group of eminent reading researchers in
2016 (Rayner et al., 2016).

To evaluate this assumption, two critical factors must be examined: the accuracy of
reading (in terms of comprehension) and the velocity of information acquisition, measured as
reading speed. As argued in chapter 1.2.2, comprehension is best understood as an outcome

variable, as its direct manipulation is challenging. It is crucial to use reliable and consistent
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dependent measures of comprehension that can be applied across different reading conditions,
such as varying speeds. A widely used and validated method for assessing comprehension is
the administration of multiple-choice comprehension questions. When properly designed and
utilized consistently, as in Strukelj & Nichorster (2018), these questions can provide an
effective and reliable measure of text comprehension.

However, it is important to acknowledge that comprehension questions do not function
as purely passive measures; their presence can shape reading behavior by encouraging readers
to adopt specific processing strategies (see Chapter 1.1.2.1). For instance, readers anticipating
comprehension questions may engage in more deliberate or strategic reading, adjusting their
pace or attention allocation accordingly. Given these considerations, it is valuable to explore
complementary methods for assessing comprehension that do not rely on explicit questioning.
One such approach is comprehension monitoring, which captures real-time detection and
integration of textual inconsistencies (see Experiment 3 and Chapter 1.1.2.1).

The second critical factor, reading speed, presents an equally significant challenge for
experimental manipulation. While reading speed is straightforward to measure (e.g., in words
per minute), directly manipulating it without confounding additional variables is far more
complex. The existing body of research frequently varies reading instructions, resulting in
differing reading goals and subsequent speed adjustments. However, in such studies, reading
speed is an outcome of the instruction, not an independently manipulated variable. If readers
are told to read faster or slower, they may constantly remain aware of this expectation and try
to adjust accordingly, therefore deliberately modifying reading in unpredictable ways.

Direct manipulations of reading speed, such as those using the fading method or Rapid
Serial Visual Presentation (RSVP), have been employed in the past but come with significant
limitations (see chapter 1.2.2). These methods restrict natural reading behaviors, such as
regressions, thereby failing to capture the full complexity of the reading process (see chapter
1.1.1).

To address the methodological limitations and the resulting gaps in understanding of the
effects of reading speed, a novel method was developed for this dissertation: the line-by-line
technique. This technique involves systematically varying reading speed while preserving the
natural dynamics of the reading process, including unrestricted eye movements. This
methodological approach constitutes the foundation of the present dissertation and is employed
across three experiments to examine how systematic variations in reading speed influence both

the reading process and comprehension outcomes.
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Experiment 1 explores how proficient English readers process and comprehend texts
presented at varying speeds, especially those exceeding the average natural reading rate. This
study establishes a baseline for understanding the effects of speed manipulations in first-
language (L1) readers and provides insights into how comprehension is maintained at elevated
speeds. Experiment 2 extends this approach to second-language (L2) readers of English,
addressing whether the effects observed in L1 reading generalize to a non-native context. Both
experiments employ a standardized comprehension test, ensuring consistency and
comparability across conditions. Experiment 3 builds upon the findings of the first two studies
by introducing individually tailored reading speed manipulations for German participants
reading texts in their native language. Unlike Experiments 1 and 2, where fixed speed levels
were applied, Experiment 3 adjusts speeds relative to each participant’s baseline rate, enabling
amore personalized assessment of reading adaptability. Furthermore, Experiment 3 emphasizes
lexical processing and comprehension monitoring, using controlled text materials to manipulate
word frequency and plausibility. This allows for a detailed examination of how readers integrate
information and detect inconsistencies during real-time processing in reading.

Collectively, these experiments aim to bridge critical gaps in our understanding of
adaptability to varying reading speeds, both in terms of moment-to-moment cognitive
processing and comprehension. This is supplemented with additional explorations of individual
differences in terms of baseline reading rate, overall reading efficiency and working memory
capacity.

The findings of these experiments are intended to contribute both to the theoretical
understanding of reading processes and to practical applications, such as the design of effective

reading interventions and training programs.

1.4 Overview of the experiments

1.4.1 Experiment 1: Effects of reading speeds on word processing and comprehension

The objective of Experiment 1 was to investigate the influence of systematically
manipulated reading speeds, ranging from moderately below to significantly above the average
natural reading rate, on text comprehension and word processing. Utilizing the novel line-by-
line technique, five distinct reading speeds were induced (ranging from 225 to 405 words per
minute). This technique was designed to vary reading speed without restricting natural reading

dynamics, making it suitable for broader application in future research.
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The experiment addressed a fundamental research question: At what point does an
increase in reading speed lead to a decline in comprehension? Text comprehension was assessed
using a standardized multiple-choice test to allow comparison across all speed conditions.
Furthermore, moment-to-moment processing was analyzed through eye-tracking measures,
with a particular emphasis on late-stage metrics such as total viewing time and regressions.

Lexical benchmark effects, including word length and frequency, were also examined
based on their natural variation within the text material. It was hypothesized that these effects
would remain relatively stable at faster reading speeds, at least until the onset of comprehension
difficulties, since intact lexical access is the basis for comprehensive understanding.
Furthermore, the role of individual differences was explored, including natural reading rate and
word reading efficiency, to determine how these factors influenced participants' ability to adapt
to varying speeds.

Experiment 1 yielded important insights into the relationship between reading speed and
comprehension. The results indicate the adaptability of reading processes to increased speeds,
as well as the thresholds beyond which comprehension begins to deteriorate, while word
processing remains relatively stable. This research provides a foundation for further
investigation into the mechanisms of reading and the broader applicability of the line-by-line

technique.

1.4.2 Experiment 2: Effect of reading speeds in second language readers

The objective of Experiment 2 was to expand upon the findings of Experiment 1,
examining how non-native English speakers (L2 readers) process and comprehend texts when
reading at systematically manipulated speeds. In alignment with Experiment 1, the line-by-line
technique was employed to regulate reading speeds; however, the range was modified to match
the predominantly slower reading rates observed in L2 readers. The range of speeds used in this
experiment varied from 180 to 360 wpm, which reflected a progression from moderately below
to well above the average natural reading rate for this population (see chapter 1.1.3).

Participants’ comprehension was assessed using the same standardized multiple-choice
test that was employed in Experiment 1, allowing for consistent comparisons across the two
experiments. Eye movement measures were recorded to analyze moment-to-moment
processing, with particular attention to late-stage metrics such as total viewing time and
regression rates, which were hypothesized to show notable changes under increased reading

speeds. Lexical benchmark effects, such as word frequency and word length, were examined
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based on their natural variation within the text material. This approach allowed examining these
effects under the additional processing demands of reading in a second language.

This experiment explored whether individual differences, such as natural reading rate
and word reading efficiency, influenced participants' ability to adapt to higher speeds. A critical
question was whether L2 readers would exhibit a similar point at which comprehension declines
as observed in L1 readers, and how this decline might manifest in their eye movement patterns.
Given the additional cognitive demands associated with second-language reading, it was
hypothesized that any breakdown in comprehension might occur at lower speeds compared to
those observed in Experiment 1.

By focusing on L2 readers, Experiment 2 provided an opportunity to test the
generalizability of the findings from Experiment 1 while addressing the unique challenges of
reading in a second language. The findings offer valuable insights into the interaction between

reading speed, comprehension, and eye movement behavior in bilingual contexts.

1.4.3 Experiment 3: Effects of incremental reading speed increase on lexical processing

and comprehension monitoring

In Experiments 1 and 2, a uniform approach was adopted, with a fixed reading speed
applied to all participants. However, significant variability in natural baseline reading speeds
was demonstrated by the readers. For some participants, the manipulated speeds far exceeded
their typical reading rates, presenting a substantial challenge, while for others, they constituted
only a minor increase. To address this disparity, Experiment 3 introduced individually tailored
speed increments based on each participant's natural baseline speed. The objective of this
approach was to establish a more equitable framework for assessing participants' adaptation to
increased reading demands, thereby facilitating a detailed investigation into the role of baseline
speed in determining adaptation potential. The experiment was designed to test the hypothesis
that readers' adaptability depends on proportional increases relative to individual baselines. To
implement this idea, participants read texts at four individually adjusted speeds: their baseline
natural rate, baseline speed with the line-by-line technique (100% of the baseline), and
increments of 125% and 150% of their baseline rate.

In Experiment 3, a greater emphasis was placed on lexical processing and information
integration. In addition, the use of a standardized multiple-choice comprehension test was
avoided. While comprehension tests do offer valuable insights, they have the potential to
influence the reading process itself, thereby modifying the mechanisms under investigation (see

chapter 1.1.2.1). More specifically, it may be the case that readers place more emphasis on
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maximizing comprehension as they would do in their normal reading. This was considered a
potential methodological objection, as in this experiment an important focus was on measuring
online comprehension through the process of comprehension monitoring (see chapter 1.1.2.1).

More specifically, participants were asked to read five or six-line paragraphs, where the
third sentence did or did not contain a noun that was implausible (or atypical) with respect to
an event or action described in the preceding sentence. Comprehension monitoring was
determined in terms of oculomotor responses to such inconsistencies. In addition, sentence four
included highly controlled target words differing in word frequency, as an indicator for the
processing of lexical information. This shift in focus enabled a more nuanced examination of
lexical and integrative processes under increased reading speed conditions.

In addition to these primary aims, the experiment also explored the role of individual
differences, including baseline reading speed and working memory capacity, in shaping reading
adaptability. These analyses offered valuable insights into how cognitive and behavioral factors
modulate the effects of individualized speed manipulations. Baseline reading speed, as it
directly determined the proportional speed increases, was expected to play a significant role in
determining participants' adaptability. Two competing scenarios were considered: either faster
readers demonstrate less flexibility due to limited residual reserve capacity, or slower readers
struggle more due to inefficiencies in lexical processing at baseline.

Working memory capacity was explored as a further factor, reflecting its role in
supporting both lexical access and higher-order comprehension processes under increased
processing demands. It was hypothesized that participants with higher working memory
capacities would demonstrate greater resilience to speed increases, maintaining efficient word
processing and information integration even under heightened constraints.

Integration of individually tailored speed adjustments, controlled lexical manipulations,
and an emphasis on comprehension monitoring constituted a refined framework for
investigating the adaptability of reading processes in Experiment 3. This design addressed the
variability in baseline reading speeds observed in Experiments 1 and 2, while also allowing for
a deeper exploration of the cognitive mechanisms underlying lexical access and semantic

integration under increased speed conditions.

1.4.4 General Methodological Framework

The following section outlines the overarching methodological principles and statistical

approaches employed across all three experiments in this dissertation. By consolidating these
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shared elements, this framework aims to enhance transparency and ensure consistency in the

presentation of the research process.

1.4.4.1 Transparency and openness

In accordance with the standards for quantitative research in psychology established by
Appelbaum et al. (2018), the methodology of each experiment is outlined in the respective
section, including the determination of sample size, the exclusion of data, the implementation
of manipulations, and the measurement of outcomes. The underlying data, the analysis code,
and the supplementary materials are permanently available for review at: https://osf.i0/bz6mg/.

Experiments 1 and 2 were conducted as part of the author’s research stay at McMaster
University in Hamilton/Canada. Experiment 3 was conducted at Bergische Universitit
Wuppertal. Despite the different locations, all three experiments were carried out using the
same eye-tracking equipment, the SR Research EyeLink 2k system, ensuring consistency in
data collection procedures. Additionally, all experiments were designed and implemented using
SR Research Experiment Builder (SR Research, Version 2.4.1), maintaining uniform
experimental presentation and data acquisition across studies.

Parts of the data and results presented in this dissertation are linked to external academic
works. Specifically, Experiment 1 has been submitted for publication in its modified form as a
manuscript (Schwalm et al., 2024, submitted), Experiments 2 and 3 are currently in preparation
for submission (Schwalm et al., in preparation a, b). Additionally, partial data from Experiment
3 were included in a Master’s thesis, which analyzed a subset of the participant sample and
focused on a related research topic (Rohrschneider, 2023).

For clarity and consistent interpretation of the terminology employed, a comprehensive
glossary of key terms used throughout this dissertation is provided at the end of the dissertation,
before the references, starting on page 153. Terms defined in the glossary are highlighted in

italic upon their first appearance in the main text.

1.4.4.2 Statistical considerations

Statistical analyses across all experiments were designed to address the complexity of
the data while adhering to best practices for robust and reliable modeling in eye-tracking and
reading research. For the analyses of all three experiments, the Ime4 package (version 1.1-32)
within the R statistical computing environment (version 4.0.0, R Core Team, 2020) was utilized
to analyze raw fixation duration measures. Generalized linear mixed-effects models (GLMMs)

with a Gamma distribution and the identity link were fitted to these measures, treating viewing
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duration measures as dependent variables. This approach allowed us to bypass the requirement
for normally distributed viewing duration data, thereby eliminating the need for any prior data
transformation (Lo & Andrews, 2015). The generation of all figures was executed through the
utilization of the ggplot package (version 3.2.1).

Initially, models were fitted with the maximal random effects structure, following Barr
et al.’s guidelines (2013). In cases where the models failed to converge, the random effect
structure was systematically simplified by first removing interactions between random effects
and then eliminating slopes. All findings reported in this study are derived from models that
successfully converged after this trimming process.

All full models include estimated beta values (), standard errors (SE), and either the #-
statistic for comprehension scores, viewing durations, and count measures or the z-statistic for
all binary variables, as well as the associated p-values. All full models are listed in the
Appendix. Due to the substantial number of dependent variables and the numerous levels of
independent variables, the results of the GLMMs are presented in the form of ANOVA-style
summaries. This approach enhances readability and provides a clearer overview of the main
effects and interactions. These ANOV A-style reports, which were generated using the anova()
function in R, include chi-square values (%?) to assess the contribution of each effect to the
model's explanatory power, degrees of freedom (df) to indicate the model's complexity, and

associated p-values to evaluate statistical significance.
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2 Experiment 1: Effects of reading speeds on word processing

and comprehension

2.1 Introduction

Reading is a dynamic cognitive process where individuals continuously balance the
need for efficient information acquisition with the goal of deep comprehension. This inherent
tension raises fundamental questions about the limits of human processing capacity, particularly
when readers attempt to accelerate their pace.

The present study investigated the critical relationship between reading speed and
comprehension by addressing two central questions: (1) Does reading faster than the natural
average reading rate necessarily reduce text comprehension? (2) How does the moment-to-
moment reading process adapt when reading faster than normal? These questions are related to
the concept of the speed-accuracy trade-off (SAT), which posits that faster performance often
comes at the expense of accuracy (see chapter 1.2). In reading, this suggests that prioritizing
speed could lead to a loss of comprehension (see chapter. 1.2.2). This concept is in line with
the widely held assumption that reading at a speed above the natural rate necessarily leads to
superficial processing, up to a point where reading essentially becomes ““‘skimming”, according
to Rayner et al. (2016).

Carver's Rauding Theory (1982) proposes an optimal rate of language intake for reading
and listening (auding), beyond which comprehension declines. Hausfeld (1981) estimated this
rate to be about 290 wpm, while Carver (1982) suggested a threshold of 300 wpm for both
modalities. This theory is countered by the observation that reading typically occurs at twice
the rate of speaking, suggesting different processing demands for these modalities (Brysbaert,
2019). However, Kuperman et al. (2021) extended this line of research by comparing natural
reading rates with manipulated listening rates. In their study, 165 proficient English-speaking
adults read six texts at their own pace and listened to six (mostly) time-compressed texts at
different rates (180-405 wpm). Comprehension remained stable up to 315 wpm for listening,
which closely matched the average reading rate of 269 wpm (Brysbaert, 2019). The findings
suggest that individuals possess the capacity to process time-compressed auditory speech at
rates that exceed the typical speaking speed (see Murphy et al., 2022 for a study on compressed
video presentation). The observation that the highest possible listening speed without loss in

comprehension is similar to the natural reading speed may indeed be indicative of a shared
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optimal intake rate, as originally suggested by Carver (1977). While Kuperman et al.'s study
highlights potential untapped capacities in listening, it leaves open the question of whether
similar capacities exist in reading. Kuperman did not manipulate reading speed, which limits
the generalizability of their findings to this modality.

As discussed in Chapter 1.2.2.1, previous studies have examined the impact of task
demands and reading instructions on eye movement behavior and comprehension. For instance,
instructing participants to skim, scan, or proofread results in distinct eye movement patterns
and reading speeds (Biedert et al., 2012; Duggan & Payne, 2011; Kaakinen & Hyoni, 2010;
Magliano et al., 1993; Schotter et al., 2014; White et al., 2015). Skimming tends to reduce
fixation durations and word fixation probabilities, reflecting a focus on extracting gist rather
than detail. In contrast, thorough reading or proofreading has been shown to result in longer
fixations and increased rereading, indicating deeper processing (Strukelj & Niehorster, 2018).

The effects of task instructions on lexical benchmark effects, such as word length and
frequency (see chapter 1.1.1), have also been examined. In particular, it was found that word
frequency has no effect on eye movement behavior when searching for specific words in texts
(Rayner & Fischer, 1996; Rayner & Raney, 1996). This contrasts with findings that word
frequency effects were similar for regular reading and skimming during first-pass reading but
diminished in later processing stages under skimming conditions. Conversely, word length
effects persisted across conditions but were even more pronounced during thorough reading
(Kaakinen & Hyoni, 2010; Strukelj & Niehorster, 2018; White et al., 2015). This work
demonstrates that word processing is sensitive to task demands.

However, any manipulation of reading instruction poses the inherent problem of
compliance. In addition, comprehension questions, which are used to measure understanding,
may interact with instructions, making it difficult to disentangle their effects. For example, more
superficial processing during skimming might lead to difficulties in answering comprehension
questions, prompting more careful reading. When instructions vary, but comprehension
questions remain identical (as in Kaakinen & Hyo6nd, 2010 and Strukelj & Niehorster, 2018),
such confounds become particularly challenging. But when both the instructions and the
difficulty of the comprehension questions are manipulated (as in White et al., 2015), it becomes
problematic to determine which factor is actually responsible for the potential changes.

Additionally, individual differences appear to modulate how participants interpret and
implement instructions. In an early work, Laycock (1955) demonstrated that proficient readers
could flexibly adjust their speed when instructed, reducing fixations and regressions as needed,

while less proficient readers maintained a more constant rate.
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In view of the limitations in the extant literature, this study's primary objective was to
ascertain whether there is a critical text reading speed at which comprehension declines. A
secondary objective was to understand how the reading process adapts to variations in speed.
To achieve these objectives, the present work investigated moment-to-moment processing as
reflected in eye movements and text comprehension under experimentally manipulated reading
speeds. A novel line-by-line method was employed to regulate reading speed without
constraining local eye movements. Participants were presented with texts at five systematically
altered speeds. In addition to these conditions, a baseline regular reading condition was also
included. This methodological approach was designed to minimize confounding variables and
to directly induce changes in reading speed. Unlike indirect methods that rely on reading
instructions, this approach ensured that reading speed is the cause rather than the consequence
of changes in reading behavior.

The comprehension of texts was assessed via multiple-choice questions, employing the
same comprehension test as Kuperman et al. (2021) thereby enabling a direct comparison of
results. Assuming that the natural reading rate aligns with the optimal intake rate, it was
predicted that comprehension will decrease at speeds exceeding 270 words per minute
(Brysbaert, 2019). Conversely, if comprehension remains stable at higher speeds, this would
call into question a strict speed-accuracy trade-off in reading and suggest the presence of as yet
unexplored cognitive capacities. Eye movements were expected to adapt to higher speeds,
particularly in late processes, indicating reduced capacity for text integration and reanalysis.
The hypothesis guiding this focus was that early routines of information acquisition and
orthographic processing may prove to be relatively robust, while the full lexical processing of
more difficult words and the subsequent information integration may reach their limits earlier

under the demands of higher and higher speeds.

2.2 Methodology

Participants

To ensure that the study was adequately powered to detect a meaningful difference in
reading comprehension across different speed conditions, a power analysis was conducted
using the power.prop.test (version 3.6.2) function in R. The comprehension rate for regular
reading, as reported by Kuperman et al. (2021), was used as a reference point (baseline
comprehension accuracy = 0.66 or 8 out of 12 questions), as the same text material and
comprehension questions were employed. It was aimed to provide sufficient power to detect

even the smallest meaningful decrease in this baseline comprehension, to an accuracy of 0.577
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(7 out of 12 questions). The power analysis was conducted with a difference of 0.083 units in
comprehension accuracy (0.666 — 0.577), the significance level (o) of .05 and the power of .80
as parameters. The resulting calculation indicated that 422 observations were necessary to
achieve sufficient statistical power. Each observation was based on a comprehension question
with four possible answers, resulting in a chance level of 25%. Each participant answered 72
questions in total, with 6 questions per text and two texts per speed condition. Given that each
participant contributed 12 observations per speed condition (6 questions per text x 2 texts), a
minimum of 35 participants were needed to achieve the required 422 observations.

Forty-six students at McMaster University (Hamilton/Canada) participated in the
experiment. All participants were native English speakers, defined as individuals who began
acquiring English before the age of schooling (four years old) and rated their English
proficiency in reading, writing, and comprehension at a minimum of 7 out of 10. Additionally,
participants had normal or corrected-to-normal vision and were unaware of the experiment's
objectives. Participants’ average age was 19.82 years (SD = 1.3). Of these, 37 participants
identified as female, 8 as male, and 1 selecting other. Participants received partial course credit

as compensation for their involvement.

Materials

The textual stimuli for this study were selected from the Rutgers University Oral History
Archives, featuring personal life experiences. These narratives were originally part of the
Lectures, Interviews, and Spoken Narratives (LISN) test for listening comprehension (Sommers
etal., 2011; Tye-Murray etal., 2008). From the 16 available narrative passages, 12 were chosen,
with word counts ranging from 427 to 671 words per passage (Mdn = 619 words).

Reliability analyses revealed moderate to high internal consistency across a wide age
range (20—89 years), with Cronbach’s a values exceeding .70 for all groups (Sommers et al.,
2011). Readability, measured by Flesch-Kincaid scores, ranged from 4.3 to 8.6 (M = 6.38, SD
= 1.47), which corresponds to a sixth-grade reading level. The average word length was 4.1
letters (inter-text range for average word length: 3.8—4.5), predicting a reading rate of 267 wpm
based on Brysbaert's (2019) formula.

Each narrative passage was followed by six comprehension questions designed to assess
various levels of understanding. These questions were categorized into three types: information
questions, which required participants to recall specific details from the text; integration
questions, which assessed the ability to synthesize multiple pieces of information; and inference
questions, which tasked participants with deriving implications from the text (Sommers et al.,

2011). The employment of these three question types permitted the assessment of



34
Experiment 1

comprehension on the level of propositional representation and situation model as delineated
by Kintsch (1988) (see Chapter 1.1.2). Each passage included two questions of each type,
totaling six questions per passage. The questions were presented in a multiple-choice format
with four options per question. Throughout the experiment, participants answered a total of 72
questions, with 12 questions for each reading speed condition (two passages per condition
followed by six questions each). The full text material and comprehension questions can be

found in Appendix Al.

Apparatus

Eye movements were recorded using an SR Research Eyelink 2k eye tracker running at
a sampling rate of 2000 Hz. Participants were seated approximately 70 cm away from a 21-inch
CRT monitor with a screen resolution of 1682 x 1050 pixels and a refresh rate of 120 Hz. A
chin and forehead rest were used to minimize movements of the head. At this distance, three

characters subtend approximately 1° of visual angle.

Procedure

The study was approved by McMaster University's ethics committee (protocol #2396).
The data collection process was performed in 2022. Prior to the initiation of the study,
participants were provided with comprehensive information regarding the procedure and gave
their written consent to the conduct of the study and the use of the data collected.

At the beginning of the experiment, participants completed the Language Experience
and Proficiency Questionnaire (LEAP-Q; Marian et al., 2007), Canadian version. The
questionnaire assessed participants’ language acquisition history, contexts of acquisition,
present language use, language preference and proficiency (see Appendix A2).

Participants then took the Test of Word Reading Efficiency Second Edition (TOWRE-
2; Torgesen et al., 2012) to assess their sight word efficiency and phonemic decoding skills.
This test requires participants to read as many words as possible from a list of 104 words within
45 seconds and a separate list of 63 non-words within the same time interval. A score calculated
from the total number of words and non-words read out loud correctly provided an indication
of word reading efficiency.

Following these assessments, the eye tracking experiment was initiated. Participants
began by reading two texts presented in random order at their natural reading rate, without any
text manipulation, to establish a baseline. In this dissertation, the term "reading rate" is

employed to signify the natural reading rate in the condition without manipulation, whereas the
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term "reading speed" is utilized to denote the experimentally manipulated rate at which the
stimuli are presented to the participants.

Participants were instructed to read carefully and were informed that questions would
follow each text. Subsequent to the baseline phase (two texts read at their natural rate),
participants completed 10 additional texts presented in random order. Reading speed
manipulation was achieved using the newly developed line-by-line technique. This method
involved presenting a paragraph in grey font, with only one line highlighted in black, with the
highlighted line moving at a predefined speed line-by-line from top to bottom (see
supplementary material for a video demonstration of the methodology). This allowed for
manipulation of reading speed with minimal disruption to the reading process.

The duration of each line’s highlight was determined by the number of characters in the
line and average word length in the texts (4.1 letters), ensuring alignment with the target words
per minute rates. The speed at which the highlighting moved over the text was randomly
assigned to each text, with speeds set at 225, 270, 350°, 360, and 405 wpm. Speeds were selected
such that the slowest speed was slower than the natural reading rate for most readers, the second
slowest was approximately at the average natural reading rate, and the remaining speeds
represented slight to moderate to substantial increases, up to 150% above the average natural
reading rate (Brysbaert, 2019). The difference in 45 wpm between adjacent speeds corresponds
to 20% of the lowest speed.

It is important to note that this study was not designed to assess the efficacy of training
in speeded reading. The reading speeds were presented in a randomized order, rather than in a
progressive sequence (as is the case in Experiment 3). This design avoids confounding effects
of habituation, fatigue or training with the speed level variable.

Prior to the start of each trial, participants received the following instructions: “In this
experiment, you will be presented with various texts. Please read them carefully. You will be
guided through the text line by line by highlighting the text to be read in black. The remaining
text will be displayed in gray. Please make sure to always read only the black text. Follow this
marking line by line through the text and adjust your speed accordingly.”

The experiment commenced with a nine-point calibration. At the onset of each trial,
participants were presented with a fixation cross in the same position as the first letter of the
text. Tracker accuracy was monitored throughout the experiment, and recalibrations were

performed when calibration errors exceeded 0.3 degrees of visual angle.

5 The intended speed was 315 wpm but due to a programming error it resulted in an effective speed of 350 wpm.
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Variables

Dependent variables in this study (see Inhoff & Radach, 1998, for a general discussion
of eye movement measures) were: fixation probability (the likelihood of a word being fixated,
i.e., the inverse of the more frequently used skipping probability), first fixation duration
(duration of the first fixation on the target word), gaze duration (sum of durations of all fixations
on the word before the gaze moves to another word), fotal reading time (sum of all fixation
durations on the word), probability of a refixation (likelihood of more than one fixation on the
word in one gaze), probability of a regression-in (likelihood of the incoming saccade to
originate from a fixation position to the right of the current word), and text comprehension.

The critical independent variable was speed, a categorical factor with six levels (baseline
natural reading rate and five manipulated speeds). The first set of analyses below examined the
main effect of speed on the dependent variables.

To gain further insight into how lexical benchmark effects are influenced by reading
speed, the interactions with word frequency and word length (in letters) were examined. Word
frequencies were derived from the SUBTLEX-US corpus (Brysbaert & New, 2009), which is
based on 51 million words from subtitles of American films and media.

In addition to investigating these word-level effects, the study sought to explore
individual differences among participants. These differences were defined by baseline
reading rate and word processing efficiency. Baseline reading rate was calculated from the
average reading rates of the two texts read in the baseline condition. Word reading efficiency
was determined by the sum of the two scores from the TOWRE-2 test: sight word efficiency
and phonemic decoding efficiency scores. Specifically, the study investigated whether
individual baseline reading rate and word reading efficiency could predict text comprehension

at different reading speeds.

Statistical Considerations
For a comprehensive overview of the statistical considerations that pertain to all

experiments, please refer to Chapter 1.4.4.

2.3 Results

Four participants were excluded from the analyses due to their baseline comprehension
scores being below 30%: These scores were not significantly different from the chance level of
25% as indicated by the one-sample proportion test (see Kuperman et al., 2021). Therefore, the

results presented are based on data from 42 participants. This sample size exceeds the
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requirement for a well-powered experiment (see power calculations in Chapter 2.2). These
participants had an average baseline sentence comprehension score of 53% (range = 33%-—
92%).

Following conventional criteria, fixations shorter than 80 ms or longer than 600 ms were
eliminated (4.48% of total fixations). Gaze durations exceeding 1,000 ms (0.23% of trials) and
total reading times over 1,500 ms were also excluded (0.17% of trials). Additionally, trials
where a word was fixated more than six times (0.11%) or where no saccade amplitude was
detected (0.75%) were excluded. These criteria left 160,203 trials (94.22% of the data) available
for analysis (see Inhoff & Radach, 1998, for a discussion of data selection criteria).

The two primary objectives of the analyses were to identify the reading speed at which
significant declines in text comprehension occurred and to examine the adaptivity of eye
movement patterns across varying speed levels. The statistical approach to meet these
objectives amounted to identifying the speed at which there were significant changes in
comprehension and eye movement patterns compared to the subsequent, slower speed. Table 1
lists the descriptive statistics for all reported eye movement measures and comprehension
scores under different speed conditions.

To compare the effects of different speeds, backward difference contrast coding was
used. This coding resulted in stepwise comparisons of successive speeds: coefficient labeled
Speed 1 compared the baseline (natural reading) to 225 wpm, coefficient labeled Speed 2
compared 225 wpm to 270 wpm, and so on, with coefficient labeled Speed 5 showing the

comparison of 360 wpm to 405 wpm.

Effects of reading speed on Comprehension

Reading comprehension scores were calculated for each participant and each speed
condition and expressed as percentages of correct responses based on the total responses. As
shown descriptively in Table 1, comprehension scores remained relatively stable across
different speeds and fluctuated around 57%. A noticeable drop in comprehension, down to 49%,
was observed only at the highest speed of 405 wpm. A corresponding LMM confirms these
observations: comprehension is significantly higher at 360 wpm compared to 405 wpm, while
no significant differences (at the 5% level) were observed across the successive lower speeds
(see Appendix B1 for the full model). Until the readers reach a speed of approximately 150%
of the average natural reading speed, there does not appear to be any loss in the comprehension

of texts.
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Table 1
Descriptive statistics of eye movement measures and comprehension scores by reading speed
(Experiment 1)
Speed
Baseline 225 wpm 270 wpm 350 wpm 360 wpm 405 wpm
M M M M M M
(SD) (SD) (SD) (SD) (SD) (SD)
Comprehension 56 58 56 58 57 49
(percentage) (50) (49) (50) (49) (50) (50)
Fixation .65 .65 .61 .55 .54 43
probability (.48) (.48) (.49) (.50) (.50) (.49)
First fixation 210 224 220 212 211 201
duration (ms) (79) (88) (84) (80) (78) (71)
Gaze duration 230 246 240 229 228 211
(ms) (104) (116) (111) (100) (100) (84)
Total reading 300 313 287 255 252 223
time (ms) (184) (191) (164) (131) (129) (101)
Refixation 10 .10 .10 .09 .08 .06
probability (.30) (.31) (.30) (.28) (.28) (.24)
Regression-in .14 16 A5 13 13 .10
probability (.35) (.37) (.36) (.34) (.34) (.31)

Exploration of individual differences. As an additional level of analysis, individual

characteristics of participants were incorporated, focusing on the impact of baseline reading

rate and word reading efficiency. The mean reading rate across all participants was 273 wpm

(SD =171.13), a value that comes very close to Brysbaert’s (2019) general estimate of 260 wpm.

The lowest individual reading rate was 128 wpm, while the highest was 467 wpm. Word reading

efficiency was determined by calculating the sum of the two subtests of the TOWRE-2: sight

word efficiency and phonemic decoding skills. These factors were analyzed to ascertain the

impact of individual differences in reading proficiency on comprehension across the varying

reading speeds.

A correlation analysis revealed a significant but small positive relationship between

baseline reading rate and word reading efficiency scores, » =.055, #175299) = 23.18, p <.001,
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95% CI [.051, .060]. This indicates that participants with higher TOWRE scores tended to read
slightly faster, though the effect size suggests a weak association.

Figure 1 and Figure 2 provide a nuanced depiction of comprehension scores as a
function of reading speed and either individual readers’ baseline reading rate (Figure 1) or word
reading efficiency (Figure 2). For illustrative purposes, the figures categorize participants into
faster and slower readers as well as high and low word reading efficiency groups based on
median splits. However, the actual models incorporated these variables as continuous measures
to more accurately capture their effect on comprehension.

Both figures indicate that text comprehension remained largely stable even at high
reading speeds, with a notable decrease only at the top speed level of 405 wpm. The data also
revealed a consistent trend: participants with faster baseline reading rates and higher word
reading efficiency tend to achieve better comprehension scores. The corresponding LMMs
confirmed these observations: there were significant main effects of baseline reading rate and
word reading efficiency on reading comprehension, see Table 2 for ANOV A-style results; full
model details are provided in Appendix B2 & B3). Both very fast and highly efficient word
readers maintained their advantage in comprehension even at high speeds. Additionally, there
was a significant interaction between baseline reading rate and the speed manipulation,
indicating that for faster readers, comprehension drops to a smaller extent at the highest speed.
This suggests that faster readers and readers with high word reading efficiency still had some

reserve capacity left for text comprehension, even when faced with significant speed demands.

Figure 1

Effect of reading speed and baseline reading rate on text comprehension
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Figure 2

Effect of reading speed and word reading efficiency on text comprehension
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Table 2

ANOVA-style summary of comprehension as a function of reading speed and baseline reading

rate (A), and reading speed and word reading efficiency (B) (Experiment 1)

Factor Y2 Df p
A Speed 14.68 5 .01
Baseline wpm 8.51 1 <.001
Speed*Baseline wpm 13.79 5 .02
B Speed 14.97 5 .01
Word Reading Efficiency 5.50 1 .02
Speed*Word Reading Efficiency 2.20 5 .82

Note. Values with p< .05 are presented in bold.
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Effect of reading speed on eye movements

Table 1 presents a summary of how eye movements change with the different speed
conditions, while Figure 3 further illustrates the composition of total reading time, broken down
into first fixation duration, refixation time, and rereading time across various levels of speed. It
appeared that first fixation duration remained relatively stable across the speed range, and the
shorter total reading times at higher speeds were mainly due to reduced refixation and,
predominantly, lower rereading times. Figure 4 shows the probability of fixating from zero to
more than three times on a word. The fixation probability decreased, the likelihood of skipping
(zero fixations on the word) increased, and the total number of refixations also decreased at
higher speeds.

GLMMs indicated that all oculomotor measures were significantly affected by the
manipulation of reading speed (see Appendix B4 — B9 for the full models and Table 3 for the
ANOVA-style results including word length and frequency effects). First fixation durations and
gaze durations were longest at the 225 wpm reading speed level and then systematically
decreased with each subsequent speed increase, except for the comparison between 350 and
360 wpm. However, the numerical differences between speed increments are relatively
moderate, with a maximum decrease of 12 ms for first fixation duration (about 5 percent points
of relative change) and 17 ms for gaze duration (about 7 percent points) between 360 and 405
wpm. Total reading time showed a significant effect of reading speed across all conditions. It
systematically decreases from 225 wpm throughout higher speeds, with the largest decrease
observed again between 360 and 405 wpm (30 ms or 12% of relative change). Fixation
probability and regression-out probability also decreased when the manipulated speed
increased, except for the step from 350 wpm to 360 wpm. Notably, there was a significant drop
in fixation probability from 360 wpm to 405 wpm, with an 11% decrease. Refixation probability
decreased between the 225 wpm and 270 wpm, with an even more pronounced reduction
between the 360 wpm and 405 wpm (2% of relative change). These results indicate that all
oculomotor measures were affected by the reading speed manipulation, with the most

substantial effects observed for total reading time and fixation probability at the highest speeds.
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Figure 3
First fixation duration, refixation duration and rereading time as a proportion of total reading

for the different speed conditions
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Reading speed and lexical benchmark effects. The next step was to examine the
effects of reading speed on word-level effects found robustly in the eye movement record, i.e.,
the lexical benchmark effects like word length and frequency (Kliegl et al., 2004). It was
hypothesized that reading speed would modulate the relationship between these word
characteristics and eye movement behavior, as previous research indicates that frequency and
word length effects, while ubiquitous in natural reading, can be influenced by reading tasks (see
chapter 1.2.2). To investigate their persistence across varying reading speeds, word frequency
and word length were included as variables in the GLMM analyses. Detailed outputs are
available in Appendix B10 - B15, with an ANOV A-style report summarized in Table 3.

Word length. Analyses revealed that, with the exception of first fixation duration and
regression-in, all oculomotor measures exhibited significant main effects of word length.
Specifically, longer words resulted in slightly increased fixation durations, fewer fixations, and
reduced refixation probabilities (see Figure 5). Additionally, interactions with reading speed
were evident. At lower speeds, word length had a smaller impact on first fixation durations but
a larger effect on refixation probability. This corresponded to stronger word length effects on
total reading time at slower speeds. As reading speed increased, the approach to processing
longer words shifted. At slower speeds, longer words were managed with more refixations and
extended total reading times, while at higher speeds, initial fixations on longer words were
prolonged, reducing the need for subsequent refixations. This was especially salient in the
transition from a decrease to an increase in first fixation for longer words in the faster reading
speed conditions (see Figure 5A).

Word frequency. Findings also indicated significant main effects of word frequency on
all oculomotor measures except regression-in (see Figure 6). The interaction patterns show a
similar trend to those observed for word length. For first fixation duration, the effect of word
frequency was weaker at lower speeds and strengthened at higher speeds, with the only
significant interaction found in this measure (see Figure 6A). Notably, low-frequency words
received longer first fixation durations, especially at higher speeds. While refixation probability
and total reading time decreased overall with increasing reading speed, the frequency effect
persisted (see main effects), exhibiting only a slight trend towards reduction (see Figure 6C and
E). Therefore, even at higher reading speeds, the strategy for lexical processing as expressed in

word frequency remained relatively stable.
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Table 3

ANOVA-style summary of eve movement measures as a function of reading speed, word length
and word frequency (Experiment 1)

Measure Factor v df p
Fixation probability (%) Speed 8375.32 5 <.001
Word length 1675.95 1 <.001
Word frequency 121.58 1 <.001
Speed: Word length 23.01 5 <.001
Speed: Word frequency 6.89 5 23
Word length: frequency 8.49 1 <.001
Refixation probability (%) Speed 494.13 5 <.001
Word length 523.26 1 <.001
Word frequency 56.02 1 <.001
Speed: Word length 9.59 5 .09
Speed: Word frequency 4.86 5 43
Word length: frequency 0.01 1 .99
First fixation duration (ms) Speed 1061.57 5 <.001
Word length 1.42 1 23
Word frequency 32.76 1 <.001
Speed: Word length 12.49 5 .03
Speed: Word frequency 21.94 5 .01
Word length: frequency 3.31 1 .07
Gaze duration (ms) Speed 1686.27 5 <.001
Word length 155 1 <.001
Word frequency 84.85 1 <.001
Speed: Word length 10.29 5 .07
Speed: Word frequency 12.25 5 .03
Word length: frequency 23.62 1 <.001
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Measure Factor X df p
Total reading time (ms) Speed 6466.99 5 <.001
Word length 185.01 1 <.001
Word frequency 114.53 1 <.001
Speed: Word length 57.87 5 <.001
Speed: Word frequency 10.66 5 .06
Word length: frequency 22.15 1 <.001
Regression-in (%) Speed 1408.5 5 <.001
Word length 22.42 1 59
Word frequency 0.55 1 .06
Speed: Word length 14.99 5 <.001
Speed: Word frequency 4.84 5 44
Word length: frequency 4.62 1 .03

Note. Values with p < .05 are presented in bold.
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Figure 5

Effects of reading speed and word length on first fixation duration (A), gaze duration (B), total
reading time (C), fixation probability (D), refixation probability (E), and regression-in
probability (F) (Experiment 1)
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Figure 6

Effects of reading speed and word frequency on first fixation duration (4), gaze duration (B),
total reading time (C), fixation probability (D), refixation probability (E), and regression-in
probability (F) (Experiment 1)
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Supplementary analyses

Distribution of fixations in the paragraph. The findings indicated that as reading speeds
increase, the number of words fixated decreased (see above). Although participants were
instructed to read only the text on the highlighted line, it is possible that they did not fully adhere
to these instructions. Particularly at higher speeds, where comprehension is known to decline,
participants may have struggled to keep up with the rapid pace and skipped large portions of
the text instead of reading continuously. This tendency has been documented in studies
involving skimming instructions under time constraints, as evidenced by Duggan's (1990)
findings. In this study, readers exhibited a propensity to prioritize the initial sections of texts
and often bypassed subsequent content.

To examine whether fixations were distributed unevenly across the paragraph, the
current analysis used the relative position of each word within its paragraph as a continuous
predictor. This allowed for a fine-grained assessment of whether fixation probability decreased
for words occurring later in the paragraph. For visualization purposes, paragraphs were divided
into four equal sections, and fixation probabilities were averaged across these bins (see Figure
7).

The results revealed significant main effects of reading speed and word position within
the paragraph, as well as a significant interaction (see Table 4 for ANOVA-style results and
Appendix B16 for the full model). As previously reported, fixation probability declined with
increasing speed. In addition, a main effect of word position showed that words appearing later
in the paragraph were fixated less frequently. As visible in Figure 7, this trend was most
pronounced when comparing the first quarter of the paragraph to all subsequent sections.

The interaction between speed and word position indicated that the word position effect
was most pronounced in the baseline condition, with fixation probabilities decreasing more
steeply across the paragraph compared to the 225 wpm condition. A smaller interaction effect
also suggested that word position played a slightly stronger role at 360 wpm than at 405 wpm.

Crucially, there was no indication that participants systematically avoided or skipped
the final sections of the paragraph at higher speeds. This suggests that reading behavior did not
deteriorate toward the end of the paragraph, and that readers were generally able to adapt to the

constraints of the speed manipulation.
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Figure 7

Effect of reading speed and position within the paragraph (visualized in four sections) on
fixation probability (Experiment 1)
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Table 4

ANOVA-style summary of fixation probability as a function of reading speed and word position
in paragraph (Experiment 1)

Factor x2 df P
Speed 6944.36 5 <.001
Word position in paragraph 77.60 1 <.001
Speed*word position in paragraph 15.18 5 .009

Note. Values with p < .05 are presented in bold.

2.4 Discussion

Experiment 1 examined how experimentally induced changes in reading speed impact
text comprehension and eye movements in native English speakers. Specifically, it sought to
determine whether increasing reading speed beyond an average natural reading rate necessarily
results in a decline in comprehension and how the reading process adapts to these varying
speeds. Additionally, it was analyzed how lexical benchmark effects, such as word length and
frequency, were modulated by reading speed, and explored how individual differences in

reading proficiency impacted text comprehension.
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Reading speed and comprehension

The concept of an optimal language intake rate, as proposed by Carver (1977, 1982) in
his Rauding Theory, suggests that there is a specific rate for both reading and listening that
maximizes the efficiency of information-processing both in reading and listening without a loss
in comprehension. It was hypothesized that this intake rate would be analogous to the natural
reading rate (Carver, 1982; Kuperman et al., 2021). However, the present findings challenge
this assumption. Text comprehension remained relatively stable across a broad range of reading
speeds, with a significant decline occurring only at the highest speed tested (405 wpm). This
indicates that readers can sustain comprehension at speeds well above the average natural
reading rate, which has been estimated at around 268 wpm for fiction reading (Brysbaert, 2019).
The current findings align with the work of Kuperman et al. (2021; see also Murphy et al.,
2022), who observed reserve processing capacities in auditory comprehension under
accelerated speech conditions. In a similar vein, findings of this study implied the existence of
a reserve capacity in visual-linguistic processing, which enabled readers to sustain
comprehension at moderately to substantially elevated speeds.

The decline in comprehension at 405 wpm likely reflects a cognitive threshold where
the demands of accelerated reading surpass the resources available for effective text integration.
This finding is in harmony with the cognitive load theory, which posits that processing
limitations are reached when the demands of a task exceed the capacity of working memory
(Sweller, 2011). In contrast to a moderate speed increase, which may represent an equilibrium
between processing efficiency and effort, very high speeds may force readers to allocate more
resources to lexical access and sentence parsing, leaving fewer resources for constructing a
coherent mental representation of the text.

The findings further underline the pivotal influence of individual variability in reading,
both from a procedural (information processing) and comprehension (memory) perspective.
Notably, word reading efficiency was strongly linked to better comprehension, suggesting that
individual differences in word reading efficiency play a significant role in how well readers
adapt to changes in reading speed.

Looking at the reading rate in the baseline condition, findings align with Brysbaert
(2019) in showing no significant correlation between the natural reading rate and
comprehension (see also Thalberg, 1967). However, there was a trend suggesting that
individuals with higher natural reading rates also might have slightly better comprehension.
Although higher baseline reading rates were associated with generally better comprehension

across all speeds, a significant decline in comprehension was observed between 360 and 405
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wpm. This appears to indicate that beyond a certain threshold, reading speed impairs the ability

to fully integrate information, regardless of the reader's initial skill level.
Adaptivity of eye movements as a result of reading speed

Experiment 1 demonstrated that eye movement patterns undergo substantial adaptation
when reading speed is adjusted. While it was expected that eye movements would change to
accommodate faster text presentations, it was less clear which specific eye movement
parameters would be most affected. As it turned out, all eye movement measures, particularly
those reflecting later stages of reading, underwent significant changes with increasing speed.

The largest differences were observed in fotal viewing time and fixation probability
when comparing speeds of 360 and 405 wpm. These findings indicate that as reading speed
increases, the tendency to reread words (usually after a regressive saccade) decreases, and
visual attention may broaden to encompass more information within shorter periods (see
Kaakinen & Hyo6né, 2010). In their study comparing proofreading and regular reading, these
authors found that proofreading, which requires slower, more deliberate reading, resulted in
longer fixation durations, more fixations, and shorter saccades. This aligns with the results of
Experiment 1, as all eye movement measures exhibited a shift in response to changes in speed,
with late-stage measures demonstrating a particularly strong sensitivity to these alterations.

As the present work is the first using the novel line-by-line technique, there was no prior
research that could be directly compared. To some extent, the findings were similar to those of
Strukelj and Niehorster (2018) who discovered that skimming resulted in shorter average
fixation durations, a greater number of words skipped, and prolonged total reading times.
However, their work revealed only slight effects on first-pass oculomotor measures, with no
effect on first fixation duration. In contrast, White et al. (2015) reported longer fixation
durations for first-pass and rereading times in regular reading compared to skimming (scanning
for absent topics). They further observed that first-pass reading times for relevant information
were shorter during skimming, while late eye movement measures and average fixation
duration remained unchanged.

The findings of White et al. indicate that during the process of skimming for specific
information, readers tend to rely on a shortened first-pass reading behavior, which facilitates
rapid but relatively superficial processing. Upon the detection of relevant information, the
participants transitioned to a regular reading behavior, exhibiting no discernible differences in
late measures such as rereading. In the context of Experiment 1, it was neither necessary nor

advisable to implement such a shift, given that the pertinent information was distributed in a
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balanced manner and the objective was to achieve a comprehensive understanding of the text.
The results indicate that even at high reading speeds, readers adapted to the demands of the task
and retained the required level of comprehension. In the case of skimming, a more superficial
understanding is completely sufficient. There are more reasons why a direct comparison with
the work of White et al. is difficult, including the level of text analysis (sentence-level versus
paragraph-level reading) and the lack of precise words-per-minute metrics and comprehension
assessments in their study.

In Strukelj and Niehorster’s (2018) work, the skimming instruction led to speeds nearly
double those of regular reading and a notable decline in text comprehension. In contrast, the
current work found that readers could maintain high comprehension levels despite adaptations
in eye movements at increased, but not extreme, reading speeds. As previously discussed, while
eye movements adapt to higher reading speeds and these patterns resemble those seen in
skimming, comprehension remained intact up to a specific threshold.

The investigation extended beyond word-level processing to examine whether readers
could maintain pace with the line-by-line highlight, or if the accelerated speed resulted in the
skipping of specific paragraph sections. However, an observation revealed that as reading speed
increased, readers fixated less frequently but still maintained pace with the indicated speed.

A notable finding was the considerably elevated probability of fixation in the initial
segment of a paragraph relative to the subsequent text, a pattern also reported under normal
reading conditions by Strukelj and Niehorster (2018). This observation may be attributed to the
establishment of a situation model that is as precise as possible at the onset of a content section,
with the objective of generating context for the subsequent content. The contextual information
thus generated can potentially promote accelerated processing in the form of expectations,
resulting in a decline in fixation rates.

These findings lend support to the proposition that the line-by-line technique is indeed
suitable for manipulating reading speed while allowing for a reading process that is close to
natural reading.

Lexical benchmark effects. To understand how word processing is maintained across
varying reading speeds, word frequency and word length effects were examined. Results of
Experiment 1 indicate that these effects remained largely intact even at high speeds, suggesting
that effective lexical access can occur at speeds as high as 405 wpm. This aligns with White et
al. (2015) and Strukelj and Niehorster (2018), who reported that frequency effects in first-pass
reading times were preserved in tasks that are associated with higher speeds, such as topic

scanning and skimming. This suggests that the initial stages of word processing, including
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orthographic processing and lexical access, are remarkably robust and can withstand variations
in speed and task demands.

However, the study also showed that as reading speed increased, processing strategies
shifted to deal with longer and less frequent words. Results indicate that the frequency effect
on initial fixation duration became more pronounced at higher speeds. Together with the finding
that rereading decreased as speed increased, this suggests that at higher reading speeds, more
emphasis was placed on initial processing to reduce the need for later reanalysis. This
interpretation was supported by the pattern found in the baseline condition, where longer words
received shorter initial fixations but were refixated more frequently. At higher speeds, this
pattern was reversed: longer and less frequent words received longer initial fixations, while the
effect on refixations decreased for longer words.

A comparison of the results for slower speeds with studies in which proofreading was
induced is of interest, as the reading speed is also reduced in these cases. In Kaakinen and
Hyoné's (2010) study, proofreading led to enhanced frequency and word length effects in gaze
duration, with additional word length effects emerging in refixation probability. In contrast to
the current study, where frequency effects became more pronounced at higher speeds, Kaakinen
and Hyona (as well as Strukelj & Niehorster, 2018) observed stronger frequency effects during
slower reading. However, the present findings align with their observation that longer words
were refixated more often at slower reading speeds, suggesting that readers allocate more time
to processing complex lexical items when reading at a reduced pace. The observed differences
in reading times provided support for the hypothesis that proofreading does not exclusively
reflect reading speed, but rather modulates information processing itself. Due to the emphasis
on orthographic processing, in which bottom-up processes are particularly relevant for
recognizing errors such as transposed letters, initial word processing is more challenging and
therefore requires more time. In contrast, utilizing a slower reading speed did not lead to a
fundamental change in the focus of processing. When reading at a slower pace, there was
sufficient time for refixations, thereby allowing the initial fixation to occur without
necessitating complete lexical access. Conversely, when reading at faster speeds, the time
available for refixations became limited, prompting the initial fixation to be adjusted upwards
to facilitate lexical access within a single fixation.

In a similar vein, the enhanced reading speeds observed can be compared to experiments
in which participants were instructed to skim or engage in topic scanning, resulting in elevated
reading speeds. Concerning the frequency effect, Strukelj and Niehorster (2018) identified

significant main effects of word frequency for initial reading but also for late reading measures,
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though these effects did not interact significantly. Conversely, White et al. (2015) observed
diminished frequency effects in late reading measures during topic scanning. These findings
were consistent with the present results, which demonstrated relatively stable frequency effects,
particularly in first-pass reading measures, with only a slight reduction in total viewing time at
higher speeds. Lexical access seemed to remain effective even at highly elevated reading
speeds, but the results also pointed to a direction that higher-level integration may fall
somewhat short, since late processes seem to be shortened.

Regarding word length effects, Strukelj and Niehorster (2018) similarly reported weaker
effects on total reading time and fewer refixations during skimming. However, in their study,
word length effects in first-pass reading measures remained stable across task and speed
conditions, which is consistent with the present findings. These results further support the
notion that while initial lexical processing remained intact under increased reading demands,

late-stage processing adjustments may have occured to accommodate faster reading rates.
Conclusion

The integrated results highlight a nuanced understanding of the manner in which reading
tasks, reading speed, and lexical processing interact. While elevated reading speeds could yield
efficient initial lexical access, the capacity for deeper processing appears to depend critically
on the specific demands of the reading task and the allocation of attentional resources. Notably,
the present findings indicate that even at high speeds, the effects of word frequency and word
length remained robust in early processing stages, particularly in measures such as first fixation
duration and gaze duration. This persistence, and in the case of word length, even
intensification, suggests that under accelerated conditions, readers increasingly rely on initial
word processing to extract essential lexical information. In this scenario, longer words, which
inherently demand more extensive processing, trigger compensatory mechanisms that manifest
as prolonged initial fixations, ensuring accurate word recognition despite reduced opportunities
for subsequent reanalysis. Furthermore, at reduced speeds, an adaptive pattern emerges,
whereby an increased number of fixations is associated with shorter initial fixations. This
suggests a potential strategy to distribute processing efforts efficiently across multiple fixations
when necessary.

While Experiment 1 demonstrated that native speakers can adapt to increased reading
speeds without substantial losses in comprehension, it remains unclear whether these findings
also extend to second-language readers. L2 reading is characterized by slower speeds, less

efficient lexical access, and greater reliance on lower-level processing, which may constrain
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the ability to adapt to accelerated conditions (Morishima, 2013; Whitford & Titone, 2015).
Experiment 2 investigates whether L2 readers exhibit similar reserve capacities and adaptive
eye movement patterns when reading in a non-native language. By comparing L/ and L2
readers, the influence of linguistic proficiency on the relationship between reading speed and

comprehension is elucidated.
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3 Experiment 2

3.1 Introduction

Reading fluency in a second language is a fundamental skill that is crucial for success
in academic, professional, and everyday contexts for a significant proportion of the global
population (Arkoudis et al., 2009; Pecorari & Malmstrom, 2018). Despite attaining high levels
of proficiency, L2 readers often demonstrate slower reading rates compared to native language
readers, even when their comprehension performance is comparable (Brysbaert, 2019;
Siegelman et al., 2024). This discrepancy underscores the necessity of elucidating the
mechanisms underlying L2 reading, with particular emphasis on whether and how L2 readers
can augment their reading speed without compromising comprehension. The acquisition of
such knowledge is imperative for the advancement of our understanding of bilingual reading
processes and the development of effective educational interventions.

Research has demonstrated that individuals can process time-compressed speech
presented auditorily at speeds significantly above the normal speaking rate in their L1 without
experiencing any deficits in comprehension (Conrad, 1989; Kuperman et al., 2021; Murphy et
al., 2021). However, even highly proficient L2 readers appear to suffer comprehension losses
under similar conditions (Conrad, 1989; Griffiths, 1990). Yet this L1-L2 discrepancy cannot be
easily generalized to the case of reading, because of the fundamental differences in the cognitive
processing demands associated with reading and listening. Unlike listening, the act of reading
allows for moment-to-moment adjustments to the specific demands of the reading situation,
such as changes in pace, text difficulty, or specific task requirements. Nevertheless, it is not yet
established how L2 readers adapt their linguistic processing and comprehension to manipulated
reading speeds or whether individual differences, such as the natural reading rate or word
reading efficiency, influence their reading performance under these conditions.

L1 and L2 reading likely differ not only in linguistic proficiency but also in the cognitive
strategies employed to achieve reading for understanding. L2 readers typically require more
time and cognitive resources for word decoding, resulting in slower reading rates and longer
fixation durations (Beglar & Hunt, 2014; Fraser, 2007; Kuperman, 2022; Nisbet et al., 2022;
Siegelman et al., 2024; Whitford & Titone, 2015). This increased cognitive load can be
attributed to less efficient lexical access, as L2 readers rely more heavily on lower-level
processes, leaving fewer resources for higher-level processing (Morishima, 2013).

In contrast to L1 readers, who frequently skip highly frequent or predictable words, L.2

readers demonstrate a stronger influence of word frequency, with a reduction in the number of
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skipped words and an increase in the duration of fixations on lower-frequency words. This also
reflects their diminished capacity to generate expectations during reading, as less proficient L2
readers exhibit reduced sensitivity to word predictability (Berzak & Levy, 2023; Godfroid,
2019; Nahatame, 2023;see chapter 1.1.3 for a more detailed discussion).

As found for L1 readers, there is also no significant correlation between reading speed
and text comprehension in L2 readers (Wijaya, 2018). Experienced and proficient L2 readers
in some studies read as fast as L1 readers and resemble very similar eye movement patterns
(Kuperman et al., 2023; Nisbet et al., 2021; Siegelman et al., 2024). These effects may indicate
that proficient L2 readers have some sort of reserve capacity for faster reading as well.
However, as described in the previous section, there is evidence to suggest that the cognitive
demands of L2 reading are significantly higher. Consequently, it appears to be a reasonable
expectation that L2 readers can adapt to a higher reading speed with varying degrees of ease
because they are a very heterogeneous group.

Individual differences among L2 readers, such as vocabulary size, word reading
efficiency, and working memory capacity, are likely to influence their ability to adapt to varying
reading speeds (Godfroid, 2019; Parshina et al., 2021; see chapter 1.1.3). For instance, more
proficient L2 readers, who tend to exhibit shorter fixation durations and more efficient eye
movement patterns, may be better equipped to maintain comprehension at higher speeds.
Conversely, readers with lower proficiency levels may encounter challenges in adapting to
these changes, which can result in a more significant decline in comprehension.

The primary aim of Experiment 2 is to investigate whether L2 readers exhibit similar
untapped cognitive capacities during reading as has been observed in Experiment 1 for L1
readers (see also Korinth et al., 2016). This would enable them to increase their reading speed
without compromising comprehension of the texts they read. To examine this question,
bilingual university students were asked to read English texts while the speed of text
presentation was manipulated using the line-by-line technique. Reading speeds were
manipulated across five levels, ranging from 180 to 360 wpm. Should an untapped cognitive
capacity exist during natural reading, it is expected that comprehension levels will remain high
even at elevated reading speeds, thereby challenging the traditional notion of a speed-accuracy
trade-off. This would suggest that the natural reading rate does not necessarily correspond to
the optimal reading speed for L2 readers, thereby illuminating the similarities between L1 and
L2 reading. An equally important objective of this research is to examine how L2 readers adapt
their moment-to-moment linguistic processing and oculomotor control to varying reading

speeds.
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Additionally, this study explores individual differences among L2 readers. To this end,
both baseline reading rates and word reading efficiency were employed as predictors of
comprehension at varying reading speeds. This multifaceted approach was deemed the most
appropriate method for assessing whether individual differences in reading proficiency
significantly influence L2 readers' ability to maintain comprehension at elevated reading

speeds.

3.2 Methodology

The design of this study closely followed Experiment 1. The design will be briefly

described, and differences between the experiments will be highlighted.
Participants

To ensure sufficient statistical power to detect small differences in text comprehension,
the same power analysis approach as in Experiment 1 was employed, utilizing the
power.prop.test function in R. It can be assumed that experienced L2 readers achieve
comprehension scores comparable to those of L1 readers (see Kuperman et al., 2023) and
chapter 1.2.2.1), and accordingly, the same baseline comprehension accuracy value was
adopted. Based on this, a target sample size of at least 35 participants was calculated to detect
a one-question difference in comprehension across speed conditions.

The study was conducted with a sample of 36 students from McMaster University
(Hamilton/Canada), with an average age of 20.99 years (SD = 1.8). Of the participants, 29
identified as female and 7 as male. The participants had normal or corrected-to-normal vision
and were unaware of the aims of the experiment. All subjects had a native language other than
English and began learning English at the age of four at the earliest. The mean age at which
English was acquired was 7.48 years (SD = 3.02). The age range was from 4 to 14 years. The
mean self-reported reading proficiency on a scale of 0 to 10 was 7.49 (SD = 1.65), with a
minimum of 5 and a maximum of 10. Additional information regarding these participants,
including their native language and country of origin, can be found in the supplementary

materials S 2.
Materials

The stimuli for Experiment 2 were selected from the same set of personal narratives

used in Experiment 1, sourced from the Rutgers University Oral History Archives and originally
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utilized in the LISN test for listening comprehension (Sommers et al., 2011; Tye-Murray et al.,
2008). The same 12 of the 16 available texts were chosen for this experiment.

As in Experiment 1, each passage was paired with six multiple-choice questions
designed to evaluate recall, detail integration, and inferential reasoning, resulting in a total of
72 questions across the three reading speed conditions. Each condition included two passages
and 12 questions, ensuring consistency in stimulus selection and comprehension assessment

across both experiments.
Apparatus

Eye movements were recorded using an SR Research Eyelink 2k eye tracker, operating
at a sampling rate of 2000 Hz. The participants maintained a seated position at a distance of
approximately 70 centimeters from a 21-inch CRT monitor, with a resolution of 1682 x 1050
pixels and a refresh rate of 120 Hz. To minimize head movement, a chin and forehead rest was
employed. At this viewing distance, the angular dimensions of three characters corresponded

to approximately one degree of visual angle.
Procedure

The procedure for Experiment 2 largely followed that of Experiment 1, with key
modifications to accommodate the L2 participant population and adjusted speed conditions.
Data were collected in 2022 and 2023, and the study was approved by the McMaster University
Research Ethics Board (#2396). At the outset of the experiment, participants completed the
Canadian Language Experience and Proficiency Questionnaire (LEAP-Q; Marian et al., 2007)
to assess their language history, current use, and proficiency. Subsequently, participants were
required to complete the Test of Word Reading Efficiency (TOWRE-2; (Tarar et al., 2015),
which entailed reading aloud from lists of 104 English words and 63 non-words over a 45-
second period per list. The total number of correctly read words served as a measure of word
reading efficiency.

The eye-tracking setup, instructions and general calibration procedures (nine-point
calibration, monitoring for accuracy > 0.3 visual degrees) were identical to those described in
Experiment 1. Participants began by reading two texts at their natural pace to establish a
baseline. Subsequently, 10 additional texts were presented in randomized order, with speeds

manipulated using the line-by-line method, as detailed in Chapter 2.2. Speeds were randomly
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assigned at 180, 225, 270, 350% and 360 wpm, spanning slower-than-average, typical, and
moderate to substantial increases, up to 150% of the average natural rate of L2 readers (Cop et
al., 2015; Dirix et al., 2019). The 45 wpm interval between speeds represents a 20% increment
from the slowest rate. It is to be noted that, in comparison with Experiment 1, a slower condition
has been incorporated and the fastest condition has been eliminated. As a result, the speeds
partly overlapped with the ones used on L1 readers of English in Experiment 1, which started

at 225 wpm as the minimum and went up to 405 wpm, in the same increments of 45 wpm.
Variables

As in Experiment 1 the dependent variables related to the eye movements were as
follows: fixation probability, first fixation duration, gaze duration, total viewing time, refixation
probability and regression-in probability. Additionally, comprehension accuracy was assessed.
The exact definitions of the variables can be found in the Methods section of Experiment 1, and
an overview of the various eye movement parameters can be found in Inhoff and Radach (1998).

The primary independent variable was reading speed, which was categorized into six
levels: the natural reading rate and the five experimentally manipulated speeds.

To further investigate the influence of reading speed on lexical processing, an analysis
of the interactions between reading speed and both word frequency and word length (in letters)
was conducted. word frequencies were obtained from the SUBTLEX-US corpus (Brysbaert &
New, 2009), which is based on 51 million words from American film and media subtitles.

In addition, the influence of individual differences on reading performance was
examined. The baseline reading rate was determined from the two texts read at each
participant's natural pace, while word reading efficiency was assessed using combined scores
from the TOWRE-2 test. These individual factors were then analyzed to predict comprehension

across varying reading speeds.

Statistical considerations
For a comprehensive overview of the statistical considerations that pertain to all

experiments, please refer to Chapter 1.4.4.

¢ The intended speed was 315 wpm but due to a programming error it resulted in an effective speed of 350 wpm.
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3.3 Results

Given that comprehension scores below 30% do not differ significantly from the chance
level of 25% (see Kuperman et al., 2021), two subjects with scores below this threshold were
excluded from the subsequent analyses. The remaining 36 subjects exhibited a mean
comprehension score of 60% (ranging from 33% to 92%).

Fixations that were shorter than 80 ms or longer than 600 ms were excluded from the
analysis, representing 5.24% of the total number of fixations. Additionally, observations with
gaze durations exceeding 1,000 ms (0.33%), total reading times above 1,500 ms (0.17%), more
than six fixations on a word (0.20%), and undetected saccade amplitudes (0.72%) were
excluded. The remaining data consisted of 149,248 observations, representing 93.32% of the
initial dataset.

The following analyses were designed to provide information about the reading speed
at which text comprehension begins to suffer, the manner in which eye movements adapt to
varying speeds, and the role that individual differences play in this process. Backward
difference contrast coding was employed to facilitate a comparative analysis of the various
speed conditions. In the initial comparison (Speed 1), the baseline reading rate was contrasted
with the speed of 180 wpm, followed by a comparison between 180 wpm and 225 wpm, and so
forth. The impact of the speed manipulation on text comprehension and eye movement
measures can be observed in Table 5. A subsequent section will present the analyses of
individual differences, and a final section will compare the results with the L1 sample from
Experiment 1.

The mean baseline reading rate for the L2 sample was 197 (SD = 51) wpm. Similarly,
Dirix et al. (2019) documented an average reading speed of 174 wpm among L2 readers of

English texts.
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Table 5

Descriptive statistics of eye movement measures and comprehension scores (Experiment 2)

Speed
Baseline 180 wpm 225 wpm 270 wpm 350 wpm 360 wpm
M M M M M M
(SD) (SD) (SD) (SD) (SD) (SD)
Comprehension 60 46 46 43 40 36
(%) (49) (50) (50) (50) (49) (48)
Fixation 72 .69 .62 .58 49 A48
probability (.45) (.46) (.49) (.49) (.50) (.50)
First fixation 238 247 243 238 231 232
duration (ms) (90) (94) 91 (88) (84) (83)
Gaze duration 270 280 273 265 253 253
(ms) (125) (130) (123) (117) (108) (107)
Total reading 366 363 329 304 278 278
time (ms) (223) (213) (185) (162) (141) (139)
Refixation .14 14 A3 A2 A1 10
probability (.35) (.35) (.34) (.33) (.31) (.31)
Regression-in 13 15 13 13 A2 .10
probability (.34) (.35) (.34) (.33) (.32) (.32)

Effects of reading speed on comprehension

Comprehension scores were calculated for each participant at each speed and are
presented as a percentage. Figure 8 illustrates the effect of reading speed on comprehension.
The results of the linear mixed-effects model (see Appendix C1 for the full model) indicate a
significant difference in comprehension between the baseline condition and the 180 wpm
condition. However, no significant differences were found between the subsequent speeds in
this analysis. To investigate the differences between the manipulated speeds more precisely, a
second analysis was conducted with adjusted contrasts. In this analysis, all speeds were
compared to the 180 wpm condition. This analysis revealed a significant difference between
180 wpm and 360 wpm (see Appendix C2 for the full model). While the results clearly
demonstrate that all speed manipulations reduce comprehension, irrespective of the specific

speed, a clear downward trend in comprehension is evident at higher speeds.
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Figure 8
Effect of reading speed on text comprehension (Experiment 2)
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Exploration of individual differences. To account for individual differences, the
analyses included both baseline reading rate and word reading efficiency. The mean baseline
reading rate was 197 wpm, with a standard deviation of 51 wpm and a range from 91 to 337
wpm. The mean word reading efficiency, based on the combined TOWRE-2 subtest scores
(sight word efficiency and phonemic decoding), was 127.91 (SD = 19.29), with a range from
84 to 167.

Contrary to the anticipated outcome, baseline reading rate was found to have no
significant effect on comprehension, nor was there any interaction between baseline reading
rate and reading speed (see Table 6 for ANOVA-style results and Appendix C3 for full model
details). Both faster and slower L2 readers of English exhibited similar declines in
comprehension with speed manipulation.

However, word reading efficiency demonstrated a significant main effect, with higher
efficiency scores attenuating the adverse impact of speed manipulation across all speed levels
(see Table 6 for ANOV A-style results and Appendix C4 for full model details). Figure 9 depicts
the relationship between word reading efficiency and comprehension scores across reading
speeds. While participants were grouped into high- and low-efficiency categories for illustrative
purposes based on median splits, continuous measures were employed in the models to enhance
precision.

Although readers with a high word reading efficiency (rather unexpectedly)

demonstrated a numerically lower level of text comprehension in the baseline condition, they
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exhibited significantly higher comprehension levels in the manipulated speed conditions (see
Figure 9). An additional analysis limited to the baseline condition revealed no significant effect

of word reading efficiency and comprehension, ¥*(1) = 0.87, p = .36.

Table 6

ANOVA-style summary of comprehension as a function of reading speed and baseline reading
rate (A) and reading speed and word reading efficiency (B) (Experiment 2)

Factor x2 df P
A Speed 14.32 4 >.001
Baseline reading rate 1.84 1 17
Speed*Baseline reading rate 5.98 4 20
B Speed 13.79 4 >.001
Word reading efficiency 10.97 1 >.001
Speed*Word reading efficiency 4.99 4 .29

Note. Values with p < .05 are presented in bold.

Figure 9

Effect of reading speed and word reading efficiency on text comprehension
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Effects of reading speed on eye movements

As presented in Table 5, there is a substantial variability in the patterns of eye movement
across the various speed conditions. In particular, early oculomotor measures (first-pass reading
measures) are less susceptible to speed-related changes than later measures (see Figure 10).
Specifically, the time spent on rereading decreases at higher speeds, thereby contributing to the
necessary reduction in total reading time. As reading speed increases, the number of fixations
per word decreases, with words being skipped more frequently and instances of multiple
fixations on a word becoming less common (see Figure 11).

The results of the GLMM analyses indicate the presence of significant main effects of
speed for all eye movement measures (see Appendix C5 — C10). The probability of fixation
decreases significantly between baseline and 180 wpm, and this decrease is maintained at each
subsequent higher speed, with the largest difference between 270 wpm and 350 wpm (9% of
relative change). Significant differences were observed in first fixation duration, gaze duration,
and regression-in across all speed comparisons, except for the two highest speeds. These three
variables show an increase at slower speeds compared to baseline (longer fixation durations
and greater number of regressions), before showing a progressive decrease (see Figure 12). The
largest differences were again observed between 270 wpm and 350 wpm, with a small
difference of 2% relative change for first fixation duration and a decrease of 5% for gaze
duration. No significant differences were observed between baseline, the slowest speed, and the
two fastest speeds for total reading time and refixation probability. However, both measures
showed a significant decrease in the remaining comparisons, with the largest difference (7% of
relative change) between 180 and 225 wpm for total reading time and a 1% difference for

refixation probability between subsequent speeds.
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Figure 10

First fixation duration, refixation duration and rereading time as a proportion of total reading
for the different speed conditions (Experiment 2)
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Proportion of fixation count for the different speed conditions (Experiment 2)
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Figure 12

Effects of reading speed on first fixation duration (A), gaze duration (B), total reading time (C),
fixation probability (D), refixation probability (E), and the probability for a regression-in (F)
(Experiment 2)
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Lexical benchmark effects. In line with Experiment 1, word frequency and length were
included in the GLMM analyses, with detailed results in Appendix C11 -C16 and an ANOVA-
style summary in Table 7.

Word length. The results of the linear mixed models indicated a significant main effect
of word length for all oculomotor measures. In particular, longer words were found to elicit
longer fixation durations and a higher number of (re)fixations. Furthermore, interactions
between word length and reading speed were identified. Figure 13 illustrates all analyzed
variables including the aforementioned interaction effects for fixation probability (Figure 13D),
first fixation duration (Figure 13A), gaze duration (Figure 13B), and total reading time (Figure

13C). At slower reading speeds, word length exerted a more pronounced influence on refixation
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probability, gaze duration, and total viewing time. Conversely, the impact of word length on
fixation probability and first fixation duration was less pronounced at slower reading speeds. It
would seem that the elevated cognitive load associated with processing longer words at slower
reading speeds was compensated for by a greater number of refixations, longer gaze durations,
and an increased total viewing time. However, at higher speeds, there was a shift in strategy,
with an increase in fixation probability for long words and a greater increase in first fixation
duration than for short words.

Word frequency. The results also demonstrated a significant main effect of word
frequency on all oculomotor measures with the exception of regression-in. The frequency
effects remained stable across all speeds, with the exception of gaze duration and total viewing
time (see Figure 14B and C). As with the word length effects, these two variables showed
stronger effects at lower speeds. Consequently, the influence of word frequency on gaze

duration and total reading time decreased with higher speeds.

Table 7

ANOVA-style summary of eye movement measures as a function of reading speed, word length
and word frequency (Experiment 2)

Measure Factor v df p
Fixation probability (%) Speed 9984.09 5 >.01
Word length 1437.36 1 >.01
Word frequency 61.36 1 >.01
Speed: Word length 188.27 5 >.01
Speed: Word frequency 8.77 5 A2
Refixation probability (%) Speed 511.09 5 >.01
Word length 1165.38 1 >.01
Word frequency 99.57 1 >.01
Speed: Word length 12.47 5 .03
Speed: Word frequency 6.56 5 .26
First fixation duration (ms) Speed 435.94 5 >.01
Word length 31.77 1 >.01
Word frequency 7.47 1 >.01
Speed: Word length 14.50 5 .01
Speed: Word frequency 9.93 5 .08
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Measure Factor X df p
Gaze duration (ms) Speed 1071.8 5 >.01
Word length 609.23 1 >.01
Word frequency 90.04 1 >.01
Speed: Word length 50.70 5 >.01
Speed: Word frequency 12.55 5 .03
Total reading time (ms) Speed 5733.13 5 >.01
Word length 479.22 1 >.01
Word frequency 149.54 1 >.01
Speed: Word length 95.21 5 >.01
Speed: Word frequency 33.59 5 >.01
Regression-in (%) Speed 144.23 5 >.01
Word length 0.28 1 .59
Word frequency 0.41 1 52
Speed: Word length 13.59 5 .02
Speed: Word frequency 4.78 5 44

Note. Values with p < .05 are presented in bold.
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Figure 13

Effects of reading speed and word length on first fixation duration (A), gaze duration (B), total
reading time (C), fixation probability (D), refixation probability (E), regression-in (F)
(Experiment 2)
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Figure 14

Effects of reading speed and word frequency on first fixation duration (4), gaze duration (B),
total reading time (C), fixation probability (D), refixation probability (E), regression-in (F)
(Experiment 2)
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Supplementary analyses

Distribution of fixations in the paragraph. As in Experiment 1, it was of additional
interest to investigate whether participants experienced difficulties in keeping pace with the
line-by-line manipulation at higher reading speeds, leading to reduced fixations on the
subsequent sections of paragraphs. To examine whether this tendency occurred in the present
L2 sample, the relative position of each word within its paragraph was included as a continuous
predictor in the analysis. This allowed for a detailed assessment of whether fixation
probabilities declined as word position progressed through the paragraph. For visualization
purposes only, paragraphs were divided into four equal sections, and fixation probabilities were
averaged across these bins (see Figure 15). In all statistical analyses, word position was treated
as a continuous variable (see Table 8 for ANOV A-style results and Appendix C17 for the full
model).

The results revealed significant main effects of both reading speed and word position.
Fixation probabilities decreased with higher reading speeds and for words appearing later in the
paragraph. These effects are consistent with those observed in the L1 sample.

Importantly, a significant interaction between reading speed and word position was
found. As shown in Figure 15, this interaction reflects the increasing influence of word position
at higher reading speeds. While differences in fixation probability across the paragraph were
minimal at 180 wpm, they became more pronounced at higher speeds. This pattern suggests
that at elevated speeds, L2 participants were more likely to skip words toward the ends of

paragraphs, potentially due to difficulties in adapting to the demands of accelerated reading.

Table 8

ANOVA-style summary of fixation probability as a function of reading speed and word position
in the paragraph (Experiment 2)

Factor Y2 df )%
Speed 56.46 5 <.001
Word position in paragraph 13.06 1 <.001
Speed*Word position in paragraph 3.75 5 005

Note. Values with p < .05 are presented in bold.



73
Experiment 2

Figure 15

Effect of reading speed and position in the paragraph (measured in quarters) on fixation
probability (Experiment 2)
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3.4 Discussion

Effects of reading speed on comprehension

The main goal of this study was to ascertain whether proficient L2 readers possess an
additional cognitive capacity that allows them to increase their reading rate without
compromising comprehension, as found for L1 readers (see Experiment 1 as well as Korinth et
al., 2016). The present findings provide a definitive answer to this question: Even though the
participants were fluent readers in their non-native language and academically successful
university students, they did not demonstrate the capacity to maintain comprehension at
elevated reading speeds beyond their natural baseline reading rate.

Participants demonstrated good text comprehension under baseline conditions, but their
performance was significantly disrupted when reading speed was manipulated, even at the
slowest speed of 180 wpm, which is approximately 0.33 standard deviations below the observed
baseline of 197 wpm. Further increases in reading speed led to a stepwise decline in
comprehension, with a significant difference observed between the slowest and fastest
conditions. Individuals baseline reading speed did not play a significant role in text
comprehension, either at baseline or when speed was manipulated. In contrast, word reading
efficiency showed a positive effect on text comprehension at accelerated speeds. These findings

largely align with the extant literature, which has thus far demonstrated an absence of a
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significant relationship between reading speed and text comprehension for L2 readers (Wijaya,
2018). Notably, an individual's natural baseline reading rate did not significantly predict the
preservation of comprehension at accelerated speeds — a phenomenon that will be discussed in
greater detail later. At the same time, word reading efficiency exhibited a positive effect on text
comprehension under speed manipulation, although no significant effect was observed on the
baseline reading rate. It was expected that there would be a modest positive effect on baseline
comprehension (Bernhardt, 2005, 2019; Jeon & Yamashita, 2014). However, this hypothesis
was not substantiated by the present data. Previous research has shown that word reading
efficiency plays a more substantial role in predicting comprehension for L1 readers than for L2
readers, where the effect tends to be relatively small (Geva, 1997).

Despite the apparent individual differences, second-language readers were basically
unable to sustain high levels of text comprehension once reading speed was experimentally
increased. This finding suggests that task demands indeed exceeded the limits of their cognitive
capacity. This conclusion is in harmony with previous research on L2 listening, where increased
speech rates similarly resulted in reduced comprehension (Conrad, 1989; Griftiths, 1990). This
appears to suggest that the natural reading rate is in fact identical or close to the optimal reading
rate for L2 readers. Faster reading above this optimum leads to lower comprehension because
information cannot be processed faster.

What is the locus of this effect? A likely explanation may be the disruption of prelexical
and lexical stages of word processing, such as letter discrimination and/or lexical access, while
they unfold during the course of information processing. Alternatively, these results could be
indicative of an overload during later stages of information integration, e.g., when a coherent
representation needs to be formed on the level of sentence comprehension.

It is not a simple task to determine which of these components suffer most when L2
readers are running out of time. The positive correlation observed between assessed word
reading efficiency and text comprehension provides evidence for a critical role of efficient
lexical processing. Word reading efficiency was associated with improved comprehension
across all manipulated speed conditions, suggesting that efficient lexical processing acted as a
protective factor against the challenges posed by accelerated reading speeds (see e.g., Reichle,
2021, for a detailed discussion of the primary role of the lexical processing stage during
reading).

Contrary to previous research (Bernhardt, 2005, 2019; Jeon & Yamashita, 2014), no
positive association between word reading efficiency and text comprehension was observed in

the baseline condition. This discrepancy suggests that, in the absence of time constraints,
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competent L2 readers can achieve a high level of comprehension regardless of their efficiency
in word recognition. However, when processing time becomes a critical factor under speed
manipulation, individuals with higher word reading efficiency gain a comparative advantage.
These readers require fewer temporal resources for lexical access, allowing them to allocate
more capacity to higher-order processing, ultimately supporting better comprehension.
Nonetheless, text comprehension generally declined under accelerated reading
conditions, albeit to a lesser extent for those with higher word reading efficiency. This finding
reinforces the idea that efficient lexical processing is a crucial factor in maintaining
comprehension, particularly under increased processing speed (see Bernhardt, 2005, 2019; Jeon
& Yamashita, 2014, for a critical discussion). However, based on the evidence presented, it
remains unclear whether comprehension difficulties arise due to impaired lexical processing
(meaning that lexical access is hampered at higher speeds) or whether lexical access occurs
successfully but consumes excessive cognitive resources so that insufficient capacity remains
for higher order processing stages. Insights into this question can be gained by examining

moment-to-moment processing during reading.
Adaptivity of eye movements as a result of reading speed

Analyses of eye movement data revealed that readers make substantial adjustments to
their oculomotor behavior when reading speed is increased. The observed changes were
significant across all the eye movement metrics, with the most pronounced effects being a steep
decline in the number of times a word was refixated and especially in the time spent rereading
words. Looking at the adaptation of eye movements in relation to word length and frequency,
it turned out that both lexical benchmark effects remained largely intact even at high speeds. In
fact, the word length effect on first fixation duration was even more pronounced at higher
speeds, while the subsequent viewing durations (both gaze duration and total viewing time)
showed a slight decrease. Apparently, readers are forced to rely on increased initial fixations,
when making additional fixations becomes too time-consuming.

Linguistically, this pattern is characterized by a sustained focus on lexical processing
(especially of difficult words) combined with a diminishing reliance on later-stage reanalysis.
Part of the reason for this strategy may be the fact that it potentially minimizes the need for
time-consuming reprocessing. More fundamentally, it may be concluded that successful word
recognition is prioritized because it is the necessary precondition to achieve even basic
comprehension. In any case, it appears that the efficient lexical access observed in L2 readers

consumes a significant proportion of their cognitive capacity (Morishima, 2013; Nisbet et al.,
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2021), leaving insufficient resources for the subsequent integration of information into a
coherent text representation.

To achieve a more complete description of reader’s adjustments in response to increased
speeds, the relative position of each word within its paragraphs was analyzed as a continuous
predictor. The results indicate a consistent decline in fixation probability for words appearing
later in the paragraph, particularly at higher reading speeds. This suggests that readers may be
increasingly challenged to maintain the pace, hampering the acquisition of information from
later parts of the paragraph. Consequently, this dynamic may impede the accessibility of
information from the latter segments of the paragraph, potentially hindering the formation of a
comprehensive situation model.

Yet, the observed comprehension drop appears to stem from more than just increased
reading speed. Although comprehension scores show a consistent downward trend with
increasing speed, comprehension was significantly lower when the line-by-line technique was
introduced, even at speeds close to or below the mean natural reading rate. Given that the speeds
were presented in a randomized order, rather than in ascending order, it can be deduced that
this phenomenon cannot be explained by habituation effects. The finding is further supported
by the observation that individual baseline reading rate did not significantly predict
comprehension under the manipulated conditions. Contrary to the hypothesis that faster
baseline readers would sustain their comprehension longer, as they can maintain their natural
reading rate and reading behavior at a greater number of the manipulated speeds, the results did
not support this prediction. Consequently, factors beyond mere speed must account for the
observed decline in comprehension among L2 readers under the line-by-line manipulation.

In addition to the challenges posed by reading speed, the text manipulation may have
acted as a dual-task situation, thereby imposing further cognitive strain on readers. While they
were required to read the text, their decision on when and where to move their eyes next also
had to consider the location of the highlighted line at any given moment. For the L2 group,
maintaining a consistent reading speed within these boundaries, and therefore ensuring steady
and coherent information acquisition, might have been particularly challenging.

This interpretation is consistent with findings from auditory language processing
research, indicating that distractions or background noise have a greater impact on L2 listeners
compared to L1 controls (Gat & Keith, 1978; for a review of this research, see Lecumberri et
al., 2010). The introduction of an additional focus of sustained attention (or source of
distraction) has been observed to have a particularly detrimental impact on L2 language

processing.
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In summary, findings appear to indicate that while effective lexical access remains
feasible even at elevated speeds, L2 readers encounter difficulties in sustaining comprehension
when reading speed is modulated. Their cognitive resources appear to be fully utilized by
prelexical and lexical processes, impeding effective compensation for accelerated reading

speeds without a significant decline in comprehension.
Comparing L1 and L2 Reading Behavior

The methodological similarity between Experiments 1 and 2 allowed to compare the
impact of reading speed on L1 and L2 readers. The two experiments revealed clear differences
in how L1 and L2 readers adapt to manipulated reading speeds. As could be expected, and
consistent with previous research (e.g., Cop et al., 2015), L2 readers exhibit slower mean
baseline reading rates (197 wpm, SD = 51) compared to L1 readers (273 wpm, SD = 71).

Looking at comprehension, it is interesting that second-language participants initially
demonstrated high comprehension scores in the natural reading condition, with no significant
difference between both groups. Entering the speed task leads to an immediate divergence
between both groups (see Figure /6). While the L1 group is able to maintain their initial level
of comprehension over a wide range of increasing speed conditions, the comprehension rate for
the L2 group starts at a lower level and soon starts to decline quite dramatically with increasing
speed. The differences between groups in the speed condition are all significant (see Appendix
D1 and D2, for the full analysis).

A compelling question emerges from these observations: what potential explanations
exist for the remarkable discrepancy between the text comprehension of L1 and L2 readers
under the speed manipulation? One hypothesis could be that the discrepancy may be attributable
to disparate levels of vocabulary knowledge. Achieving a comprehensive understanding of a
text necessitates familiarity with the vast majority of its lexical elements (Hsueh-Chao &
Nation, 2000). This points to the possibility that L2 readers might have exhibited less successful
word recognition, consequently hindering their ability to attain a high level of comprehension.
However, this idea loses credibility once the remarkably high levels of text comprehension

observed in the baseline condition are considered.
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Figure 16

Effect of reading speed on text comprehension (in %) for L1 and L2 readers (Experiments 1
and 2)
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Note. Error bars represent £1 SE. Not all speed conditions are available for both language
groups, as 180 wpm were not induced for L1 readers and 405 wpm were not induced for L2
readers.

In contrast to L1 readers, who appear to maintain their comprehension by leveraging
more efficient lexical processing (Brysbaert, 2019; Rayner et al., 2016), L2 readers may reach
a critical threshold more rapidly due to the increased cognitive load associated with lower
proficiency and less automatized word recognition (Godfroid, 2019; Perfetti, 2007). These
assumptions are in harmony with research on the auditory processing of language, which
similarly demonstrates the existence of residual cognitive capacity in L1 populations. For
example, Kuperman et al. (2021) report that native speakers are able to process auditory
language input at rates approximately 130% faster than the typical input speed without any
deficits in comprehension. In contrast, L2 populations demonstrate a significant decline in
comprehension when the input rate is increased, irrespective of whether they are medium or
highly proficient speakers (Conrad, 1989). Conrad (1989) suggested that for L2 speakers, the
processing capacity is inadequate to establish syntactic expectations when speech is time-
compressed. Consequently, they experience difficulties in differentiating between relevant and
irrelevant information and in prioritizing content in an effective manner.

Furthermore, the role of individual factors such as word reading efficiency and baseline
reading rate appears to differ between the groups. In the L1 sample, word reading efficiency
predicts not only better comprehension under speed manipulation but also higher baseline
comprehension. In contrast, for L2 readers, although higher word reading efficiency supports
comprehension under accelerated conditions, this advantage does not extend to baseline

performance. The absence of a significant relationship between baseline reading rate and
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comprehension in L2 readers is an additional considerable difference. As discussed above,
reading speed does not seem to be the only factor that changes when the line-by-line
manipulation is implemented. It is quite likely that the method presented additional challenges
to all L2 readers, making baseline reading rate a less critical factor.

Eye movement analyses provide further insight into the differences and similarities
between L1 and L2 readers. As reading speed increased, both groups demonstrated reduced
fixation probabilities and shorter viewing times, indicating a general adaptation in oculomotor
behavior under temporal constraints. At first glance, the adjustments in eye movement patterns
appear quite similar between the two groups; however, a closer examination reveals subtle
differences. A compact overview is provided in Figure 17, which shows the total viewing time
decomposed into first fixation duration, refixation and rereading time for the two groups. As
anticipated based on their notably different natural reading speeds, significant differences were
observed in all three variables in the baseline condition (see Appendix D4 — D8 for ANOVA-
style results and the full models). More intriguing, however, are conditions under which both
groups read at an equivalent overall speed, allowing for a direct comparison of how temporal
resources are allocated. In all selected conditions (225, 270 and 350 wpm), first fixation
durations were consistently shorter for L1 readers than for L2 readers. Both groups exhibited a
slight reduction in first fixation duration as reading speed increased, and the non-significant
interaction suggests that the magnitude of this decrease is comparable across groups. These
findings align with the extant literature, which indicates that lexical access requires more time
for L2 readers than for L1 readers (Nisbet et al., 2021; Siegelman et al., 2024).

Refixation time decreased with higher speeds, and the rate of decline 270 to 350 wpm
appeared to be slightly pronounced among L2 readers compared to L1 readers. But despite
numerical differences, no statistically significant differences in pairwise comparisons emerged
between the groups across the various speed levels, indicating that the additional time required
for lexical access, as measured by refixation time, did not differ substantially. A parallel
dynamic was observed in rereading time, which decreased in both groups, with a greater

reduction from 270 to 350 wpm among L2 readers when compared to their L1 counterparts.



80
Experiment 2

Figure 17

First fixation duration, refixation duration and rereading time as a proportion of total reading
time as a function of speed and language
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Note. Only reading speeds that were induced in both Experiment 1 and Experiment 2 are
presented. The absolute height of the staked bars equals total reading time.

In summary, while both groups demonstrated comparable overall reading speeds, L2
readers exhibited longer total viewing times for the words they fixated. Interestingly, this
discrepancy originated predominantly from the initial phase of word processing, as opposed to
subsequent reanalysis and integration processes’. Both groups showed a tendency to maintain
their natural reading patterns during speed manipulations; however, when these patterns could
not be sustained due to high speeds, the reduction occurred primarily in reanalysis time rather
than in the time allocated for initial lexical processing. This strategy appears effective for L1
readers, as evidenced by their high text comprehension. In contrast, while L2 readers
encountered difficulties integrating the processed information, they relied more heavily on

reanalysis and requiring additional time to achieve comprehension.

7 The increased total viewing times observed among L2 readers can be partly attributed to reduced fixation
probabilities and a tendency to fixate on a smaller number of words towards the end of paragraphs at higher speeds (see
additional analyses reported in chapter 3.3).
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For both groups, lexical benchmark effects, such as those of word frequency and word
length, remain largely robust across conditions. Although they are slightly modulated by
increased reading speed, the differences between L1 and L2 readers are minimal. Both groups
exhibit a reduction in reanalysis for more challenging words at higher speeds, while
demonstrating a tendency for longer first fixations on long or low-frequency words. This finding
suggests that the process of lexical access may operate similarly in both groups. The persistence
of the main effects at elevated speeds indicates that successful word processing continues, even
at high speeds.

Taken together, L1 and L2 readers exhibit remarkably similar oculomotor responses to
reading speed manipulations. However, the discrepancy becomes much more pronounced in
the ultimate outcome of reading: comprehension. As discussed before, the observed large
disparities in text comprehension under increased reading speed between L1 and L2 readers are
presumably attributable to heightened variability in higher-order processing rather than to

challenges in lexical processing.
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4 Experiment 3: Effects of incremental reading speed increase

on lexical access and comprehension monitoring

4.1 Introduction

The natural reading rate of a person is a highly individual characteristic influenced by
multiple factors. External aspects, such as text complexity, reading goals, and task instructions,
play a critical role in determining how quickly and effectively a person reads (see chapters
1.2.2.1 and 2.1). Simultaneously, internal factors, including processing speed and working
memory capacity, contribute significantly to individual differences in the reading rate (Perfetti
& Roth, 1980). While prior research produced (largely correlational) evidence for broad
patterns in such influences, there remains a need for a more systematic exploration of the factors
that distinguish faster from slower readers (Brysbaert, 2019). Particularly, there is a need to
clarify how comprehension and moment-to-moment processing adapt to varying external
demands. Building on the findings from Experiments 1 and 2, which examined the effects of
reading speed manipulation on comprehension and eye movements, Experiment 3 takes a more
individualized approach to address open questions.

In Experiment 1, a fixed-speed approach was employed to systematically vary the speed
of reading, demonstrating a remarkable resilience for L1 reader’s comprehension, when speed
increased. One important aspect in the pattern of results was that participants' natural reading
rate significantly impacted their ability to comprehend texts at accelerated speeds. More
specifically, high natural reading rates predicted better comprehension for higher manipulated
reading speeds. This finding makes perfect sense, given the fact that for the fastest readers in
the sample, the fastest experimental speed (405 wpm) approximated their natural reading rate.
This leads to the question to what extent the results of Experiment 1 may hold, when, instead
of an overall average, the individual reading rate is used as a starting point. Following this logic,
numerically identical increases in reading speed are likely to impose very uneven demands,
when, as an example, the natural reading speed is 200 wpm for one individual and 350 wpm
for another. Consequently, Experiment 3 employed a reading speed manipulation in increments
derived as percentages of the individual baseline rate.

Looking at possible outcomes of an experiment with individualized speed increases, one
hypothesis may suggest that faster readers possess higher levels of reading competence and
flexibility, which may enable them to accommodate increasing reading speeds. Alternatively,

it is possible that these individuals are already reading at or close to their maximum capacity,
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and that accelerating beyond this level could lead to a rather sharp decline in comprehension.
Conversely, slower readers may possess untapped reserves that could be utilized in response to
increased speed. The individualized approach enables a more nuanced investigation into
whether adaptive potential is proportional to baseline rates, and whether slower and faster
readers can achieve analogous adjustments when speed increases are tailored to their natural
rate.

As evidenced by Experiments 1 and 2, valuable insights into reading processes can be
derived from analyzing lexical benchmark effects. These studies demonstrated robust effects of
word frequency and word length under varying speed conditions, underscoring the resilience
of lexical access even when reading rates were substantially increased. While frequency effects
were analyzed based on naturally occurring variations within text materials, this approach,
though informative, has inherent limitations. Textual materials naturally vary not only in the
lexical properties of interest (e.g., word frequency) but also in other correlated factors, such as
word familiarity (frequency of words with the same word length and the same word beginning),
word length, and plausibility. These co-triggered properties may confound the interpretation of
results by introducing variability unrelated to the word frequency or length itself. For instance,
high-frequency words tend to be more familiar and shorter, thereby inflating the observed
effects (Levshina, 2021). The utilization of tightly controlled sentence and text material with
systematically manipulated target words can avoid this problem.

Word frequency effects are a robust phenomenon in reading research, reflecting the
efficiency of lexical access. However, these effects are modulated by task demands and
cognitive engagement. In tasks with reduced cognitive load — such as visual search or mindless
reading — frequency effects on non-target words are diminished (Rayner & Fischer, 1996;
Rayner & Raney, 1996; Reichle et al., 2010; Schad et al., 2012), suggesting that lexical
processing is less engaged when comprehension is not the primary objective. Conversely, tasks
that demand deeper cognitive engagement, such as reading for comprehension or proofreading,
amplify frequency effects. For example, Radach et al. (2008) found that frequency effects were
stronger when comprehension questions were answered compared to a simpler word
verification task. Additionally, proofreading tasks — requiring intense attention to orthographic
details — yield even greater frequency effects (Kaakinen & Hyoné, 2010; Schotter et al., 2014).

Studies comparing regular reading with skimming reveal that while first-pass frequency
effects remain relatively stable across different reading goals, later measures such as total
viewing time and rereading probability are attenuated during skimming (Strukelj & Niehorster,

2018; White et al., 2015). Overall, these findings suggest that although the initial stages of
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lexical access are quite robust, the subsequent integrative processes are more susceptible to
demands imposed by the reading task.

In addition to examining lexical effects, plausibility manipulations have emerged as a
valuable approach to investigating real-time semantic processes during reading. Such
manipulations provide insight into how readers detect and resolve inconsistencies within a text.
For example, Rayner et al. (2004) demonstrated that implausible words — those that are unlikely
but not outright incorrect — are associated with prolonged late reading measures, whereas
anomalous words, which are clearly inappropriate in context, elicit immediate disruptions that
are evident even in first-pass reading (see also Staub et al., 2007; Veldre et al., 2020).
Specifically, anomalous words lead to a disruption of lexical processing, while implausible
words tend to produce a more gradual recognition of difficulty that necessitates additional
cognitive effort for integration into the existing semantic framework.

In recent literature, the detection of semantic inconsistencies has been used as a tool to
study the process of comprehension monitoring (see Chapter 1.1.2.1). This higher-order
cognitive process involves the active, ongoing evaluation of whether new information coheres
with one’s existing mental representation of the text, as well as the detection and subsequent
repair of any inconsistencies that arise. Comprehension monitoring is critical for maintaining a
coherent situation model during reading, ensuring that initial propositions are continuously
assessed and, if necessary, reanalyzed or revised to reflect the true meaning of the text (Smith
et al., 2021; Vorstius et al., 2013).

Embedding a plausible versus an implausible word within the context of a previously
introduced action or situation allows us to infer the underlying comprehension monitoring
processes by analyzing moment-to-moment processing dynamics (e.g., Kim et al., 2018). When
encountering a word that appears implausible, readers may initially attempt to construct
meaning from contextual cues before recognizing the incongruity. This process results in
delayed effects, such as increased refixation and overall reading times, as well as higher
regression probabilities. These patterns indicate an ongoing reevaluation process, wherein
readers reassess the sentence to reconcile the detected semantic mismatch. Consequently,
prolonged fixations on implausible words serve as a sensitive indicator of comprehension
monitoring (Baker, 1989; Vorstius et al., 2013).

Rather than relying solely on conventional post-reading comprehension questions —
which have been shown to influence reading behavior, particularly when presented frequently
— comprehension monitoring offers a more direct measure of how semantic inconsistencies are

detected and resolved during reading. By analyzing implicit indicators such as regression
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probability, gaze duration, and total viewing time, a more precise window into ongoing
comprehension processes is obtained.

Prior research has demonstrated that readers with greater cognitive capacities,
particularly higher working memory (WM) capacity, are more adept at detecting and resolving
inconsistencies within a text, owing to their ability to simultaneously maintain and manipulate
larger amounts of information (Long & Prat, 2008; Peng et al., 2018). As a fundamental
domain-general cognitive resource, working memory plays a critical role in integrating new
linguistic input with prior knowledge, thereby enabling the construction of coherent mental
representations of the text. In the context of reading, working memory is essential not only for
activating lexical representations but also for integrating these representations into higher-level
syntactic and semantic structures — a process that becomes particularly demanding when
encountering complex or ambiguous material (Traxler et al., 2012).

Individuals with higher working memory capacity tend to exhibit more efficient lexical
access, as indicated by shorter fixation durations and fewer regressions (Daneman & Carpenter,
1980; Johann et al., 2020). This efficiency has also been associated with smaller frequency
effects, suggesting that high-capacity readers are less challenged by variability in word
frequency (Ashby et al., 2005). Beyond lexical access, WM capacity has been demonstrated to
influence comprehension monitoring (Komori, 2016; Pérez et al., 2016; Tibken et al., 2024).
While in Pérez et al. (2016) inconsistencies in the text were detected regardless of WM capacity,
individuals with higher working memory capacity were able to disengage from an initial
interpretation more quickly and construct a revised situation model with greater efficiency. This
suggests that high-capacity readers may allocate cognitive resources more flexibly, allowing
them to adapt to new information with minimal processing delays. In line with these findings,
individuals who possess a superior WM capacity generally demonstrate an enhanced ability to
manage the demands of dual-tasks, a proficiency that extends to reading comprehension (e.g.,
Azevedo et al., 2022). By measuring WM capacity alongside individualized speed
manipulations, Experiment 3 aims to explore how this cognitive resource interacts with task
demands to shape reading behavior and comprehension. It was hypothesized that individuals
with higher WM capacities would demonstrate greater resilience to speed increases and would
maintain efficient word processing and information integration even under increased demands.

Building on the theoretical foundations and empirical findings of the previous
experiments, Experiment 3 implements an individualized reading speed manipulation in which
participants read at 100%, 125%, and 150% of their personal baseline speed. In addition to this

individualized speed manipulation, the experiment includes tightly controlled lexical
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manipulations by varying word frequency and plausibility. The latter allows comprehension to
be assessed primarily through comprehension monitoring, a method that captures the moment-
to-moment processing of semantic inconsistencies. To further increase the information gain on
inter-individual differences, the effect of baseline reading speed and working memory capacity
on the adaptivity of the reading process was explored.

In summary, this study takes a methodologically refined approach to understanding the
interplay between reading efficiency and comprehension under dynamic conditions. The
anticipated results are expected to elucidate the mechanisms that allow readers to adapt to
external constraints and to inform strategies for improving reading performance in diverse

populations.

4.2 Methodology

Participants

The sample size for the experiment was determined using the means and standard
deviations from Experiment 1, combined with the frequency effects expected on the basis of
White et al. (2015). As White et al. found interactions involving word frequency only in late
measures, total reading time was selected as the dependent variable, as interaction effects
typically require higher statistical power than main effects (Brysbaert & Stevens, 2018). See
supplementary material S3 for the detailed estimates.

Power calculations were conducted using simulation-based methods outlined by Kumle
et al. implemented through the mixedpower package (version 0.1.0) in R (Kumle et al., 2021).
This approach is suitable for estimating power in mixed-effects models with complex designs.
The model incorporated reading speed (baseline, 100%, 125%, 150%), word frequency (high,
low), and their interaction as fixed effects, with random effects for subjects and items. The
simulation results indicated that a sample size of 35 participants provides sufficient power to
detect the main effects of speed and word frequency, as well as their interaction, with a smaller
frequency effect expected at the highest reading speed. The power values for the main effects
of speed and word frequency were 0.97 and 0.99, respectively, while the power for the
interaction was 0.86. This sample size is regarded as adequate in accordance with established
benchmarks in the field of psychological research (Cohen, 1988).

The final sample comprised 41 participants, with an average age of 24.78 years (SD =
10.18) and German as their first language. Of these, 11 identified as male and 30 as female. The

participants were predominantly psychology students from the University of
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Wuppertal/Germany, who received course credits in compensation for their participation
(66%), while the remaining participants did not receive compensation. It was ascertained that

all participants had normal or corrected-to-normal vision.
Materials

The experimental materials comprised 72 items, each consisting of five German
sentences (279-423 words) with a mean word length of 6.02 letters. Each item commenced
with a neutral introductory sentence, followed by a sentence pair designed to manipulate
plausibility and facilitate the measurement of comprehension monitoring. In the second
sentence of each pair, a target word (a noun) was introduced, either plausible or implausible
relative to an event or action expressed in the previous sentence, with a length ranging from
five to ten characters. Target words were controlled for word length, type frequency (frequency
of the word form), lemma frequency (frequency of the infinitive), word beginning familiarity
(sum of the frequency of all words with the same word length and the same three initial letters),
and word beginning regularity (frequency of all words with the same word length and the same
three initial letters). All values had been sourced from the dlexdb database (see Appendix E1
and E2 for statistical comparison between the two types of target words).

In the fourth sentence within each five-sentence item, noun frequency was manipulated,
with target words ranging in length from six to seven characters. High-frequency lemma
occurrences (from the Subtlex database) were set to more than 20 occurrences per million words
(mean = 87.96), while low-frequency lemma occurrences were below four (mean = 1.45).

Counting from the beginning of each line, there were always at least two words in front
of both target words, so that this word was placed as centrally as possible to avoid longer
viewing times due to the word being at the beginning or end of the sentence (e.g., Kuperman et
al., 2010). Each item concluded with a neutral closing sentence. An example paragraph is

presented in Figure 18 (see Appendix F all test stimuli).
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Figure 18
Example paragraph presenting the predictability and frequency manipulation (Experiment 3)

Nach mehreren Monaten Arbeit am Stiick hatte Hannah bald endlich frei. Im
Sommer flog sie dieses Mal nicht zum Strandurlaub nach Portugal. Leider
wurden ihre Fliige/Wdnde gestrichen und sie musste zuhause bleiben.

Die landesilbliche Nahrung/Schwiile hatte sie kdrperlich sowieso nie richtig

vertragen. Sie liberlegte sich, wie sie ihre freie Zeit sinnvoll nutzen

kénnte.

Note. The plausibility manipulation is presented in bold font and the frequency manipulation
underlined for visualization purposes.

In addition, 16 practice items were created, which approximated the structure of the
experimental items. Eight of these were presented prior to the baseline measurement, with the
aim of introducing the general setup. The remaining eight were shown before the first line-by-
line manipulation, with the objective of familiarizing participants with the speed manipulation.

To ensure attentive reading, 16 comprehension questions were placed throughout the
experiment, with four questions per speed condition. The comprehension questions were
designed so that in 50% of cases they were surface-level questions directly based on the text,
while in the other 50% they were more complex and relied on the construction of a situation
model (see Chapter 1.1.2).

The information required for responses was uniformly distributed across different
positions across the text (1st, 2nd, 3rd, or 4th quarter), and none of the questions referenced any
target words. The questions were structured in an open format, with participants providing oral
responses, which were subsequently rated on a point scale from 0 (incorrect), over 1 (partially
correct) to 2 (completely correct).

The assessment of working memory capacity was conducted using the Short Test for
the Measurement of working memory (KAI-N; Lehrl & Balaha, 2001), which evaluates two
core dimensions: processing speed and memory span. The test comprises two tasks:

Processing Speed: Participants are required to read aloud rows of 20 meaningless letters
from four cards as quickly as possible. The fastest reading time across the four trials was used
to determine the processing speed, measured in bits per second (bit/sec).

Memory Span: This test is comprised of two parts. The examiner will read out sequences
of numbers and letters of increasing length in a monotone voice, with an interval of one second

between each sequence. Participants are instructed to repeat these sequences verbally. Testing
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continues until errors are made on two attempts of the same sequence length, with memory span
measured in seconds.

The KAI-N integrates these measures by multiplying processing speed and memory
span to calculate working memory capacity, expressed in bits. This composite measure
represents the participant's maximum conscious information processing ability. The test,
developed for efficiency with a completion time of approximately five minutes, ensures

minimal fatigue effects and demonstrates satisfactory psychometric properties.
Apparatus

Eye movements were recorded using an SR Research EyeLink 1000 eye tracker, with a
sampling rate of 2000 Hz. Participants were positioned at a distance of approximately 80
centimeters from a 21-inch CRT monitor, which had a resolution of 1682 x 1050 pixels and a
refresh rate of 120 Hz. To mitigate the impact of head movements, a chin and forehead rest was
utilized. At this distance, three characters corresponded to approximately one degree of visual

angle.

Procedure

The study, which was approved by the Research Ethics Board of the University of
Wuppertal (SK/AE 230616), collected data in 2023.

Following the completion of the demographic questionnaire and the working memory
test, participants read 22 paragraphs at their regular pace to establish a baseline reading rate.
Utilizing this baseline, their reading speed was then individually augmented, commencing at
the regular speed (100%), followed by a 25% increase, and concluding with a 50% increase.
Within each designated speed condition, participants were required to read 22 paragraphs.

Reading speed was manipulated using the line-by-line technique, as in Experiments 1
and 2. The duration of each line’s highlight was determined by the number of characters in the
line and the average word length in the texts (6.1 letters), ensuring alignment with the target
words per minute rates. The incorporation of the 100% speed condition functioned as a control
to differentiate changes in reading behavior caused by the technique itself from those induced
by increased reading speed. Absent this condition, it would be difficult to ascertain whether the

observed effects resulted from the modified reading format itself or the manipulation of speed.
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Variables

As in Experiment 1 and 2, a number of dependent variables associated with eye
movements during reading were analyzed. For a more detailed description of variables, see
Experiment 1 and for a comprehensive overview, see Inhoff & Radach (1998). Measures used
in this study included fixation probability, first fixation duration, gaze duration, total viewing
time, refixation probability, and regression-in probability.

The primary independent variable was reading speed, which was manipulated across
four levels: the natural reading rate, 100%, 125%, and 150% of the individual baseline speed.
Additionally, the influence of word frequency was examined, with target words being either
high- or low-frequency. A further manipulation involved the plausibility of a second target
word, which was either plausible or implausible within the given context. This design enabled
an analysis of comprehension monitoring by examining variations in viewing times on the
respective target word.

Moreover, the study sought to explore the influence of working memory capacity, as
measured by the KAI-N test (Lehrl & Balaha, 2001), on the reading process and the effects of
increased reading speed. This additional focus provided insights into individual differences that

could moderate the impact of speed manipulations on reading behavior and comprehension.
Statistical considerations

For a comprehensive overview of the statistical considerations pertaining to all

experiments, please refer to Chapter 1.4.4.

4.3 Results

Fixations that were shorter than 80 ms or longer than 600 ms were excluded from the
analysis, representing 3.01% of the total number of fixations. Additionally, observations with
gaze durations exceeding 1,000 ms (0.29%), total reading times above 1,500 ms (0.10%) and
more than six fixations on a word (0.16%) were excluded. The remaining data consisted of
151,381 observations, representing 96.46% of the initial dataset.

The analysis is structured into two primary sections. The first one considers the global
effects of reading speed on overall text processing, providing insights into changes in general
eye movement behavior across speed conditions. Table 9 presents descriptive statistics for all
reported eye movement measures under the varying speed conditions, summarizing how speed

manipulation influenced the reading process on a general level.
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The subsequent section focuses on local effects, analyzing oculomotor behavior with
respect to the specific target words manipulated for frequency and plausibility. These analyses
provide a more nuanced understanding of how lexical and contextual properties interact with
increasing reading speed.

Additionally, exploratory analyses are conducted to evaluate the role of baseline reading
speed and working memory capacity in moderating the observed effects. Here, the focus is on
how individual differences in participants working memory and the natural reading rate
influence both global and local measures of eye movements under varying speed conditions.

To differentiate the effects of the specific levels of speed using general linear mixed-
effects models, backward difference contrast coding was employed. In the initial step, the
individual baseline reading rate was compared to the 100% condition (using the line
highlighting technique at the same speed), followed by a comparison of 100% with 125%, and
finally, 125% with 150%.

Table 9

Descriptive statistics of eye movement measures for the overall text (Experiment 3)

Speed

Baseline 100% 125% 150%

M M M M

(SD) (SD) (SD) (SD)

Fixation probability 75 74 .69 .63
(.43) (.44) (.46) (.48)

First fixation duration (ms) 201 214 209 204
(74) (84) (81) (76)

Gaze duration (ms) 238 256 246 236
(118) (136) (127) (116)

Total reading time (ms) 313 314 281 259
(201) (193) (163) (142)

Refixation probability 18 .19 17 15
(.40) (.39) (.38) (.36)

Regression-in probability 20 .19 16 13

(.01) (.02) (.02) (.02)
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Global analyses for the effect of reading speed on eye movements

The average reading rate at the individual baseline ranged from 131 wpm to 467 wpm
with an average speed of 245 (SD = 45).

A comprehensive summary of all eye movement measures is presented in Table 9.
Figure 19 visualizes the decomposition of total reading time, divided into first fixation duration,
refixation time, and rereading time across the four speed conditions. First fixation duration
remains relatively stable across the speed range, showing only a slight increase between
baseline and the 100% condition. However, it decreases slightly at the higher speeds. A similar
pattern is observed for the refixation time, although the most pronounced changes are in the
rereading time. The baseline condition demonstrates the longest rereading time, which
decreases systematically across the speed increases. The mean number of fixations on a word
reveals a decline in fixation frequency with increasing speeds, particularly for fixations of two
or more, suggesting a systematic pattern (see Figure 20).

GLMMs confirm that all oculomotor measures were significantly influenced by the
reading speed manipulation (see Appendix G1 — G6 for full model specifications and main
effects in Table 10 and Table 11). Initially, fixation and gaze durations were the longest in the
100% condition and subsequently decreased systematically with increasing speed. However,
these changes were numerically modest; for first fixation duration the difference between each
speed condition was approximately 5 ms (or 2% of relative change), with all durations
numerically higher than baseline. Gaze duration showed a 10 ms decrease with each speed
increment (4% of relative change), reaching a value similar to baseline at 150% speed.

Total reading time did not differ significantly between baseline and the 100% speed
condition, but showed a clear and significant reduction at the higher speeds: a decrease of 33
ms between 100% and 125%, and 22 ms between 125% and 150% (11% and 8% of relative
change). Fixation probability showed a slight decrease from baseline to 100% (1%), with more
pronounced decreases of 5% and 6% for the transitions from 100% to 125% and 150%,
respectively. Similarly, refixation probability remained equal between baseline and 100%, but
decreased by 2% with each subsequent speed increment.

As a final variable, the probability that the saccade into the word was an inter-word
regression (originated from a location to the right of the current word) was examined. The
baseline condition showed the highest regression-in rate, which underwent a significant and
continuous decrease across the speed conditions. However, the observed differences between

the baseline and 100% are relatively minor, with a 1% reduction. A slightly more substantial
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reduction occurred between the subsequent two speed increases, with a 3% reduction for each
increase.
Figure 19

First fixation duration, refixation duration and rereading time as a percentage of the total
reading time for the different speed conditions (Experiment 3)
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Exploration of individual differences. In an effort to ascertain the interdependence of
eye movement alterations across subjects at differing speeds, a two-pronged approach was
adopted. Firstly, the baseline reading rate was taken into consideration, and secondly, the
working memory capacity of the subjects was evaluated. A Pearson correlation analysis
revealed a significant positive relationship between reading rate and working memory capacity,
r(39) = .62, p <.001, 95% CI [.616, .623]. This finding suggests the presence of a moderately
strong association, indicating that individuals with higher working memory capacity tend to
read at a faster pace.

For both factors, a binary variable was created using a median split (faster vs. slower
reading rate, and high vs. low working memory capacity). Participants classified as faster
readers (n = 20) had a mean baseline reading rate of 318 wpm (SD = 64.2), whereas slower
readers (n = 21) had a mean of 196 wpm (SD = 32.4). Regarding working memory capacity,
participants with higher scores (n = 21) achieved an average score of 135 (SD = 25.4), while
those with lower working memory capacity (n = 20) had a mean score of 93 (SD = 12).

Baseline reading rate. All oculomotor measures were found to be significantly
influenced by the baseline reading rate (see Appendix G7 — G12 for the full models). Faster
readers demonstrated shorter viewing times, fewer (re)fixations, and fewer regressions-in.
Rather than employing distinct reading strategies, their advantage appears to stem from greater
efficiency across all processing stages (see Figure 21 and Table 10 for ANOV A-style results).

Interactions between the baseline reading rate and speed manipulation were observed
for refixation probability, gaze duration, total viewing time, and regression-in probability. The
interactions for refixation probability revealed a significant difference between the baseline and
the 100% condition, indicating that the baseline reading rate had a stronger influence at the
100% condition compared to the baseline condition (see Figure 21 E). For gaze duration,
interactions emerged in both the first and third speed contrasts. The discrepancy between faster
and slower readers was more pronounced in the 100% condition compared to the baseline
condition, whereas in the 150% condition, this discrepancy was slightly reduced compared to
the 125% condition (see Figure 21 B). In contrast, for total reading time, the influence of
baseline reading rate progressively diminished across all speed contrasts (see Figure 21 C). A
further interaction was observed for regression-in probability. At baseline, slower readers
numerically made more regressions than faster readers. However, with increased speed, this
trend reversed, leading to a significantly stronger reduction in regression-in probability for
slower readers compared to faster readers (see 21 F). As a result, in the manipulated speed

conditions, slower readers ultimately demonstrated a more and more reduced number of
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regressions in comparison to their faster counterparts, even though they maintained a slightly
higher absolute regression frequency.

Overall, there were significant disparities between faster and slower readers in all eye
movement parameters except regression-in (where a similar numerical trend was observed).
However, these differences were diminished to some extent at higher speeds. This phenomenon
is particularly evident in the stronger adaptation shown by slower readers in the late processing

stages.

Table 10

ANOVA-style summary of eye movement measures as a function of reading speed and baseline
reading rate (Experiment 3)

Measure Factor x2 df p
Fixation probability (%) Speed 721.98 3 <.001
Baseline rate 28.22 1 <.001
Speed: Baseline rate 3.02 3 .39
Refixation probability (%) Speed 46.00 3 <.001
Baseline rate 8.89 1 <.001
Speed: Baseline rate 13.51 3 <.001
First fixation duration (ms) Speed 179.31 3 <.001
Baseline rate 29.63 1 <.001
Speed: Baseline rate 1.41 3 .70
Gaze duration (ms) Speed 176.06 3 <.001
Baseline rate 151.64 1 <.001
Speed: Baseline rate 31.82 3 <.001
Total reading time (ms) Speed 708.31 3 <.001
Baseline rate 183.56 1 <.001
Speed: Baseline rate 155.79 3 <.001
Regression-in (%) Speed 645.74 3 <.001
Baseline rate 1.60 1 21
Speed: Baseline rate 13.02 3 005

Note. Values with p < .05 are presented in bold.
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Figure 21

Effects of reading speed and baseline reading rate on first fixation duration (A), gaze duration
(B), total reading time (C), fixation probability (D), refixation probability (E), regression-in
(F) (Experiment 3)

A B C

w
w
=]

w
o
=]
w

a

o

—

(=1

300

w
o
=]

250 250 [k

200 z 200 200

First Fixation Duration in ms
Gaze Duration in ms
-
Total Reading Time in ms

baseline 100% 125% 150 % baseline 100% 125% 150 % baseline 100% 125% 150 %

100 50 50

90

P
(=]

40

w
o

80 I I 30

70 pl I I

60

N
o
L]
—
—

20 I I

Fixation Probability (%)
S

Refixation Probability (%)
Regression In probability (%)

50

o
(=]

baseline 100% 125% 150 % baseline 100% 125% 150 % baselne 100% 125% 150 %
Basline Reading Rate fast slow

Note. Error bars represent £1 SE.

Working memory capacity. The impact of working memory capacity on the examined
variables was found to be significant, with the exception of regression-in probability (see Table
11 and Appendix G13 - G18 for the full models). In a manner analogous to the baseline reading
rate, all temporal parameters were found to be significantly shorter for participants with high
WM capacity. These individuals also exhibited a reduced number of fixations and refixations
in comparison to those with lower working memory capacity. Additionally, while the effect did
not reach statistical significance, a numerical trend suggests that individuals with higher
working memory capacity tended to make fewer regressions across all speed conditions. A
visual representation of these effects is provided in Figure 22. Furthermore, significant
interactions between speed manipulation and WM capacity were observed for fixation

probability and total reading time (see Figure 22 C and D). The difference in fixation probability
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between the high and low working memory capacity groups was significantly smaller in the
125% condition compared to the 100% condition. Similarly, for total viewing time the
difference between the two groups was more pronounced in the 125% condition than in the
150% condition.

Overall, a trend emerges suggesting that differences between the two groups diminish
at higher reading speeds, similar to the pattern observed for the baseline reading rate. Notably,
the primary finding underscores the substantial impact of WM capacity on eye movement
behavior, suggesting that individuals with higher working memory capacity process texts more

efficiently across all conditions.

Table 11

ANOVA-style summary of eye movement measures as a function of reading speed, word length
and working memory capacity (Experiment 3)

Measure Factor v df p
Fixation probability (%) Speed 699.51 3 <.001
Working memory 7.00 1 <.001

Speed: Working memory 49.36 3 <.001

Refixation probability (%) Speed 45.91 3 <.001
Working memory 5.24 1 .02
Speed: Working memory 3.56 3 31
First fixation duration (ms) Speed 179.32 3 <.001
Working memory 29.63 1 <.001
Speed: Working memory 1.41 3 .70
Gaze duration (ms) Speed 176.83 3 <.001
Working memory 33.43 1 <.001
Speed: Working memory 4.74 3 .19
Total reading time (ms) Speed 705.89 3 <.001
Working memory 29.74 1 <.001
Speed: Working memory 8.08 3 004
Regression-in (%) Speed 651.44 3 <.001
Working memory 1.95 1 .16
Speed: Working memory 0.31 3 .96

Note. Values with p < .05 are presented in bold.
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Figure 22

Effects of reading speed and working memory capacity on first fixation duration (4), gaze
duration (B), total reading time (C), fixation probability (D), refixation probability (E),
regression-in (F) (Experiment 3)
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Local analyses for the effects of reading speed on eye movements

Local analyses were conducted to examine specific word-level processing mechanisms.
To this end, the frequency and predictability of manipulated target words were computed to
determine the nature of lexical processing and higher-order information integration during
reading at increased speeds. These analyses exclude cases in which blinks occurred on the
critical word, affecting 8.45% of cases for the frequency targets and 8.21% for the plausibility

targets.

Word frequency effects
The full GLMM results detailing the effects of word frequency are presented in
Appendix G19 — G24. The ANOVA-style results (see Table 12) indicate a significant main
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effect of word frequency across all measures, with the exception of regression-in probability.
Low-frequency words were fixated and refixated more frequently and resulted in longer
viewing times.

Additionally, a main effect of speed was observed for fixation probability, gaze
duration, and total reading time. As was reported in the global analyses, higher reading speeds
led to lower fixation probabilities, shorter gaze durations and total reading times.

A notable interaction between reading speed and word frequency was identified for total
reading time. As demonstrated in Figures 23 C and 24 C, the frequency effect exhibited a slight
reduction at higher speeds but remained discernible even at 150% of the natural reading rate.
This finding underscores the robustness of lexical processing under accelerated reading
conditions. However, under the increasing constraints of faster speed, readers are forced to limit

processing time, especially for more difficult words.

Table 12

ANOVA-style summary of eye movement measures as a function of reading speed and word
frequency (Experiment 3)

Measure Factor Y2 df P
Fixation probability (%) Speed 25.61 3 <.001
Frequency 21.03 1 <.001
Speed: Frequency 1.97 3 .58
Refixation probability (%) Speed 4.2 3 24
Frequency 16.61 1 <.001
Speed: Frequency 1.49 3 .69
First fixation duration (ms) Speed 5.07 3 17
Frequency 26.23 1 <.001
Speed: Frequency 1.36 3 12
Gaze duration (ms) Speed 7.96 3 .04
Frequency 47.34 1 <.001
Speed: Frequency 4.79 3 0.19
Total reading time (ms) Speed 44.09 3 <.001

Frequency 58.41 1 <.001
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Measure Factor Y2 df p
Speed: Frequency 11.51 3 009
Regression-in (%) Speed 9.12 3 .03
Frequency 2.27 1 13
Speed: Frequency 2.54 3 47

Note. Values with p < .05 are presented in bold.

Exploration of individual differences. While the preceding sections were focused on
main effects of word frequency, baseline reading rate, and working memory capacity on a
global level, the following sections will focus on potential interactive effects. In this context it
is of particular interest whether participants with high baseline reading rates and high working
memory capacity exhibit larger or smaller overall frequency and predictability effects,
especially at increased reading speeds.

Baseline reading rate. Table 13 shows the ANOVA-style results for a model including
word frequency and the baseline reading rate as predictors (see Appendix G25 — G30 for the
full models). A visual representation of these effects is presented in Figure 23.

Substantial interaction effects were identified for gaze duration, total reading time, and
regression-in probability. Specifically, an interaction between word frequency and baseline
reading rate was identified for gaze duration, suggesting that individuals with slower reading
speeds showed larger frequency effects compared to those with faster reading speeds (see
Figure 23 B). However, this effect remained stable across different reading speeds, as evidenced
by the non-significant three-way interaction.

For total reading time, three significant interaction effects were observed. Consistent
with the findings for gaze duration, the frequency effect was more pronounced for slower
readers and was particularly strong at lower reading speeds. Furthermore, a notable three-way
interaction indicated that the frequency effect diminished specifically when reading speed
increased from 100% to 125% for participants with a lower baseline reading rate (see Figure
23 C). A similar three-way interaction was identified in the regression-in probability analysis.
At the baseline level, low-frequency words were more likely to be targeted by regressions for
slower readers. However, this effect diminished in the 100% speed condition.

Overall, the frequency effects were consistently observed across all readers and reading
speeds, with a slight numerical reduction in the 125% speed condition. Potential explanations

for this attenuation are addressed in the discussion. The finding that slower readers exhibited
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stronger frequency effects, particularly in later processing stages, suggests greater difficulty in
processing low-frequency words.
Table 13

ANOVA-style summary of eye movement measures as a function of reading speed word
frequency, and baseline reading rate (Experiment 3)

Measure Factor Y2 df p
Fixation probability Speed 24.37 3 <.001
Frequency 19.96 1 <.001
Baseline rate 13.52 1 <.001
Speed: Frequency 2.67 3 44
Frequency: Baseline rate 0.09 1 76
Speed: Frequency: Baseline rate 9.99 6 A3
Refixation probability Speed 3.99 3 26
Frequency 14.56 1 <.001
Baseline rate 4.36 1 .04
Speed: Frequency 1.24 3 74
Frequency: Baseline rate 2.19 1 14
Speed: Frequency: Baseline rate 8.01 6 23
First fixation duration Speed 5.59 3 A3
Frequency 26.28 1 <.001
Baseline rate 5.51 1 .02
Speed: Frequency 1.36 3 71
Frequency: Baseline rate 0.21 1 .65
Speed: Frequency: Baseline rate 6.14 6 48
Gaze duration Speed 7.89 3 0.05
Frequency 49.63 1 <.001
Baseline rate 38.79 1 <.001
Speed: Frequency 5.18 3 .16
Frequency: Baseline rate 8.57 1 .003

Speed: Frequency: Baseline rate 10.07 6 12
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Measure Factor Y2 df )%
Total reading time Speed 44.13 3 <.001
Frequency 57.63 1 <.001
Baseline rate 51.72 1 <.001
Speed: Frequency 9.98 3 .02
Frequency: Baseline rate 5.53 1 .02
Speed: Frequency: Baseline rate 14.65 6 .02
Regression-in probability  Speed 9.44 3 .03
Frequency 2.58 1 A1
Baseline rate 0.10 1 75
Speed: Frequency 2.53 3 47
Frequency: Baseline rate 0.11 1 74
Speed: Frequency: Baseline rate 13.14 6 .04

Note. Values with p < .05 are presented in bold.
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Figure 23

Effects of reading speed, word frequency and working memory capacity on first fixation
duration (A), gaze duration (B), total reading time (C), fixation probability (D), refixation
probability (E), regression-in (F) (Experiment 3)
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Working memory capacity. Building on the previously reported main effects, the focus
in this section is on interactions with WM capacity. Significant interactions were observed for
fixation probability, refixation probability, gaze duration, and regression-in (see Table 14 for
ANOVA-style results and Appendix G31 — G36 for the full models).

For refixation probability and gaze duration, a significant interaction between word
frequency and WM capacity emerged (see Figure 24 B and 24 E). In both cases, the frequency
effect was more pronounced in the low WM capacity group, indicating greater processing
difficulty for low-frequency words in this group.

Fixation probability showed a significant three-way interaction; while a clear
plausibility effect is visible for all other speeds (see Figure 24 D), no such effect emerged for
participants with low WM capacity in the 125% speed condition.

A three-way interaction was also observed for regression-in probability, with a
significant difference between the 100% and 125% speed conditions. In the faster condition,
readers with high working memory capacity exhibited stronger word frequency effects. In
contrast, for readers with low working memory capacity, low-frequency words demonstrated a
numerically reduced likelihood of being the target of a regression.

The findings indicate an association between elevated working memory capacity and
reduced reanalysis, particularly in the context of processing complex vocabulary. However,
robust frequency effects were observed in both groups and remained largely stable across

different reading speeds.
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Table 14

ANOVA-style summary of eye movement measures as a function of reading speed, word
frequency and working memory capacity

Measure Factor x2 df P

Fixation probability Speed 21.94 3 <.001
Frequency 17.4 1 <.001
Working memory 2.45 1 A2
Speed: Frequency 2.61 3 46
Frequency: Working memory 0.38 1 .54
Speed: Frequency: Working 23.42 6 <.001
memory

Refixation probability Speed 3.44 3 33
Frequency 15.36 1 <.001
Working memory 7.59 1 .006
Speed: Frequency 1.31 3 73
Frequency: Working memory 4.82 1 .03
Speed: Frequency: Working 10.63 6 .10
memory

First fixation duration (ms) Speed 5.24 3 15
Frequency 26.32 1 <.001
Working memory 32.62 1 <.001
Speed: Frequency 1.23 3 74
Frequency: Working memory 2.11 1 15
Speed: Frequency: Working 10.1 6 12
memory

Gaze duration (ms) Speed 7.89 3 0.05
Frequency 47.23 1 <.001
Working memory 13.69 1 <.001
Speed: Frequency 4.59 3 20
Frequency: Working memory 6.43 1 .01
Speed: Frequency: Working 12.17 6 .06

memory
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Measure Factor 12 df P

Total reading time (ms) Speed 42.66 3 <.001
Frequency 56.74 1 <.001
Working memory 18.15 1 <.001
Speed: Frequency 9.69 3 .02
Frequency: Working memory 3.34 1 .06
Speed: Frequency: Working 8.04 6 24
memory

Regression-in probability ~ Speed 8.93 3 .03
Frequency 2.49 1 A1
Working memory 0.2 1 .65
Speed: Frequency 2.53 3 .84
Frequency: Working memory 0.04 1 .84
Speed: Frequency: Working 14.48 6 .02

memory

Note. Values with p < .05 are presented in bold.
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Figure 24

Effects of reading speed, Word frequency and working memory capacity on first fixation
duration (A), gaze duration (B), total reading time (C), fixation probability (D), refixation
probability (E), regression-in (F) (Experiment 3)

A B
450 450
m
£ 40 — 400
c (2]
i) E
® 350 £ 350
E] is]
o E
< 300 5 300
2 a
g 8
= 250 250
™ ©
- o
2
iT 200 200
baseline 100 % 125 % 150 % baseline 100 % 125 % 150 %
Speed Speed
C D
450 100
’J;- —_
£ 400 £ 90
o 2
E 350 5
= w 80
o o
c []
= 300 i~
= o
3 c 70
= 250 =
2 X 60
L
F 200
50
baseline 100 % 125 % 150 % baseline 100 % 125 % 150 %
Speed Speed
E F
50 50
e
9; 40 — 40
E=l c
g 30 < 3
o o
<} =]
O @
c 20 o 20
2 2
[}
.;.: 10 « 10
o
0 0
baseline 100 % 125 % 150 % baseline 100 % 125 % 150 %
Speed Speed

Word Frequency & Working Memory Capacity

. High FRQ, High WMC . Low FRQ, High WMC . High FRQ, Low WMC - Low FRQ, Low WMC

Note. Error bars represent £1 SE.



108
Experiment 3

Plausibility effects as an indicator of comprehension monitoring

The local analysis of plausibility effects offers insight into semantic processing,
particularly the integration of meaning across events or actions described in consecutive
sentences. The manipulation of plausibility (relative to an expression in the prior sentence) is
intended to yield an index of comprehension monitoring, i.e., the degree to which a consistent
representation of meaning is maintained. The full LMM models that substantiate these findings
can be located in Appendix G37 - G42, for ANOV A-style results see Table 15.

All measures except refixation probability showed a significant effect of plausibility,
with longer viewing times, more fixations, and regressions into the target word. Furthermore, a
significant interaction indicated that the longer total reading times for implausible words were
especially pronounced in the baseline condition. Higher reading speeds and plausible words
were associated with shorter total viewing times, while the plausibility effect was more
prominent in the baseline condition compared to the 100% speed manipulation (see Figure 25
C and Figure 26 C).

The analysis of fixation probability revealed significant main effects of both plausibility
and reading speed, without a significant interaction. Specifically, words characterized by low
plausibility and slower reading speeds exhibited an increased probability for fixation, although
the plausibility effect remained statistically consistent across different speed manipulations.

A similar pattern was observed for refixation probability, with plausible words resulting
in fewer refixations; however, no significant effect of reading speed on refixation probability
was detected. The regression-in probability analysis yielded significant main effects for both
variables, with more incoming regressions observed for implausible words and fewer for
increased speeds.

An examination of Figure 25 or Figure 26 (comparing the light with the dark bars)
reveals an intriguing suppression of plausibility effects in the 100% speed condition. For several
parameters the effects are numerically small and only significant for refixation frequency and
regression-in. This pattern may indicate an adjustment in processing strategy, with an initial
priority on maintaining basic word processing at the prescribed reading speed and a subsequent
shift of focus towards higher-order comprehension processes as participants adapt to the altered
reading conditions.

Taken together, these findings suggest that plausibility effects remain robust across
different reading speeds, with some attenuation in faster reading conditions, particularly in late-

stage processing measures such as total viewing time.



109
Experiment 3

Table 15

ANOVA-style summary of eye movement measures as a function of reading speed and
plausibility (Experiment 3)

Measure Factor v df p
Fixation probability Speed 19.6 3 <.001
Plausibility 3.88 1 .05
Speed: Plausibility 6.07 3 10
Refixation probability Speed 1.54 3 .67
Plausibility 3.20 1 .07
Speed: Plausibility 6.50 3 .09
First fixation duration Speed 1.29 3 .73
Plausibility 4.82 1 .03
Speed: Plausibility 0.26 3 97
Gaze duration Speed 2.79 3 42
Plausibility 6.42 1 .01
Speed: Plausibility 2.95 3 40
Total reading time Speed 27.37 3 <.001
Plausibility 60.38 1 <.001
Speed: Plausibility 18.87 3 <.001
Regression-in Speed 23.13 3 <.001
Plausibility 25.04 1 <.001
Speed: Plausibility 0.97 3 81

Note. Values with p < .05 are presented in bold.
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Exploration of individual differences. Given that the main effects of plausibility and
speed, along with their respective interactions, have been outlined above, the following sections
will direct their attention exclusively to the effects of baseline reading speed and working
memory capacity, with a particular emphasis on significant interactions.

Baseline reading rate. In alignment with the findings observed for frequency target
words, baseline reading rate showed a significant main effect on the plausibility target for all
eye movement measures (see Table 16 for ANOV A-style results and Appendix G43 - G48 for
the full models). The visual representation of these effects can be seen in Figure 25.

However, the analysis revealed significant interactions for total viewing time (see
Figure 25 C). There was a significant interaction between speed and plausibility, as described
in the previous section. In addition, total viewing time showed a significant interaction between
plausibility and baseline reading rate, indicating that participants with lower baseline reading
rates showed larger plausibility effects. This was especially evident at the 100% condition in
comparison to the baseline, where faster readers exhibited a reduced predictability effect, as
indicated by a significant three-way interaction. Nevertheless, robust plausibility effects were
observed, which remained largely stable across different reading speeds and baseline reading
rates. In particular, slower reading was associated with an increased need for reanalysis when
encountering implausible words, suggesting a greater effort to integrate them into context. As
reading speed increased, the time spent reanalyzing semantic inconsistencies decreased,
resulting in shorter but still present reprocessing periods — even at the highest speed condition

of 150% for both faster and slower readers.

Table 16

ANOVA-style summary of eye movement measures as a function of reading speed, plausibility
and baseline reading rate (Experiment 3)

Measure Factor Y2 df )%
Fixation probability Speed 18.45 3 <.001
Plausibility 3.36 1 .06
Baseline rate 7.52 1 006
Speed: Plausibility 4.94 3 18
Plausibility: Baseline rate 0.01 1 .93
Speed: Plausibility: Baseline rate 5.15 6 52
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Measure Factor x2 df )%
Refixation probability Speed 1.54 3 .67
Plausibility 3.24 1 .07
Baseline rate 10.75 1 001
Speed: Plausibility 6.39 3 .09
Plausibility: Baseline rate 0.02 1 .88
Speed: Plausibility: Baseline rate 6.97 6 32
First fixation duration Speed 1.39 3 71
Plausibility 4.85 1 .03
Baseline rate 48.12 1 <.001
Speed: Plausibility 0.24 3 97
Plausibility: Baseline rate 0.90 1 34
Speed: Plausibility: Baseline rate 6.38 6 38
Gaze duration Speed 2.71 3 44
Plausibility 6.48 1 .01
Baseline rate 46.47 1 <.001
Speed: Plausibility 2.96 3 40
Plausibility: Baseline rate 1.19 1 27
Speed: Plausibility: Baseline rate 2.46 6 .87
Total reading time Speed 26.36 3 <.001
Plausibility 64.31 1 <.001
Baseline rate 64.87 1 <.001
Speed: Plausibility 20.63 3 <.001
Plausibility: Baseline rate 6.91 1 .008
Speed: Plausibility: Baseline rate 13.63 6 .03
Regression-in Speed 22.25 3 <.001
probability Plausibility 25.06 1 <.001
Baseline rate 0.36 1 .55
Speed: Plausibility 1.05 3 .79
Plausibility: Baseline rate 0.45 1 .50
Speed: Plausibility: Baseline rate 4.32 6 .63




112
Experiment 3

Figure 25

Effects of reading speed, plausibility and baseline reading rate on first fixation duration (A),
gaze duration (B), total reading time (C), fixation probability (D), refixation probability (E),
and regression-in (F) (Experiment 3)
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Working memory capacity. Working memory capacity was significantly associated
with all eye movement measures examined, except for the probability of regressing into the
word (see Figure 26 and previously reported results for global analyses). Additionally, GLMMs
revealed significant interactions for refixation probability and total reading time (see Table 17
for ANOVA-style results and Appendix G49 — G54 for the full models).

Total reading time showed only the previously reported interaction between speed and
plausibility, with no direct interaction with WM capacity. However, a three-way interaction
emerged for refixation probability: individuals with high WM capacity exhibited fewer
refixations in the baseline condition compared to the 100% speed condition for plausible words.
In addition, they refixated significantly less at 125% speed than at 100% speed (see general
plausibility effects).

As discussed above, the 100% speed condition seems to be a somewhat special case in
which plausibility effects are far less visible. This phenomenon was particularly pronounced
for individuals with high WM capacity, especially when comparing the 100% to the baseline
condition. They appeared to execute many additional refixations at 100% speed even for

plausible words, resulting in a reduced plausibility effect in the initial word processing stage.

Table 17

ANOVA-style summary of eye movement measures as a function of reading speed, plausibility
and working memory capacity (Experiment 3)

Measure Factor x? df p

Fixation probability Speed 17.94 3 <.001
Plausibility 3.36 1 .07
Working memory 4.73 1 .03
Speed: Plausibility 4.66 3 .20
Plausibility: Working 0.45 1 .50
memory
Speed: Plausibility: Working 13.61 6 .03

memory
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Measure Factor X df p

Refixation probability Speed 1.95 3 .58
Plausibility 2.14 1 14
Working memory 13.25 1 <.001
Speed: Plausibility 6.15 3 .10
Plausibility: Working 0.32 1 57
memory
Speed: Plausibility: Working 14.9 6 .02
memory

First fixation duration (ms) Speed 1.31 3 73
Plausibility 4.84 1 .03
Working memory 11.07 1 <.001
Speed:Plausibility 0.24 3 97
Plausibility: Working memory 0.52 1 47
Speed:Plausibility: Working 2.92 6 .82
memory

Gaze duration (ms) Speed 2.69 3 44
Plausibility 6.28 1 .01
Working memory 14.97 1 <.001
Speed: Plausibility 2.78 43
Plausibility: Working 0.41 1 52
memory
Speed: Plausibility: Working 591 6 43
memory

Total reading time (ms) Speed 26.00 3 <.001
Plausibility 60.52 1 <.001
Working memory 22.58 1 <.001
Speed: Plausibility 19.07 3 <.001
Plausibility: Working 3.66 1 .06
memory
Speed: Plausibility: Working 10.62 6 10
memory

Regression-in probability ~ Speed 22.13 3 <.001
Plausibility 24.54 1 <.001
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Measure Factor x2 df
Working memory 0.08 77
Speed: Plausibility 1.02 .79
Plausibility: Working 0.04 .85
memory
Speed: Plausibility: Working 5.30 Sl

memory

Note. Values with p < .05 are presented in bold.
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Figure 26

Effects of reading speed, plausibility and Working memory capacity on first fixation duration
(A), gaze duration (B), total reading time (C), fixation probability (D), refixation probability
(E), regression-in (F) (Experiment 3)
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Supplementary analyses

Comprehension. The primary focus of this experiment was on plausibility as an online
indicator of comprehension monitoring. During the experiment, comprehension questions were
also used to ensure reading for understanding but the number of questions was kept at a
minimum. Due to the low number of items, the following results should be regarded with
caution, even though they point to some interesting trends. While the numerically highest
comprehension scores were observed in the baseline condition (see Table 18), the differences
compared to manipulated speeds were not significant. This observation held when comparing
individual speed increments but also in pairwise comparisons between each manipulated speed
and the baseline (see Appendix G55 and G56). Apparently, skilled readers can maintain a
relatively constant level of comprehension within the limits of 150 percent relative to baseline
speed.

When individual differences were included in the model, baseline reading rate was not
found to be a significant predictor of comprehension. In contrast, working memory capacity
demonstrated a clear association with comprehension (see Figure 27), with participants who
had higher working memory capacity achieving superior comprehension scores. Although the
interaction did not reach statistical significance, the observed trend suggests that the advantage
of high working memory capacity becomes particularly pronounced at elevated reading speeds.
Table 18

Descriptive statistics of comprehension scores (Experiment 3)

Measure Speed
Baseline 100% 125% 150%
M M M M
(SD) (SD) (SD) (SD)
Comprehension (in %) 73.2 71.0 70.4 66.2

(21.8) (18.2) (20.3) (19.0)
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Figure 27

Effect of reading speed on text comprehension (Experiment 3)
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Distribution of fixations in the paragraph. As in Experiments 1 and 2, it was
additionally examined whether fixation probability significantly varies with the position of a
word within the paragraph and whether this effect interacts with reading speed. Fixation
probability was modeled as a function of continuous word position within the paragraph and
reading speed (see Table 19 for ANOVA-style results and Appendix G57 for the full model).
For visualization purposes, paragraphs were divided into four equal sections, and fixation
probabilities were averaged across these bins (see Figure 28).

The results revealed significant main effects of reading speed and word position. As
expected, fixation probability decreased with increasing speed. The effect of word position was
also significant, but notably small: words occurring later in the paragraph were associated with
slightly higher fixation probabilities. Importantly, the trend observed in Experiments 1 and 2 —
namely, elevated fixation probability for the initial portion of the paragraph — did not emerge
in this experiment (see Figure 28).

No interaction between speed and word position was found, indicating that the influence
of word position on fixation probability did not vary systematically across speed conditions. In
line with Experiment 1, these results suggest that, even under conditions of speed manipulation,

a continuous reading flow was maintained in the present L1 sample.
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Figure 28

Effect of reading speed and position within the paragraph (visualized in four sections) on
fixation probability (Experiment 3)
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Table 19

ANOVA-style summary of fixation probability as a function of reading speed and word position
in the paragraph (Experiment 3)

Factor x2 df P
Speed 80.09 3 <.001
Word position in the paragraph 2.84 1 <.001
Speed*Word position in the paragraph 0.84 3 24

Note. Values with p < .05 are presented in bold.

4.4 Discussion

The present experiment investigated how incremental increases in reading speed —
specifically at 100%, 125%, and 150% of each participant’s natural baseline — affect both
lexical processing and comprehension monitoring. Employing the line-by-line reading
paradigm, the study sought to isolate the effects of proportional speed manipulation on global
reading behavior as well as on local processing of target words that varied in word frequency
and plausibility. Exploratory analyses were also conducted to examine individual differences

in the baseline reading rate and working memory capacity.
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Effect of reading speed on global moment-to-moment processing

Utilizing a manipulated speed condition that matches each participant's natural reading
rate allows for the isolation and observation of potential intrinsic effects of the line-by-line
technique. At the global level, the 100% speed condition revealed a subtle shift in reading
strategy: first-pass reading times increased slightly, while the number of (re)fixations and
regressions decreased. Interestingly, this suggests that the line-by-line method promotes a more
linear reading strategy, emphasizing initial word processing and reducing the need for
reanalysis.

This finding is further supported by the comparison of frequency and plausibility effects
between the baseline and the 100% speed condition. While both effects remained largely
consistent under the line-by-line manipulation, the strength of the effects decreased for total
reading time. This indicates a reduction not only in global reanalysis but also in cases where
participants respond to difficult or contextually challenging words. The line-by-line method
appears to encourage a more streamlined reading approach, prioritizing pace maintenance over
attempts to re-analyze questionable words or expressions. As the frequency and especially
predictability effects become more pronounced again at higher speed conditions, it is plausible
to assume that participants initially need time to adapt to the manipulation. This adaptation
process may lead to a temporary reduction in top-down influences and a shift toward more
automatic processing, which may be less influenced by the specific characteristics of words
within the text context.

With each 25% increment in prescribed reading speed, fixation probability and viewing
times systematically decreased in the global analyses. However, early processing measures
(e.g., first fixation and gaze durations) remained relatively stable, even at 150% of the natural
reading rate. Higher reading speeds were achieved by a combination of lower fixation
probabilities, fewer refixations on the current word, and — most importantly — less re-reading.
On the other hand, the reduction in regressions was smaller than could have been expected,
with 13% of saccades still moving against the reading direction at the highest speed. This
indicates that readers remained engaged, continued to respond to reading difficulties, and
attempted to resolve comprehension challenges (Just & Carpenter, 1987; Reichle et al., 2009).

Further evidence of this conclusion is provided by supplementary analyses, which
demonstrate that participants viewed all parts of the paragraph, even at high speeds. While
fixation probability decreased overall with increasing speed, this reduction was not more
pronounced in specific areas within a page or text, such as the final quarter. Apparently, readers

maintained the required pace and continued to fixate words consistently throughout the entire
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text, within the full range of required speed. Unlike Experiment 1, there was no increased
fixation probability in the beginning of a paragraph. Potential explanations for this difference

are discussed in Chapter 5.
Effect of reading speed on local moment-to-moment processing

To further investigate the question whether word processing at the local level remains
intact, frequency effects were analyzed for carefully selected target words. Low-frequency
words consistently elicited significantly longer viewing times and a greater number of
(re)fixations compared to high-frequency words. Although the magnitude of the frequency
effect diminished for total viewing time at higher speeds, it remained constant for initial fixation
duration, indicating that first-pass word processing remained remarkably resilient.

These findings demonstrate that, in contrast to tasks in which comprehension plays a
subordinate role (e.g., Reichle et al., 2010; Schad et al., 2012), lexical processing mechanisms
remain highly engaged even under increased reading speed demands. However, later processing
stages, as indicated by total viewing time, are clearly more compromised by constraints on
reading speed. A similar pattern has been observed in skimming, where frequency effects are
still evident in early stages of processing but become substantially reduced in later stages
(Strukelj & Niehorster, 2018; White et al., 2015). This suggests that, when reading speed
demands become critical, core lexical processing is preserved, while sacrificing investment into
higher order processing on the sentence or passage level.

To assess whether the monitoring of comprehension — particularly across subsequent
sentences — persists at higher speeds, plausibility was manipulated. The difference between
plausible and implausible words served as an index of sensitivity for complex semantic
relations, reflecting the degree to which a consistent representation of meaning is maintained.
Implausible words were associated with prolonged gaze durations and total viewing times,
indicating that responses to inconsistencies either took the form of prolonged word viewing or
re-inspection. Significant interactions between plausibility and reading speed showed that the
plausibility effect was the strongest in the baseline condition and decreased at higher speeds
(see the argument above about sacrificing higher order processing). However, even at the
highest speed, a significant plausibility effect remained evident.

The observed reduction in total viewing time for implausible words at higher speeds can
be interpreted from two complementary perspectives. According to the comprehension
monitoring approach, larger processing differences between plausible and implausible words

typically indicate successful semantic integration, as readers detect inconsistencies and allocate
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additional time to resolve them (Baker, 1989; Vorstius et al., 2013). The diminished plausibility
effect at higher speeds could be indicative of readers' frequent failure to recognize
inconsistencies altogether under time pressure. Considering Kintsch's (1988) construction-
integration model, this would imply that while the initial text representation may still be
constructed, the increased demands of faster reading prevent the formation of a coherent
situation model. Consequently, semantic anomalies may no longer elicit the same level of
reprocessing, indicating a breakdown in deeper comprehension.

Alternatively, the reduction in viewing time differences might not stem from a failure
to detect inconsistencies but rather from a strategic adjustment in how readers respond to them.
Skilled readers have been shown to prioritize key information and bypass less critical details,
thereby reducing the need for extensive reanalysis (Ashby et al., 2005). This interpretation is
supported by the findings of Pérez et al. (2016), who distinguished between the detection of
inconsistencies (evaluation) and their resolution (revision). According to their argument, skilled
readers possess a higher degree of flexibility in updating their mental models when confronted
with incongruent information, thereby requiring less time for revision. Supporting this
efficiency-based account, recent research on scanpath regularity has shown that readers with
good comprehension tend to exhibit similar and structured eye movement patterns,
characterized by more streamlined reading and fewer regressions (Méziere et al., 2024). In this
light, the observed reduction in total viewing time could reflect readers' ability to recognize
inconsistencies while allocating fewer resources to their resolution, as these inconsistencies are
deemed non-essential for maintaining comprehensive understanding.

These perspectives, while not mutually exclusive, illuminate distinct facets of the
reading process under time constraints. The Cognitive Load Theory (Sweller, 2011) offers a
unifying explanation: as reading speed increases, cognitive resources are reallocated to
maintain efficiency, potentially at the expense of deeper processing. Consequently, the
reduction in plausibility effects at higher speeds may reflect both a trade-off between efficiency
and depth of processing and an adaptive strategy to prioritize essential information under time
constraints.

In addition to employing comprehension monitoring as a primary measure of higher-
order processing, comprehension questions were administered intermittently throughout the
experiment providing a secondary index of reading for understanding. These questions were
deliberately presented infrequently to avoid too much focus on deliberate reading for detail,
which could be assumed to artificially boost monitoring (see Radach et al., 2008, for subtle

effects of comprehension questions); nonetheless, the resulting comprehension scores offer a
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reasonable proxy for overall text comprehension. It is important to note that the comprehension
questions were intentionally designed not to directly target the manipulated words, thereby
avoiding confounding influences on the underlying processing.

Results indicate that reading speed does not significantly affect comprehension, which
remains relatively stable even at elevated speeds. In fact, general comprehension remains robust
even at 150% of the natural reading speed, despite a reduction in the magnitude of the specific
comprehension monitoring effects. Notably, this pattern holds across participants regardless of
their individual baseline reading rates — slower and faster readers alike maintain high
comprehension accuracy under time pressure. Critically, this dissociation may suggest that the
reduced sensitivity of online measures to inconsistencies does not necessarily reflect impaired
depth of understanding or a failure to construct a coherent situation model. While the attenuated
plausibility effects could indicate that readers engage less in explicit reprocessing of anomalies,
they may still register inconsistencies without allocating additional resources to resolve them.
Readers may prioritize maintaining textual coherence, possibly by deferring or minimizing the

cognitive cost of resolving minor incongruencies when under time pressure.
Individual differences

The present study examined how individual differences in reading speed and working
memory capacity influence reading behavior and the adaptation to increased reading rates. In
their natural reading, faster and slower readers differ in all eye movement measures, with the
most pronounced differences in late processing. In terms of adaptation to higher speeds,
relatively moderate differences emerged between the two groups. Slower readers exhibited
slightly greater adjustments in gaze duration and total reading time at higher speeds, likely due
to the relative nature of the speed increases requiring larger absolute adaptations®. At baseline
and lower speeds, slower readers engaged in more regressions, but this difference disappeared
at 150%, suggesting that both faster and slower readers rely on regressions as a core mechanism
for successful reading, even under challenging conditions. Slower readers may use regressions
to guarantee confidence in processing, while at higher speeds, the criterion for successful

processing may relax, allowing for greater uncertainty.

8To illustrate this point, consider the following example: A reader with a slower reading rate, with a mean total
viewing time of 500 ms per word, must reduce their rate by 125 ms to achieve 25% increase in speed. Conversely, a faster
reader, whose baseline total viewing time is 300 ms, has to reduce by 75 ms, to reach a 25% increase. While both readers
undergo the same relative change, the slow reader's adjustment is more pronounced in absolute terms (125 ms vs. 75 ms).
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Individuals reading more slowly also demonstrated stronger frequency effects in both
first-pass reading times and total reading time. This finding suggests that these individuals
require greater processing effort when encountering difficult words and are more inclined to
reanalysis, particularly at lower speeds. In addition, slower readers exhibited a more
pronounced plausibility effect even at high speeds. While the time required for lexical access
remains similar for both faster and slower readers at accelerated speeds, faster readers have less
time available for reanalysis of difficult-to-integrate information. This suggests that slower
readers may have a greater potential for speed increases without compromising higher-level
comprehension. To further evaluate this assumption, an examination of the participants'
comprehension scores was conducted. Surprisingly, there was no significant difference between
faster and slower readers — both groups maintained high comprehension accuracy even at 150%
speed. These findings align with the earlier interpretation that reduced rereading times for
implausible words do not necessarily reflect poorer comprehension. Instead, these results may
signify an adaptive processing strategy, whereby readers maintain an understanding that aligns
with the demands of the task while efficiently allocating resources in time-constrained
conditions.

Working memory capacity emerged as a strong predictor of reading behavior and
comprehension, confirming and extending previous findings in the literature. Individuals with
higher capacity displayed more efficient processing, characterized by shorter and fewer
fixations, consistent with earlier work demonstrating that greater working memory resources
facilitate lexical access and text integration (Daneman & Carpenter, 1980; Johann et al., 2020).
This supports the established view of working memory as a critical cognitive resource for
maintaining and manipulating linguistic information during reading (Long & Prat, 2008;
Traxler et al., 2012). While lower WM capacity readers showed greater changes in fixation
probability and total reading time, their fundamental adaptation strategies (see above for slower
vs. faster readers) differed only slightly from high-capacity readers, suggesting that all readers
employ similar adjustments under speed demands.

The substantial correlation between WM capacity and baseline reading rate suggests
that participants with lower capacity had to make larger adjustments to meet the imposed speed
increases. High WM capacity appears to confer an advantage by enabling faster processing
during both early and late stages of reading, aligning with the idea that greater capacity
facilitates simultaneous maintenance and manipulation of information (Daneman & Carpenter,

1980; Johann et al., 2020).
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In harmony with these findings, WM capacity also influenced frequency and plausibility
effects. Individuals with lower capacity showed greater differences in refixation probability and
duration between high- and low-frequency words, indicating that lexical access for challenging
words required additional time (see also Ashby et al., 2005). A particularly noteworthy pattern
manifested at 125% reading speed: lower-capacity readers no longer exhibited an increased
response to low-frequency words with refixations; rather, they demonstrated a tendency
towards more regressions. This observation may imply that these readers initially experienced
difficulties in adapting to the heightened speed demands, prioritizing rapid first-pass reading at
the potential expense of successful lexical access. When this initial strategy came to its limits,
they subsequently resorted to regressions to reanalyze problematic words.

While individuals with higher working memory capacity demonstrated faster lexical
processing, they somewhat surprisingly showed no measurable advantage on comprehension
monitoring indicators. It was expected that even with the potentially challenging speed
increases, they would find it easier to process complex semantic relations or other aspects of
higher-level integration of meaning (Azevedo et al., 2022). Instead, both groups showed similar
comprehension monitoring as evidenced by equally increased viewing times for implausible
words across all reading speeds.

One notable exception emerged: readers with higher WM capacity showed a reduced
plausibility effect in refixation probability at 100% speed compared to baseline, with the
reduction diminishing as reading speed increased. This finding aligns with observations
reported above on comprehension monitoring in general (see page 119). In the 100% speed
condition, participants differentiated less between plausible and implausible words in first-pass
processing, exhibiting a more uniform gaze pattern that appeared to be less influenced by top-
down processing. Despite the presence of notable yet modest disparities between the working
memory groups, the capacity to monitor comprehension was manifest in both groups and
sustained even at elevated speeds. In a true dual-task situation, working memory capacity would
typically be expected to exert a protective influence on task performance, thereby mitigating
any potential decline. Therefore, the results suggest that, at least for generally proficient readers,
the line-by-line method may not constitute a real dual-task situation (unlike the L2 sample; see
Chapter 3.4).

This presents an interesting contrast to previous research results consistently
demonstrating WM capacity advantages in reading processes, particularly for ambiguous text

processing (Daneman & Carpenter, 1980; Johann et al., 2020; Komori, 2016; Peng et al., 2018).
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While higher working memory capacity predicted better comprehension scores in the current
work, no clear working memory capacity advantage in comprehension monitoring was present.

This discrepancy may be attributed to the inherent differences between assessment
methods and the underlying mode of processing. Comprehension monitoring measures, as
indicated by oculomotor behavior, capture core moment-to-moment processing with arguably
lower memory demands. Conversely, comprehension questions require the maintenance and
integration of high-level linguistic information over time. This distinction becomes particularly
salient when questions are delayed, as memory retention may become more significant than
initial processing efficiency. Future research should explicitly examine how temporal factors
and memory demands mediate the relationship between working memory and different aspects

of comprehension to clarify these dynamics.
Conclusion

Taken together, the results of the study indicate that readers can increase their speed
while largely maintaining lexical processing. Later semantic integration, as expressed in terms
of comprehension monitoring, is still significantly present when reading at high speeds, but to
a reduced extent. As discussed above, this reduction may either indicate that semantic
inconsistencies are detected less frequently or less time is allocated to attempt a resolution
(compare Pérez et al., 2016). The consistently high comprehension scores, irrespective of the
individual's baseline reading speed, lend support to the latter explanation.

Further results suggest that reading speed can be increased largely independent of
individual baseline speed, as both slower and faster readers show a comparable capacity for
(relative) speed improvement. In contrast, the present work did reveal that high working
memory capacity was particularly beneficial for maintaining strong comprehension (scores)
even at accelerated speeds, despite minimal differences in word-level processing between the

groups.
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5 General Discussion

Reading is a complex cognitive skill that requires the coordinated operation of multiple
processes, from visual word recognition to higher-order text comprehension. While reading
rates naturally vary between individuals and in different situations, the cognitive consequences
of these variations remain insufficiently understood. A significant unanswered question in the
cognitive science of reading is whether these processes are governed by a speed-accuracy trade-
off (SAT), i.e., whether increased reading speed necessarily comes at the expense of reduced
comprehension. The SAT framework, which has been firmly established in domains such as
perceptual decision making, memory recognition, and motor execution, posits a systematic
inverse relationship between processing speed and accuracy (Standage et al., 2014; Wickelgren,
1977). In the domain of reading research, this phenomenon has been examined primarily within
the context of isolated word recognition tasks, such as lexical decision tasks (Antos, 1979;
Rinkenauer et al., 2004).

According to this framework, the phenomenon of accelerated reading is associated with
superficial processing, which ultimately impedes comprehension. This perspective was strongly
reaffirmed by Rayner et al. (2016) in their critique on speed reading, in which they conclude
that accelerated reading disrupts lexical access, interferes with higher-level integration, and
reduces inner speech. These processes are considered essential for constructing a coherent
mental model of the text. The argument is posited that reading speed can only be increased
while maintaining high comprehension by increasing language skills. Otherwise, there would
be a cognitive overload.

This dissertation sought to elucidate the impact of systematic changes in reading speed
on various levels of processing by conducting a series of three experiments. In these
experiments, extensive data were collected on how changes in reading speed affect not only
word processing, but also the online monitoring of semantic consistency and overall (offline)
text comprehension. This work took into account individual differences in baseline reading
speed (Experiments 1, 2, and 3), word reading efficiency (Experiments 1 and 2), as well as
working memory capacity (Experiment 3). The results challenge the conventional view by
Rayner et al. (2016) by demonstrating that, under certain conditions, readers can increase their
speed up to 150% of their natural reading rate without significant loss of online and offline
comprehension, suggesting that reading speed above one's natural reading rate and high text
comprehension are not necessarily mutually exclusive. The following discussion integrates the
results of all experiments to explore the interplay between speed and accuracy in reading and

to elucidate the conditions under which the presumed trade-off may be attenuated or absent,
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ultimately providing insights that may inform both theoretical models and potential

applications.

5.1 Summary of the results

To understand the cognitive dynamics of reading at increased speeds, this dissertation
examined moment-to-moment processing through analyses of oculomotor behavior. Across all
experiments, a global adaptation was evident, characterized by shorter fixations, fewer
(re)fixations, and a reduced number of regressions. Notably, these adaptations were primarily
observed in the late phase of processing, with a decrease in the extent of rereading at higher
speeds. Although the total number of regressions decreased, they were not completely
eliminated, suggesting that essential reanalyses were still performed despite the demanding
temporal constraints.

Extending these general findings, lexical benchmark effects — especially those related
to word frequency and word length — were examined to assess the stability of lexical processing
across speed conditions. In Experiments 1 and 2, naturally occurring variations in word
frequency and word length were analyzed, resulting in robust effects that persisted across
different speed conditions. Longer and low-frequency words were associated with increased
viewing times and more (re)fixations. In Experiment 3, the effect of word frequency was
experimentally manipulated to provide a systematic evaluation. Results demonstrated
prominent frequency effects even at the highest speeds, with low-frequency words eliciting
longer viewing times and more fixations. Moreover, a subtle shift in processing strategy was
evident in all three experiments at higher speeds: for difficult, low-frequency or long words,
the initial processing phase (as indicated by the duration of the first fixation) tended to increase,
while subsequent refixations and rereading decreased. This pattern suggests that, under time
pressure, readers may prioritize initial word processing for efficient lexical access, thereby
reducing resource allocation for additional reprocessing, while still maintaining sensitivity to
lexical challenges.

Comprehension monitoring across successive sentences was investigated by embedding
semantic inconsistencies — plausible versus implausible target words — into a paragraph
(Experiment 3). Results revealed reliable plausibility effects across all speed conditions:
implausible words were processed more slowly, suggesting that readers were sensitive to local
inconsistencies and engaged in online monitoring of semantic coherence. Although the
magnitude of the effect diminished with increasing speed, it remained statistically robust even

at 150% of participants' natural reading rates. Consequently, it can be inferred that readers
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remain fully engaged in the reading process irrespective of the manipulated reading speed (up
to 150%), detecting and addressing difficulties at both the word level and in the integration of
information.

At the level of global text processing, performance on comprehension questions
remained high for native speakers (Experiments 1 and 3) across all speed conditions, including
360 wpm and 150% of natural reading speed. In contrast, proficient second language (L2)
readers (Experiment 2) showed significant declines in comprehension as speed increased, even
at moderate levels of acceleration. These findings suggest that skilled L1 readers are capable of
maintaining a coherent mental representation of a text, even under accelerated conditions. In
contrast, L2 readers experience deficits in performance already at mild increases of speed,
especially at higher levels of processing.

Finally, the role of individual differences was examined across all experiments, with a
focus on effects of natural reading speed (Experiments 1-3), word reading efficiency
(Experiments 1 and 2), and working memory capacity (Experiment 3). The results of
Experiment 1 indicated that individuals with faster reading speeds exhibited a clear advantage
in text comprehension. This finding needs to be seen in conjunction with the fact that fixed
speed levels were induced, so that the highest speed condition represented only a slight increase
for some participants but a doubling of their baseline speed for others. However, in the L2
sample (Experiment 2), no significant relationship between reading speed and text
comprehension was found, despite the use of lower induced speeds to accommodate generally
slower L2 reading rates. This marked discrepancy will be examined in greater detail in the
subsequent chapter, with additional insights provided in Chapter 3.4.

The third experiment explicitly focused on individual differences in natural reading rate
by implementing a paradigm in which speed increase conditions were determined as
percentages of each participant's baseline reading rate. Readers with faster baseline rates
exhibited more efficient reading behaviors, with the most notable differences in the amount and
duration of reanalysis. Frequency effects were more pronounced for slower readers, indicating
that they required more time to process difficult words. The adaptation process appeared quite
similar between individuals with slower and faster baseline reading speeds, but subtle
differences also occurred. However, as reading speed pressure increased, the frequency effects
on refixations diminished, rendering the reading behavior of both groups more similar.
Remarkably, even at the 150% reading speed condition, both groups showed significant

frequency effects, suggesting that lexical access remained robust.
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Similar patterns were observed for plausibility effects. Comprehension monitoring
appeared to remain intact even in the highest speed conditions, regardless of baseline reading
speed. However, for slower readers larger differences between plausible and implausible words
were found at higher speeds. While faster readers allocated less time for rereading, even when
detecting inconsistencies, slower readers still spent considerable time for reanalysis, even at
highly accelerated speeds. At the same time, there were no significant differences in
comprehension scores between faster and slower readers, indicating a similar level of general
text understanding.

In addition to the natural reading rate, experiments 1 and 2 revealed that word reading
efficiency — accessed in a standardized test as the ability to read single words accurately and
fluently — strongly predicted reading comprehension. For L1 readers (Experiment 1), word
reading efficiency played a particularly prominent role; participants with higher efficiency
achieved higher comprehension scores at baseline and accelerated speeds. A similar pattern was
observed in L2 readers (Experiment 2), although the effect was not significant at the baseline.

Given the potential for the speed manipulation to emulate a dual-task situation, working
memory capacity was hypothesized to significantly predict the ability to cope with accelerated
reading speeds in Experiment 3. Indeed, individuals with higher working memory capacities
demonstrated more effective reading, characterized by shorter and fewer fixations. However,
speed adaptation strategies employed by individuals with higher WM capacity differed only
marginally from those with lower capacity. More specifically, with increasing speed demands,
lower capacity readers reduced their (initially higher) amount of reanalysis, while maintaining
larger frequency and plausibility effects. Along with stronger plausibility effects (suggesting
more effort in comprehension monitoring), individuals with lower WM capacity demonstrated
poorer text comprehension, as evidenced by their performance on comprehension questions,

especially under accelerated reading conditions.

5.2  Linking results

This chapter situates the empirical findings of this dissertation within the broader
theoretical discourse on reading adaptability. It examines how moment-to-moment processing
and comprehension outcomes are influenced by accelerated reading speeds. Although prior
research has debated the idea that increased speed inherently compromises comprehension
(Rayner et al., 2016) — a notion aligned with the speed-accuracy trade-off — the present work
extends the discussion by examining how readers strategically adapt, rather than assuming

uniform trade-offs. The analysis hinges on a critical distinction between superficial skimming,
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marked by disengagement from text depth, and strategic fast reading, which may preserve
comprehension through efficient resource reallocation.

The notion of a speed-accuracy trade-off posits that there is a reciprocal relationship
between processing speed and accuracy, whereby the emphasis on one typically comes at the
expense of the other. In numerous domains, including motor control and perceptual decision-
making, this inverse relationship is so robust that SAT is frequently regarded as a cognitive law
(Wickelgren, 1977; Heitz, 2014). Within the domain of reading, this principle would suggest
that accelerated reading inevitably leads to diminished comprehension, due to constrained
processing capacity. However, empirical findings in more complex cognitive domains suggest
that such a trade-off need not always manifest itself in a linear or uniform manner (Domingue
et al., 2022; Spieser et al., 2017). Specifically, individual differences in cognitive traits and
learning modulate the SAT’s dynamics: impulsive individuals, for instance, exhibit superior
accuracy under rapid decision-making demands, whereas neurotic individuals show no
comparable gains from additional processing time (Dickman & Meyer, 1988; Robinson et al.,
2010). Furthermore, while individuals exhibit stable baseline SAT preferences, these are not
fixed — strategic adaptations, such as practice-induced efficiency gains, enable readers to
recalibrate their speed-accuracy balance (Pacheco et al., 2024). Such findings challenge the
assumption of a rigid SAT, emphasizing instead its context-dependence and plasticity. In light
of these findings, the prevailing assumption of a fixed trade-off in reading is called into
question, pointing to the possibility of a more flexible, context-sensitive model of cognitive
resource allocation under time pressure.

The following discussion is structured around two guiding questions. First, how do
readers adapt their cognitive and oculomotor behavior in real-time to accommodate speed
constraints while maintaining processing depth (Section 5.2.1)? Second, under which
conditions can these adaptations fail, and how do individual differences in reading proficiency,
language background, or cognitive resources shape the threshold at which comprehension
breaks down (Section 5.2.2)?

By reframing the speed-accuracy dynamic as a spectrum of adaptability rather than a
uniform trade-off, the chapter contributes to a nuanced understanding of reading flexibility. It
shows that skilled readers — especially in their native language — seem to use automated
processes and metacognitive awareness to overcome speed challenges, while second-language

readers or those with limited cognitive reserves experience earlier comprehension breakdowns.
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5.2.1 Moment-to-moment adaption to higher speeds

The findings of the current experiments demonstrate that readers adapt to time pressure
through systematic modifications of their moment-to-moment reading behavior. Across all
three studies, readers showed clear signs of adjusting in response to externally imposed speed
demands. These adaptations were manifest most prominently in late-stage processing measures,
such as total viewing time and regression probability, while early processing indicators like first
fixation duration were less affected. Strikingly, these adaptive patterns proved remarkably
consistent across all three populations, suggesting a universal cognitive strategy for managing
speed-related demands during reading. Recent work by Klimovich et al. (2023) on speed
reading provides complementary evidence for this pattern: in a comparison of pre- and post-
training eye movements, both speed-reading and metacognitive training groups exhibited
reduced late processing times and regression rates relative to controls. This aligns very well
with the hypothesis that accelerated reading relies on optimizing higher-order processing
efficiency rather than altering low-level word processing and/or lexical access.

A particularly noteworthy finding concerns the role of regressive saccades in fast(er)
reading. While regressions are critical for resolving ambiguities and integrating complex
information (Inhoff et al., 2019), the current studies show that readers can reduce the frequency
of inter-word regressions without compromising comprehension. This finding initially seems
to contradict Schotter et al. (2014), who experimentally prevented inter-word regressions and
observed a significant decrease in comprehension. However, the present study — particularly
through the comprehension monitoring paradigm — reveals a critical nuance: while readers
maintained a consistent regression baseline (~10% of eye movements) to resolve essential
inconsistencies even at high reading speeds, they seem to suppress redundant reinspections.
This suggests that regressions are only indispensable when critical for coherence, and strategic
reduction within this threshold preserves comprehension — extending the work of Schotter et al.
by delineating necessary from dispensable reinspections.

Experiment 3 provided direct evidence for this interpretation, as implausible words
consistently elicited prolonged total viewing times even at accelerated reading speeds. This
pattern indicates that readers strategically prioritize reanalysis of semantically problematic
content while suppressing less critical regressions. Notably, this optimization strategy proved
consistent across readers with varying baseline speeds, suggesting it represents a universal
feature of skilled reading. These findings collectively demonstrate that efficient reading under
time constraints involves not merely reducing regressions, but rather their strategic allocation

to maintain text comprehension while maximizing processing speed.
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The robustness of lexical benchmark effects, such as word frequency and word length,
across varying reading speeds underscores the resilience of lexical processing under temporal
constraints. Even at highest speeds, readers continue to allocate more time to low-frequency
and longer words, indicating that lexical access remains a priority. However, the current study
reveals a strategic shift: at higher speeds, readers increase the duration of initial fixations on
challenging words while reducing the need for subsequent refixations. This suggests that
readers prioritize efficient lexical access during the initial encounter with a word, minimizing
the temporal costs associated with reanalysis.

Building on this, the plausibility manipulation in Experiment 3 provides further
evidence of readers' ability to adapt to increased speeds while maintaining comprehension
monitoring. The persistent sensitivity to implausible words, even at very high speeds,
demonstrates the continued detection of semantic anomalies, aligning with prior research on
comprehension monitoring (Baker, 1989; Kim et al., 2018; Vorstius et al., 2013). However, the
attenuation of plausibility effects at higher speeds also suggests that readers progressively
allocate fewer cognitive resources to resolving inconsistencies. This phenomenon can be related
to the influential good-enough processing theory (Christianson et al., 2001; Ferreira et al.,
2002)), which posits that readers prioritize constructing a minimally sufficient mental
representation to meet task demands. In the present study, the reading task (i.e., reading for
comprehension) remained constant across varying speeds. However, the increased temporal
demands at higher speeds likely led readers to tolerate minor semantic incongruities rather than
exhaustively resolving them.

Taken together, these findings invite comparison to another common mode of fast
reading — skimming. Like the present speed manipulation, skimming also produces faster
reading without strongly affecting early processing indicators such as first fixation duration,
while lexical benchmark effects like word frequency and word length remain largely stable
(Strukelj & Niehorster, 2018; White et al., 2015). However, key differences emerge between
skimming and the induced reading speed task used in the present work. For one, skimming
instructions typically lead to even faster scanning rates — around twice the normal reading speed
— compared to the more moderate acceleration imposed in the present experiments (Strukelj &
Nichorster, 2018). Additionally, the mechanisms leading to speed gains differ: while the current
data suggest that reductions in regressions play a central role in achieving faster reading for
comprehension, skimming appears to rely more heavily on reducing the overall number of
fixations combined with shorter fixation durations. Quite strikingly, in Strukelj and Niehorster’s

study, regressions are only slightly reduced during skimming (from 23% to 21%), suggesting a
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much more unspecific adjustment. Most importantly, comprehension outcomes differ markedly
between reading and skimming: whereas comprehension was largely preserved in the current
experiments, it typically suffers under skimming conditions. This highlights a crucial
distinction: fast reading as induced here reflects a strategic optimization of processing depth
under time constraints, whereas skimming appears to reflect a different reading goal — namely,
to extract gist information efficiently, even at the cost of detailed comprehension.

While these comparisons focus on general reading strategies, additional differences
emerged between the reader populations studied in this dissertation. In all three experiments, a
level of analysis was employed where eye movements were compared as participants moved
across the lines forming each paragraph. These comparisons yielded three critical insights:
First, the L2 readers in Experiment 2 clearly showed an asymmetric distribution of fixations
across lines of text. Especially at higher speeds, they tended to show lower fixation probabilities
in the final parts of a paragraph. This is similar to results reported by Duggan & Payne (2009)
on skimming at speeds as high as 600 wpm, when keeping up became nearly impossible. For
the L2 readers, a situation of cognitive overload (see chapter 3.4 for an in-depth discussion)
began to emerge at relatively moderate speed increases, with severe escalation at the highest
speed. This can be taken to indicate that the seemingly fluent command of a second language
may hide a much less automated system of language processing.

Second, for the English native speakers in Experiment 1, a different situation emerged.
The distribution of fixations across paragraphs remained constant as the speed of reading
increased, with the initial lines of the paragraph being fixated more frequently and fixation
frequency then gradually decreasing towards the end. Such an asymmetry in attention allocation
has also been reported under normal reading conditions (Strukelj & Niehorster, 2018) and likely
reflects a general strategic adaptation aimed at constructing a mental representation of the text.
In line with the Construction-Integration Model (Kintsch, 1988), allocating attention to the
beginning of a paragraph facilitates the formation of a situational model into which subsequent
information can be integrated. The beginning often provides thematically and contextually rich
information, which serves as an anchor for comprehension. Moreover, in cohesive narratives
like those used in Experiment 1, this strategy is especially useful, as initial sentences often carry
key elements for understanding the rest of the text.

This pattern contrasts with that observed in other reading tasks such as skimming or
spell checking, where fixation probabilities tend to be more evenly distributed across the text
(Strukelj & Niehorster, 2018). Such a relatively uniform fixation pattern suggests a lack of

prioritization based on textual structure or meaning, which is consistent with the assumption
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that readers do not attempt to build a coherent situational model. Rather, as Strukelj and
Nichorster argue, skimming resembles a visually guided scanning process, associated with
lower semantic integration demands.

Third, the L1 readers in Experiment 3 did not exhibit the typical decline in fixation
probability toward the end of paragraphs observed in Experiments 1 and 2. Instead, fixation
probabilities remained relatively stable across word positions, with only a small and uniform
effect of position. This deviation may be due to the different nature of the text materials. In
Experiment 3, readers were presented with isolated paragraphs starting with neutral, context-
poor lead-in sentences. In this context, allocating disproportionate attention to the beginning of
the paragraph would be less beneficial, as the initial sentences provided little guidance for
comprehension. Taken together, these patterns indicate that the distributions of fixations across
a paragraph are shaped not only by reading speed or task demands, but also by the nature of the
text and the reader's strategic processing goals. In contrast to skimming, regular reading at faster
speed appears to retain key features of a strategically controlled process of information
acquisition in the service of understanding.

Looking beyond group-level comparisons, individual cognitive resources were found to
influence how readers adapted to increased speed. Readers with higher working memory
capacity and faster baseline reading rates exhibited more efficient eye movement patterns —
shorter fixations and fewer regressions — suggesting an advantage in managing cognitive load
(Daneman & Carpenter, 1980; Long & Prat, 2008).

It is noteworthy that both high and low WM capacity readers demonstrated substantial
frequency and plausibility effects even at accelerated reading speeds. This finding indicates that
lexical access and comprehension monitoring basically remained intact for both groups.
However, at higher speeds, word frequency and plausibility effects were more pronounced
among readers with lower WM capacity and slower baseline speeds. This may be taken to imply
that individuals who read more slowly, engage in more extensive processing or possess a greater
capacity for increasing their reading speed.

However, in view of prior studies, establishing a link between low WM capacity and
more superficial processing (Swets et al., 2007, 2008; Traxler, 2007), a more probable
interpretation is that increased processing times are indicative of a requirement for extended
lexical and semantic processing due to limited cognitive capacity. In Experiment 3, where speed
was manipulated relative to each participant’s baseline, slower readers — who also tended to
have lower WM capacity — were subject to smaller absolute changes (see Chapter 4.4). This

may have facilitated the preservation of their capacity to process complex or ambiguous words,
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despite constrained resources. While both groups monitored for implausibility, only high-
capacity readers maintained superior comprehension. Low WM capacity readers appeared to
function closer to the threshold of "good enough" understanding, with lexical-level effort not
necessarily translating into coherent global representations under time pressure.

Taken together, the results show that fast(er) reading, as induced in the present studies,
leads to strategic adaptation rather than more and more shallow processing. While readers
reduced investment into late processing and inter-word regressions, they preserved
comprehension by reallocating resources to critical content. Importantly, even under high time
pressure, participants maintained sensitivity to lexical difficulty and semantic plausibility —
markers of deeper processing. Therefore, the present data clearly challenge the claim that depth
of processing and comprehension inevitably decline at higher reading speeds (cf. Rayner et al.
2016). The next chapter explores how far this adaptive potential extends and under which

conditions comprehension begins to break down.

5.2.2 Reading speed and comprehension

The results obtained in all three experiments offer a multifaceted perspective on the
notion of a speed accuracy trade-off in reading. For L1 readers, evidence compatible with an
SAT does not emerge until very high speeds are attained. This corresponds with Kuperman et
al.'s (2021) observation that L1 listeners can process time-compressed speech at rates
significantly above normal speaking pace without experiencing comprehension loss (see also
Murphy et al., 2021). In contrast, fluent L2 readers exhibit a clear SAT, as their comprehension
declines even at moderate speed increases, reflecting the additional cognitive demands of
reading in a non-native language. Experiment 3 further highlights the role of individual
differences, such as baseline reading rate and working memory capacity, in determining
adaptability to speeded reading. Although lexical access and comprehension monitoring
remained largely intact across individual differences, readers with lower working memory
capacity even showed stronger plausibility effects at high speeds. Yet, this did not translate into
higher comprehension scores, indicating limitations in integrating and maintaining a coherent
text representation.

In harmony with the idea that L1 readers may not utilize their full cognitive capacity
during normal reading often (Carver, 1982, 1983), the present findings suggest that their natural
reading rate is not constrained by hard-wired cognitive limits. Instead, it appears that L1 readers
usually operate below their maximum capacity. Consequently, additional cognitive resources

can be mobilized when demands increase. This phenomenon can be explained by the interplay
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of automated processes and strategic resource allocation. Skilled L1 readers have developed
highly efficient mechanisms for lexical access and syntactic integration (Perfetti, 2007), which
reduce the cognitive load during reading. As a result, they can process texts with relative ease
at their natural pace, without fully engaging their cognitive potential®.

The concept of "good enough" processing further supports this interpretation (Ferreira
et al., 2002). According to this theory, readers often prioritize efficiency over exhaustive
analysis, extracting sufficient meaning from a text without delving into every detail (see also
Sanford & Sturt, 2002). In normal reading conditions, L1 readers may rely on this heuristic
approach, which allows them to maintain comprehension while conserving cognitive resources.

However, as reading speed increases, individuals can access their reserve capacity by
shifting to more focused and effortful processing strategies. This adaptability has been
empirically demonstrated by Klimovich et al. (2023), who found that app-based speed-reading
and metacognitive training can increase reading rates by approximately 20% without
compromising comprehension. The authors attribute this preservation of understanding to
heightened awareness of reading strategies. A parallel phenomenon emerged in Walczyk et al.’s
(1999) study, where mild time pressure led to higher comprehension compared to self-paced
reading.

When readers decide to engage in faster reading, such a strategic acceleration may foster
task engagement, allowing them to allocate mental resources more efficiently and reduce off-
task processing. This adaptability underscores the flexibility of skilled readers, who modulate
cognitive engagement in accordance with task demands. Seen from this perspective, the natural
reading rate may reflect a balance between effort and efficiency rather than a cognitive limit.
Prior research has already shown that augmented task demands may facilitate heightened
concentration and diminished mind-wandering, thereby enhancing processing efficiency (Seli
et al., 2018). From this finding, the conclusion emerges that L1 readers possess the capacity to
operate beyond their natural pace without compromising comprehension, provided they sustain
goal-directed engagement within cognitive boundaries.

For L2 readers, the picture looks quite different, as increased speed quickly
compromises higher-order text comprehension. At baseline, both L1 and L2 readers appear to
engage in "good enough" processing, adjusting their strategies to achieve adequate

comprehension. However, L2 readers require more time to attain this level of understanding,

9 At this point the question may arise why many readers would routinely operate below their optimal level of fluency.
A plausible speculation could be that reading is initially taught as reading aloud, with fluency limited by the speed of
conversation. It may be that many people are simply not aware that their potential to read faster with good comprehension can
reach beyond this limit.
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due to their slower lexical access and greater reliance on surface-level features (Bordag et al.,
2021; Dirix et al., 2020). When increased speed is required, L2 readers soon encounter a critical
threshold where cognitive load exceeds their available capacity. This results in a pronounced
speed-accuracy trade-off, where faster reading rates lead to significant declines in efficiency
and comprehension.

Several factors may contribute to this phenomenon. First, L2 readers possess a reduced
capacity for automatic language processing, necessitating greater cognitive exertion for tasks
such as word recognition and semantic integration (Perfetti, 2007; Clahsen & Felser, 2018). As
reading speed accelerates, these already challenging processes become too demanding,
resulting in insufficient resources for higher-order integration and meaning construction.
Secondly, the shallow structure hypothesis (Clahsen & Felser, 2006, 2018) posits that L2
readers engage in less profound syntactic structure processing compared to L1 readers, instead
relying on surface-level cues. This shallow processing strategy exhibits diminished
effectiveness at higher reading speeds, where the integration of complex syntactic and semantic
information becomes critical.

Additionally, the constraints imposed on working memory may play a significant role
in this process. As mentioned above, L2 readers experience higher levels of cognitive load due
to their limited proficiency and less efficient lexical processing (Godfroid, 2019), which
imposes constraints on working memory. As reading speed increases, the demands on working
memory may become critical, even up to breakdowns in comprehension. This phenomenon is
further compounded by challenges in formulating syntactic expectations and prioritizing salient
information in the context of more and more time constraints (Conrad, 1989). Individual
differences in proficiency (L2 automatization) may modulate the observed speed-accuracy
trade-off. While higher word reading efficiency can mitigate some of the challenges posed by
accelerated reading, it does not fully compensate for the increased cognitive load.

In summary, the incapacity of L2 readers to increase reading speed without
compromising comprehension signifies their constrained cognitive reserve and elevated
reliance on effortful processing, especially at the lexical level. This stands in sharp contrast to
L1 readers, who can adapt to higher speeds by reallocating cognitive resources and leveraging
automated processes.

When considered as a whole, these findings call into question the assumption that
reading above one's natural pace will necessarily lead to more shallow reading and eventually
superficial skimming. While it is evident that increased speed alters processing strategies (see

chapter 5.2.1), these adaptations do not inevitably compromise comprehension. For L1 readers,
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global understanding remained largely intact up to 150% of the mean natural and their
individual reading rate, indicating that the cognitive system can flexibly adjust to increased
demands without a breakdown in meaning construction. Instead of reflecting shallow
processing, these adjustments suggest a reallocation of cognitive resources and a shift in
strategy toward a more efficient processing of the text.

Conversely, for L2 readers, increases in speed resulted in substantial losses in
comprehension, thereby indicating the presence of a pronounced speed-accuracy trade-off. This
finding indicates that the distinction between fast reading and skimming is not static but rather
contingent on processing efficiency and cognitive resources. The results of the study suggest
that reading at a faster pace than one's natural rate can be sustained within the limits of
meaningful comprehension, provided that the reader possesses the requisite cognitive flexibility

and linguistic proficiency to adapt.

5.3 Theoretical and practical implications

The findings of this dissertation offer important insights for both theoretical models and
practical applications. On the theoretical side, the observed adaptations in eye movement
behavior under time pressure raise new questions about how flexibly the reading system can
operate. Two groups of models are particularly relevant in this context: models of eye
movement control, which explain the coordination of visual attention, word processing, and
motor behavior, and, on the other hand, psycholinguistic models of reading comprehension,
which describe how meaning is constructed across multiple levels of processing. The results
challenge both types of frameworks to account for the dynamics of fast reading, including the
divergent patterns observed in L1 and L2 readers.

On a practical level, the findings also inform applied approaches to reading. The line-
by-line paradigm, as used in this study, offers a new tool for investigating and potentially
training adaptive reading behavior. Its potential is critically discussed in relation to existing

speed-reading methods and their claims.

5.3.1 Theoretical implications for word processing and eye movement control

In this section, models of eye movement control are considered, including E-Z Reader,
SWIFT, Glenmore, and Uber-Reader. These models differ in how they conceptualize attention
allocation, lexical processing, and saccade programming. Most importantly, the models either
suggest a strictly sequential mode of word processing (EZ-Reader, Uber-Reader) or emphasize

parallel processing of words within the limits of the perceptual span (Glenmore) or an
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attentional gradient (SWIFT; see Radach et al., 2007b; Reichle et al., 2009 for detailed
discussions). In this section, the focus is on the examination of these models with the objective
of elucidating the fundamental conclusions derived from the present work. Among the salient
findings are the observed adaptations in early processing, wherein first-pass reading measures
generally diminished while lexical benchmark effects remained robust. It is also considered
whether they account for strategic resource reallocation in late processing evidenced by
persistent comprehension monitoring despite reduced reanalyses, and the distinct non-uniform
distribution of fixations across paragraphs in L1 and L2 readers.

In the E-Z Reader model, saccade programming is initiated by the completion of the
first stage of word recognition (L1), a process in which word familiarity plays a central role.
The model posits that low-frequency words inherently prolong L1 duration due to their weaker
lexical representations, thereby delaying saccade initiation. In this framework, the observed
shortening of early fixations under conditions of accelerated processing without reducing the
magnitude of frequency effects needs to be explained. Two adaptations are conceivable: Firstly,
L1 processing could be globally accelerated — through heightened attentional allocation or more
efficient feature extraction — while preserving the relative differences in processing time
between high- and low-frequency words. Secondly, the implementation of a top-down
modulator could facilitate the dynamic adjustment of the threshold for L1 completion.
However, this would represent a marked deviation from the otherwise modular nature of L1
processing in the model. In both cases, the absolute duration of the L1 stage would be expected
to decrease (resulting in shorter fixations), while the proportional influence of word frequency
would remain stable (Reichle et al., 2003; 2009).

The SWIFT model provides a potential explanation for the reduction in fixation
durations through its stochastic "random timer", which generates saccades independently of
ongoing lexical processing. Speeded reading may entail a global acceleration of the timer's
baseline rate, resulting in uniformly shortened fixations. The persistence of word frequency and
length effects could be preserved through parallel lexical activation: even with a faster timer,
rare or long words compete for attentional resources in the perceptual span, delaying saccades
when activation thresholds are unmet. This dual mechanism — combining faster default saccades
with competitive lexical activation — may ensure efficient oculomotor behavior without
sacrificing sensitivity to lexical difficulty (Engbert et al., 2005).

In the Glenmore model, the shortening of initial fixations may be explained by dynamic
adjustments in the saliency map activation threshold for saccade initiation. Speeded reading

could lower the threshold required to trigger saccades, allowing readers to disengage more
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rapidly once minimal visuo-lexical activation is achieved. Crucially, the model retains
sensitivity to word length and frequency through its interactive activation framework: longer or
rarer words generate slower raises of activation levels, delaying saccades even under reduced
thresholds. This interaction between adaptive saccade timing and graded lexical activation may
provide a theoretical framework to explain both accelerated fixations and preserved lexical
effects (Reilly et al., 2006).

Shifting focus to later stages of processing, the data revealed a strategic reduction in
total viewing time and regressions. Crucially, the results suggest that readers engage in selective
processing adjustments: while regressions and re-reading become less frequent overall, this late
processing remains sensitive to lexical challenges and semantic inconsistencies.

Within the E-Z Reader framework, the phenomenon of reduced rereading could be
partially explained by an abbreviation of the post-lexical integration stage (L2 or "I" parameter).
In situations where time constraints are present, readers may be inclined to reduce syntactic and
semantic evaluation for non-critical words, while concurrently ensuring the maintenance of
meaning integration for those concepts that are contextually salient (e.g., words that are flagged
as semantically inconsistent). However, the model's architecture has a critical limitation: it
assumes that integration failures invariably trigger regressions without allowing for the
dynamic modulation of the threshold level at which such failures are deemed critical. This
rigidity conflicts with the observed selectivity whereby readers suppress regressions for low-
priority content. To address this discrepancy, E-Z Reader could adopt a salience-driven
integration rule that allocates resources dynamically to high-priority words and suppresses
regressions for redundant or predictable content (Reichle et al., 2003; 2009).

SWIFT’s parallel activation framework could account for fewer regressions through
adaptive inhibition: non-critical words in the perceptual span might be more strongly inhibited
under speeded conditions, reducing reactivation. However, the model lacks a mechanism to
selectively sustain activation for anomalies or critical terms. To explain the preservation of
plausibility effects, SWIFT would need goal-dependent inhibition, where task demands
modulate inhibition strength. For example, words violating contextually cued expectations
could retain activation, triggering regressions despite global inhibition (Engbert et al., 2005).

In the context of Glenmore, reduced regressions could be attributed to elevated
activation thresholds for reprocessing. Under speeded reading, readers might disengage more
rapidly from resolved words, minimizing revisits. Yet, the persistence of plausibility-driven
regressions implies that semantic saliency modulates these thresholds. To formalize this,

Glenmore could integrate a predictive saliency filter, in which activation thresholds are
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dynamically adjusted based on semantic coherence. In the event of words conflicting with prior
context (e.g., semantic inconsistencies), lower reprocessing thresholds would be retained,
thereby ensuring targeted regressions even in the presence of time constraints (Reilly et al.,
20006).

In addition to the adaptive processing effects at the word level, supplementary analyses
revealed text-wide fixation patterns that exceed the explanatory scope of the models mentioned
above. The observed patterns are likely tied to the distribution of semantic information (e.g.,
the introduction of novel concepts versus redundant repetitions) and structural features of the
text. The E-Z Reader, SWIFT, and Glenmore models, which primarily operate at the word (and
to some extent sentence) level, are unable to account for these effects, as they lack explicit
mechanisms to capture sentence and discourse-level structures. To facilitate an understanding
of these text-wide patterns, it would be necessary to implement a discourse-analytical module
which would couple processing depth to semantic density and visual paragraph cues (e.g., line
breaks).

A model that incorporates elements of sentence- and discourse-level processing is the
Uber-Reader (Veldre et al., 2020). The model is based on the foundational architecture of the
E-Z Reader, thereby maintaining serial lexical processing and familiarity-based saccade
initiation. Consequently, the word-level effects observed in the present study can be interpreted
in the same manner as under the E-Z Reader (see above). However, the Uber-Reader model
extends this framework to simulate reading behavior beyond the word level. Specifically, it
incorporates modules for syntactic parsing and semantic integration at the sentence level, as
well as a working memory component that enables the maintenance and integration of linguistic
representations across multiple words. This facilitates the model's capacity to simulate the
impact of syntactic complexity and local coherence on eye movements, and it provides a
plausible account for the more efficient reading behavior observed in participants with higher
working memory capacity. The current implementation, however, does not yet explicitly model
discourse-level structures such as paragraph boundaries or the global organization of semantic
content. Such mechanisms would be necessary to explain the observed effects on fixation
distributions across paragraphs observed in the present dissertation.

In a similar vein, recent research utilized a social network approach, thereby offering
novel perspectives on the processes of moment-to-moment integration during the reading of
paragraphs (Catrysse et al., 2025). In this particular instance, the focus is directed towards the
structural characteristics of texts and the presence of individual differences, with a particular

emphasis on WM capacity. While this approach involves the use of different sentence and
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participant-level information, the impact of different reading strategies and goals, and most
crucially, the resulting reading comprehension, remains to be examined.

To summarize, while it is evident that individual models are capable of accounting for
particular aspects of the observed results, none of them fully captures the range of effects
reported in this dissertation. In particular, effects that extend beyond word and sentence
boundaries, as well as interindividual differences and variations in reading goals, can only be
partially addressed in current models of eye movement control during reading. Future modeling
efforts should integrate these dimensions more systematically to provide a comprehensive

account of reading behavior under varying task demands.

5.3.2 Theoretical implications for high-level processing and comprehension

Moving beyond the level of word processing, the findings of the present dissertation
will now be discussed with regard to psycholinguistic models of reading comprehension,
including the Construction-Integration model, the Constructionist Theory, the Structure
Building Framework, the good-enough processing framework, and the Capacity Theory of
Comprehension. This discussion raises questions about how these models account for
comprehension under temporally constrained task conditions. Specifically, it is highlighted (1)
how limitations in time can restrict the depth of processing at different representational levels;
(2) how readers may shift their strategic focus depending on task demands; and (3) how
individual factors such as reading efficiency or prior knowledge may modulate the success of
comprehension under such conditions.

The Construction-Integration Model (CIM; Kendeou & O’Brien, 2018; Kintsch, 1988,
1998) is widely regarded as one of the most influential theories in the field. It provides a
foundational framework for numerous theories of text comprehension and for empirical
measures of comprehension. According to the CIM, the process of comprehension comprises
two distinct stages. Initially, readers construct propositional representations of the text.
Subsequently, these representations are integrated into a coherent mental model through the
processes of inference and the application of prior knowledge.

However, the CIM is not equipped with top-down components such as reader’s goals,
motivational states, or individual reading skills. The present findings suggest that highly skilled
L1 readers are able to accelerate the construction of a stable situation model up to a critical
speed limit, at which point core processes contributing to comprehension may begin to become
unreliable. Nevertheless, it remains opaque how this kind of resilience can be achieved. Even

though it is apparent that the CIM offers a powerful theoretical foundation for approaching the
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problem, its own explanatory capacity is limited in accounting for individual differences or task
demands, such as the acceleration of reading speed.

A complementary perspective is offered by the Constructionist Theory (Graesser et al.,
1994), which conceptualizes comprehension as a goal-driven, coherence-oriented process.
Readers actively seek to form representations that are locally and globally coherent, which
aligns with the observed increase in rereading times for implausible words. However, the extent
of this elaboration is contingent on the objectives of the reader. While this model introduces a
more prominent role for reader intention, it pays less attention to external constraints such as
cognitive capacity or task difficulty, which were shown to play a crucial role in the present
work.

As was stated in the preceding chapters, the good-enough processing framework is also
characterized by a goal-driven perspective (Ferreira et al., 2002). In accordance with this theory,
readers adapt the depth of their processing in accordance with situational demands, aiming for
sufficient rather than complete understanding. However, the framework is not specifically
designed to account for cases in which reduced processing depth does not arise from strategic
goal-setting, but from external constraints such as cognitive limitations or time pressure. In the
present experiments, comprehension declined for L2 readers even when motivation and skill
level were high, suggesting that "good enough" processing may also reflect boundary
conditions of processing capacity rather than strategic choice.

This perspective, of comprehension being constrained by factors external to the text,
finds a more explicit role in Gernsbacher’s (1990) Structure Building Framework. This model
posits that readers continuously build mental structures during comprehension, enhancing
relevant information while suppressing irrelevant content. Skilled readers are better at this
suppression process, while less skilled readers tend to build more fragmented structures.
Applied to fast(er) reading, one could argue that skilled L1 readers prioritize central elements
and require less re-integration of earlier structures. However, the model does not specify under
which circumstances suppression efficiency might decline in challenging reading situations,
such as those involving increased speed or second-language processing.

In addressing this issue, the Capacity Theory of Comprehension (Just & Carpenter,
1992) offers a particularly insightful explanatory framework. This theory posits that
comprehension is constrained by the limits of working memory capacity. This model is well-
suited to account for the differences in comprehension observed in the present studies as a
function of working memory capacity and language proficiency (L1 vs. L2). The integration of

aspects of this model into other frameworks has the potential to extend existing theories beyond
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the text level, towards a more reader-centered understanding of comprehension processes under
temporal and cognitive constraints.

When considered collectively, the models discussed offer valuable insights into specific
high-level aspects of the reading process. The Construction-Integration Model and the
Constructionist Theory provide significant accounts of how coherence and inference processes
support comprehension. The Good-enough Framework and the Structure Building Framework
emphasize adaptive and goal-directed mechanisms, while the Capacity Theory brings essential
constraints of working memory and individual differences into focus.

However, it is evident that these models, when considered in isolation, are currently
unable to provide a comprehensive explanation of how comprehension is modulated by
increased reading speed in interaction with reader characteristics such as language proficiency
or cognitive capacity. The present findings highlight the necessity for an integrated account that
combines levels of text processing with situational demands and reader-internal constraints.
Such an account would not only explain when comprehension breaks down but also Zow it can
be maintained adaptively through selective processing, strategic inhibition, or enhanced focus

on core content.

5.3.3 Practical implications

Beyond their theoretical relevance, the results have practical implications, such as the
potential to improve tools and strategies that can enhance reading performance in different
populations. Previous experimental approaches to manipulating reading speed have typically
followed one of two paths. Either they have relied on task instructions to indirectly manipulate
reading speed, or they have employed direct experimental manipulations. Instruction-based
methods offer high ecological validity as they allow for natural reading behavior, but also lack
experimental control, often resulting in large variability and unclear causal effects. In these
cases, the observed speed increase should be seen more as a by-product of the reading strategy
than as actually being manipulated (see Chapter 1.2.2). In contrast, direct manipulation
techniques such as RSVP (Rapid Serial Visual Presentation; see e.g., Potter, 2018) or the fading
method (Korinth et al., 2016) enforce a fixed reading pace, but this comes at the cost of
distorting natural reading processes. Both techniques suppress regressions and artificially
segment text. These limitations have made it difficult to systematically investigate how readers
adapt to increased time pressure in realistic settings.

This dissertation presents a line-by-line method that seeks to overcome the challenges

of reading speed and natural reading by combining direct manipulation with the preservation
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of key aspects of natural reading. This method includes temporal restrictions only at the
paragraph level, which allows for unrestricted word-level processing and the ability to perform
regressions. Furthermore, this enables a tightly controlled manipulation of reading time while
maintaining essential cognitive processes involved in fluent reading.

The findings of the present work offer several implications for applied settings,
particularly in the context of reading speed enhancement and training programs. Experiments
1 and 3 demonstrated that moderate speed increases can be achieved by merely introducing
external temporal structure (instead of an elaborate training), a finding that may be valuable for
the design of reading apps and digital platforms in general. For instance, the line-by-line
presentation method, or analogous visual pacing techniques, could be implemented on tablets
or e-readers to assist users in maintaining an intended reading speed. Such systems have the
potential to facilitate accelerated reading while preserving fundamental components of natural
text processing.

The approach lends itself to training-based applications. While the present results do not
support the extreme claims made by many commercial speed-reading programs, they do
strongly challenge the widespread assumption that any increase in speed inevitably comes at
the cost of comprehension (Rayner et al., 2016). The data suggest that, in the absence of targeted
or time-intensive training, readers can temporarily read at substantially higher speeds — up to
around 150% of their natural rate — without compromising comprehension. However, at a point
that lies beyond this range, comprehension begins to deteriorate (e.g., at 405 words per minute
in Experiment 1). This pattern suggests a flexible but constrained adaptation potential that could
serve as an initial diagnostic indicator for individualized training. Reading training programs
may commence with the identification and comprehensive utilization of this individual reserve,
prior to the implementation of more intensive training regimen aimed at extending the threshold
at which comprehension declines.

It is noteworthy that the mean reading speeds observed in L1 readers under experimental
time constraints closely resemble those reported by Klimovich et al. (2023) after participants
completed a structured, app-based speed-reading intervention. This parallel suggests that a
considerable proportion of the enhancements ascribed to such training may, in reality, be
indicative of a more general, underutilized capacity to adapt to elevated speeds.

Current speed-reading training methodologies predominantly emphasize specific
techniques, such as chunking, minimizing subvocalization, or suppressing regressions (see
Klimovich et al., 2023 and Rayner et al., 2016, for a critical discussion). These techniques may

all have their merits, but the present data suggest that investing in such measures might be most
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useful in the reading speed range beyond the individual reserve capacity. The present findings
suggest that, rather than immediately emphasizing technique drills, programs could first utilize
externally paced speed increases as a primary training mechanism. This would involve
gradually exposing readers to higher speeds while monitoring their comprehension. An
interval-based design, which involves alternating between accelerated and unrestricted reading
phases, may facilitate the transfer of these adjustments to natural reading contexts. This
approach capitalizes on the short-term adaptability observed in the present work and may
facilitate progressive recalibration of readers' internal pacing without the necessity of explicit
or intensive strategy instruction. The implementation of continuous comprehension checks has
the potential to facilitate real-time adjustments and to identify the individual threshold at which
speed gains begin to impede understanding. Future research should examine whether the
observed short-term effects can be stabilized and expanded through long-term interventions,
and whether they can be applied to real-world reading settings (see Chapter 5.5).

While this approach shows promise for native language readers, a key finding of the
current work is that second language readers have a limited ability to increase their reading
speed without compromising comprehension. This phenomenon can be attributed to the
reduced automatic lexical access observed in L2 reading, a process that demands greater
cognitive effort. Consequently, interventions designed to support L2 readers should not
prioritize reading speed from the outset. Instead, a two-step approach may be more effective:
In the initial phase, the training should be oriented towards enhancing vocabulary and
automating word recognition, thereby reducing the cognitive demands of lexical processing.
Once lexical access becomes more efficient, a second phase could introduce speed-based
techniques. This progression has the potential to facilitate enhanced reading fluency in L2
readers without compromising comprehension.

Other groups with comprehension difficulties — such as children or individuals with
learning disabilities — may benefit more directly from speed-based interventions. Accelerated
reading speeds may help to draw initial attention to the text and support sustained concentration
throughout the reading process. By shortening the time during which information must be held
in working memory, such methods could reduce cognitive load and make text comprehension
easier. These mechanisms may explain why Reading Acceleration Programs have shown
positive outcomes in these populations (Korinth & Nagler, 2021).

In addition, these considerations also bear relevance for primary education. In the
context of early reading instruction, considerable emphasis is typically placed on accuracy,

which refers both to the fast and correct pronunciation of words during oral reading (usually
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referred to as reading fluency) and to the accurate understanding of their meaning. Reading is
usually practiced aloud during the initial years of elementary school, with a strong focus on
decoding and articulation (e.g., Kuhn, 2015).

The speed of reading aloud is fundamentally restricted by the time constraints of oral
communication. It is probably safe to assume that in most school settings, the higher flexibility
of silent reading is not explicitly addressed during reading instruction (see Bredel et al., 2011,
for a typical textbook on reading instruction in German). This may lead to the assumption in
many readers that oral and silent reading are basically identical, so that the potential of adaptive
silent reading is often not fully used or remains unknown.

Following this idea, the present findings emphasize the significance of cultivating
metacognitive awareness in young readers, thereby facilitating their comprehension that
reading speed is not constant and can be adapted according to the demands of a given task. The
employment of pedagogical strategies that emphasize flexible reading, as opposed to a single
"correct" pace, has the potential to foster both comprehension and motivation. Instructional
tools could include guided speed variations, reflective exercises on reading strategies, or
adaptive pacing tools integrated into digital reading environments. The sensibilization of
children and educators to the dynamics of reading speed thus represents a practical implication

with potential long-term benefits for reading development.

5.4 Strengths and limitations

This dissertation provides valuable insights into the adaptability of reading
comprehension and eye movement patterns across varying reading speeds. However, it is
important to critically evaluate both the strengths and limitations of the research to
contextualize the findings and guide future research.

As mentioned above, a critical strength of this study lies in the development and
implementation of the line-by-line technique, a pioneering method that manipulates reading
speed while permitting unrestricted eye movements. Nevertheless, the methodology is not
without limitations. It cannot be ruled out that the method may have imposed additional
cognitive demands beyond the speed aspect. Participants were required to accelerate their
reading pace and synchronize their eye movements with the moving line-by-line marker. This
dual requirement may have consumed some cognitive resources beyond those needed for faster
reading, and could have been perceived as a kind of dual-task situation. However, even though
the line-by-line method may introduce additional cognitive demands due to its dynamic pacing,

no alternative approach is currently known that offers a comparable level of experimental
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control while preserving natural eye movement behavior — an essential prerequisite for ensuring
the validity of findings on reading speed adaptation.

The methodological setup ensured a high degree of experimental control. By precisely
controlling the timing of the line-by-line display, it was possible to isolate the effects of speed
variation on eye movement control, word processing and comprehension. This strengthens the
internal validity of the findings, as observed differences can be confidently attributed to the
experimental manipulation. If indeed some cognitive resources were diverted to maintain
performance in the (relatively unobtrusive) dual-task situation, this factor would have
potentially reduced effect sizes of experimental manipulation. By this token, the significant
results obtained in the three empirical studies can be interpreted confidently. This reasoning
also applies in the case of the main null result, the absence of diminished comprehension with
speed increase, as dual-task costs should have added to any deterioration of performance.

With respect to external validity, the controlled laboratory setting and the standardized
reading format impose limitations on the extent to which findings may be generalized to
everyday reading situations. Nonetheless, the line-by-line method can be argued to offer higher
ecological validity than more restrictive paradigms, as it preserves key aspects of natural
reading. It thus represents a promising compromise by enabling experimental control without
completely sacrificing external relevance.

The employment of eye-tracking technology constitutes a notable strength of the present
study, as it facilitated a meticulous examination of the moment-to-moment processing during
reading. This detailed analytical approach yielded insights that extend beyond mere text
comprehension, encompassing the underlying cognitive processes, such as fixation durations
and regression patterns. By examining these measures, it was possible to uncover how readers
adapt their eye movements and cognitive strategies to increased reading speeds, offering a
deeper understanding of the mechanisms underlying reading adaptability. In this context, the
study’s primary focus on temporal aspects of eye movements ensured the use of variables that
are well-established in reading research. These measures offer reliable insights into both early
and late processing stages and allow for comparability with previous studies. Spatial parameters
(e.g., saccade length, landing positions within words), by contrast, were not explicitly analyzed.
Including such variables could have provided further information about low-level visual
processing and perceptual span, particularly at higher reading speeds (e.g., Kaakinen, 2012).

A further strength of the study lies in its multifaceted assessment of comprehension,
encompassing both offline and online measures. Offline comprehension was evaluated using

structured comprehension tests designed to assess understanding at different levels of
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representation, including the propositional text base and the situation model. This approach
ensures a high degree of comparability with both existing and future studies. To gain a more
nuanced understanding of the underlying processes, a potential distinction could have been
made between scores reflecting superficial and deep comprehension. However, such a
separation would have exceeded the available statistical power of the study.

A further procedural factor, namely practice effects and fatigue, should be addressed,
particularly with regard to Experiment 3. In Experiments 1 and 2, the randomization of the
order in which reading conditions were presented served to minimize potential order-related
confounds. However, Experiment 3 employed a stepwise increase in reading speed, allowing
participants to gradually adjust to the manipulation and avoid being overwhelmed by the fastest
condition from the outset. This design facilitated a form of intended practice effect, thereby
enabling progressive adaptation to increased speeds. Nevertheless, it is possible that this
approach may result in fatigue during subsequent blocks. It is conceivable that fatigue may have
exerted a negative influence on performance at elevated speeds, potentially by diminishing
levels of attention or cognitive resources.

Shifting the focus from within-person dynamics to between-person variability, one of
this study's primary strengths is its linguistically diverse sample. It includes L1 readers from
English and German backgrounds, as well as L2 English speakers. This diversity provides
valuable insights into how reading strategies and adaptability vary across different reader
profiles. Additionally, the exploration of individual differences, such as working memory
capacity and word reading efficiency, addresses a gap in current models of eye movement
control and reading comprehension. These models often overlook the role of cognitive
variability in reading behavior (see chapter 5.3.1 and 5.3.2). By examining these factors, the
dissertation offers a more comprehensive perspective on how readers adapt to increased reading
speeds.

However, the selection of experimental samples also has limitations that must be
acknowledged. The participant pool consisted mainly of successful students and therefore
highly proficient readers. While this group provided valuable data, it restricts the applicability
of the findings to populations with lower proficiency levels or less reading experience. The L2
sample consisted of undergraduate students in an English-speaking university and country. This
is arelatively heterogeneous group, and further research is needed to determine whether factors
such as working memory capacity, lexical access efficiency, and language proficiency,

influence reading behavior similarly in other groups of readers. This could include diverse
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populations, including those with varying language proficiency and exposure levels in L1 and

L2, as well as different age groups and levels of overall cognitive performance.

5.5 Future directions

The present work demonstrates readers' capacity to adapt oculomotor behavior to
externally imposed temporal constraints, suggesting that natural reading pace represents neither
a fixed nor optimal processing threshold. While these findings illuminate adaptive mechanisms
in controlled settings, they simultaneously reveal critical knowledge gaps that delineate fertile
terrain for future inquiry. Chief among these limitations is the restricted range of induced
reading speeds. The natural next step is to extend the range of induced speeds beyond 150
percent to explore at which point the individual reserve capacity reaches its limit. A study with
induced speeds up to 200 percent is already underway. In addition, subsequent research
endeavors could systematically explore a more fine-grained range of speed increases (e.g., 10%
increases) and ascertain each reader's individual time line of speed adaptation.

A further interesting avenue for subsequent research is a combined manipulation not
only of reading speed but also text complexity. It is conceivable that the preservation of
comprehension at accelerated speeds is most effective for texts of low to moderate complexity.
For highly complex materials, even experienced readers may operate near their cognitive
capacity at natural reading pace, leaving minimal room for further acceleration without
compromising comprehension. This presumed interaction warrants rigorous investigation
across distinct linguistic dimensions, including lexical demands (e.g., low-frequency
vocabulary, morphologically complex words) and syntactic architecture (e.g., embedded
clauses, non-canonical structures). It would be particularly interesting to disentangle these
dimensions to unveil their unique contributions to processing bottlenecks. For instance, does
speed increases disproportionately impair the integration of semantically dense content or the
parsing of intricate syntax? Such experiments would not merely quantify thresholds but reveal
compensatory strategies — whether readers sacrifice syntactic precision for conceptual gist or
develop heuristic workarounds under speed duress.

Moreover, accelerated reading may universally challenge syntactic processing — even
among proficient readers — by forcing strategic trade-offs that compromise grammatical
precision. Building on evidence from compressed speech perception (Conrad, 1989), future
research should test whether readers prioritize content words over function words during
speeded reading, potentially neglecting morphological cues or syntactic dependencies. As an

example, temporal constraints could impede the revision of misinterpretations in garden-path
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sentences (e.g., "The horse raced past the barn fell"), where initial parsing errors require costly
reanalysis (Frazier, 1987). Such effects would become evident in reduced regression rates to
syntactic violation sites at higher speeds, indicating suppressed error-correction mechanisms.
While all readers face these pressures, individual differences in working memory or
grammatical sensitivity likely determine adaptation success. Particularly, for L2 readers,
inherent syntactic integration difficulties may be exacerbated under speed acceleration, leading
to disproportionate comprehension loss despite adequate lexical access. This kind of research
may offer the capacity to explicate the manner in which temporal constraints influence
linguistic processing hierarchies across proficiency levels.

Levels of “proficiency” themselves comprise multidimensional constructs, defined not
merely by global proficiency scores but by distinct constellations of cognitive capacities,
linguistic expertise, and strategic competencies. The current findings indicate that working
memory capacity and word reading efficiency (as assessed in an external test) are significant
factors in this relationship. However, readers vary in numerous ways that extend beyond what
can be captured in surface-level skills as determined in a psychometric word reading test. For
instance, individuals with poor language comprehension and difficulties in executive
functioning may be disproportionately challenged by increased reading speed. This may be the
case in particular when the task requires flexible updating, inference generation, or the
resolution of inconsistencies. Future studies should therefore more comprehensively examine
how a broader set of cognitive resources — including attentional control, executive functioning,
and linguistic knowledge — interact to shape reading performance under time pressure.
Addressing these questions could not only clarify the cognitive constraints underlying
individual adaptation to accelerated reading, but also inform the design of personalized
interventions tailored to specific cognitive profiles.

This emphasis on individual cognitive variation naturally prompts technological
advancements capable of operationalizing such complexity into practical applications.
Adaptive text presentation systems represent a promising frontier in this domain. Rather than
relying on static speed increments, these systems would use real-time oculomotor behavior to
dynamically adjust exposure parameters. Importantly, their potential goes beyond controlling
pace: Al-based systems have the capacity to adapt the linguistic complexity of the text itself,
for example by replacing words with higher frequency synonyms, simplifying syntactic
constructions, or highlighting key sentence structures, based on the reader's prior oculomotor

behavior. When integrated with information about reader-specific traits and skills, such systems
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could provide precision-adapted reading environments that optimize the balance between speed
and comprehension for different populations.

The temporal sustainability of such adaptations, however, remains to be explored. A
significant avenue for future research therefore concerns the long-term effects of speeded
reading. While the present study focused on immediate comprehension following brief reading
sessions, it remains unclear whether elevated reading speeds can support sustained
comprehension over longer periods. Addressing this question could provide valuable insights
into the cognitive boundaries of reading efficiency and inform the design of training programs
that aim to improve reading speed without compromising understanding (see chapter 5.3.3 for
a suggestion on how such training courses could be structured).

Finally, while the present experiments were conducted in a controlled laboratory
environment, future research should examine how these results can be applied to everyday
reading contexts — for example, reading on digital devices, or under suboptimal environmental
conditions. Factors such as screen size, font characteristics, or background noise may
systematically influence reading speed, eye movement patterns, and comprehension. A better
understanding of these contextual effects could inform the development of reading technologies
and environments that promote efficient and robust reading performance across diverse real-

life situations.
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6 Glossary

Glossary of key terms used in the dissertation

Term

Explanation

Baseline reading rate

Cognitive load

Comprehension monitoring

Dual-task (paradigm)

First fixation duration

First-pass reading times

Fixation probability

Gaze duration

(Inter-word) regressions

Language proficiency
Lexical benchmark effects
Lexical decision task
L1/L2 readers

Natural Reading Rate

Oculomotor Control

Orthographic Processing

Propositional text base

Reading rate

An individual’s natural reading speed (words per minute,
wpm) under normal, unmanipulated conditions.

The mental effort required to process information (during
reading).

The ability to detect and resolve inconsistencies or
ambiguities in a text during reading.

A method where participants perform two concurrent tasks to
study cognitive resource allocation.

The duration of the first fixation on a word during initial
reading.

The time spent on a word during initial reading (e.g., first
fixation duration and gaze duration).

The likelihood that a word is fixated (not skipped) during
reading.

The total time spent fixating on a word during initial reading
(before moving to the next word).

Backward eye movements (toward previously read words).
The degree of mastery in a language, particularly for L2
readers.

The influence of word properties (e.g., frequency, length) on
processing efficiency.

A paradigm where participants judge whether a letter string
is a real word.

Native (L1) or second-language (L2) readers.

Synonym for ,,baseline reading rate*.

The neural and muscular mechanisms governing eye
movements during reading.

The visual recognition of letters and word forms.

A text representation focused on literal meaning without
contextual enrichment.

Synonym for ,,baseline reading rate®.
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Reading speed

Refixation time

Regression/ Regressive
saccade
Rereading time

Semantic plausibility

Situation model

Skipping

Syntactic parsing
Text complexity
Total reading time
Total viewing time

Viewing times

Word reading efficiency

Working memory capacity

155

The experimentally manipulated pace of text presentation.
Time spent on additional fixations within a word during
initial reading.

Backward eye movement to a prior word or text region.

Time spent revisiting a word after regressions.

The coherence of a word within its contextual meaning (e.g.,
,drinking coffee* vs. ,,drinking bricks®).

A mental representation of a text that integrates context, prior
knowledge, and inferences.

The omission of a word fixation during reading.

The mental process of analyzing sentence structure.

Factors affecting text difficulty (e.g., vocabulary, syntax).
The sum of all fixations on a word, including regressions.
Synonym for ,,total reading time*‘.

General term for fixation durations (e.g., first fixation, total
reading time).

The ability to decode words quickly and accurately.

The ability to temporarily store and manipulate information

during cognitive tasks.
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Appendix A

Text stimuli & language questionnaire Experiment 1 & 2

Al
Text stimuli for Experiment 1 and Experiment 2

Font and line breaks are used as presented in both experiments.

Instruction prior to the experiment:

Il nt his experimentwill be presented witPleasieousatdex
them carefully.

Beforeachexts presemt eddoti | | diespl ayed in the wupper
corner of each page. Pl ease | ook at the dot until
After readyomyw will see gquestions related to the te:
themsing the keyboard.

Phease press the s pacaerttharx pteor i ment

Instruction prior to the line-by-line technique:

I nt his experiwmentwill be presentettewisth Vheiasesread
them carefully.

You will be guided through the text | ine bexltine by
to be read in black. Tkhewrkmadiesmigayed in gray.

Pl ease make sure to always readctomdlyl avet lbilsacrkar ki r
line by |Iine through the text and adjust your spee
Bef oreeach text i s praesdeowt £, diespl ayed in the upper
corner of each page. Pl ease | ook at the dot until
After readbogwill see questions related to the tex
themsing the keyboard.

Phease press the smpacaea tbarhet oexperi ment

Text 1

I had a foreign student who lived in Vietham. She now lives in Virginia, just outside of Washington.

She came over, at the time, when the North Viethamese were invading. She had been tipped off by our
embassy. She was working for our embassy as an interpreter, and she'd been tipped off that they
expected this invasion and that if she wanted to, she could take two of her family, two children in

her family, not her own ‘cause she wasn't married then, and they'd give her space on a helicopter.

So she took two children from her oldest brother. They are over there. They were about fifteen and
thirteen, and she escaped to the United States. But before she left, she sent me a letter, and she
said, "We think we're going to be invaded and we don't think we're going to be able to stop it, but
here is a list of my family. | have told them all when they get out. They're all going to try to get

out except for my sister," one sister, didn't speak English.

She didn want to get out, so all the rest of them were going to try to get out. Her brother had been

the head of the police on the Mekong River, the military police, so he had a boat, a ship, and he

had that boat hidden. All the family knew where to go to get on that boat, but she took the two

children and she sent in her letter to me with this list, and she says, "My brother So - and- So, his
wife So - and- So, children So - and- So," and they were all given my name and address and telephone

number and told to call me as soon as they got onto American soil, or where they could safely make a

call to me.

So | had all these reverse the charges calls, in the middle of the night, most of them, because it
would be daytime where they were. One night, | got a call from an American sergeant in, where was
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it, in Thailand, | think he said, and he said, "there's a Viethamese man here who says he knows
you." and, of course, | had met them. But, of course, | didn't know, couldn't know them by name,
because their names were so different. "And he knows you, and | want to know if he knows you and
his name is So - and- So." Well, | had the list right there.

So | had all these reverse the charges calls, in the middle of the night, most of them, because it
would be daytime where they were. One night, | got a call from an American sergeant in, where was
it, in Thailand, | think he said, and he said, "there's a Viethamese man here who says he knows
you." and, of course, | had met them. But, of course, | didn't know, couldn't know them by name,
because their names were so different. "And he knows you, and | want to know if he knows you and
his name is So -and- So." W ell, | had the list right there.

Well, finally | got a call from our student, and she said she was in Indiana, | think. I've sort of

forgotten. She was in a refugee camp. She said, "I have two boys with me," and she said, "We're

going to be allowed to go soon." But she said, "l don't know what to do with them because I'm going

to Washington and look up some of the people | know and see if | can get a job and an apartment in
Washington, where | know people.” See, she'd met these people in the embassy and been their

interpreter. So | said, " Well, bring them here," and she said, "May 1?" And | said, "Of course, you
can," so she brought the two boys here.

Questions Text 1
Why did the speaker’s foreign student know to |l eave her country?

Shewasti ppod fobyt heUSEmbassy.
TheAmer i cseer gedntppedemff.

Thespeakeont achedandvar nécer .
Herbr ot hwas nt hemi | it groyl i ce.

Where did the exchange student finally call the speaker from?

Arefugeampnl ndi ana.

The mbasisyWashi ngtb&n,
Arefugeampnt hest ateef Washington.
TheAmer i caanmb as s acdeolrl @chherbehal f

The student most | ikely contacted the speaker about her family’'s

peakwast heenl Ameri cdahnest udehnew.

tudekhnewft hespeakerhsl uewcebSI mmi gration.
tudemhougthhat hespeakwoulbdesympat hatidcr ust wort hy.
peaklad nf or matiostnhest udeatboudSlI mmi gr atliaas .

Based on what you heard, what is most likely a future action taken by the speaker?

Setuparefugrel i e gani zation.

LeavfeorVi et nashel phe esboft hexchamgesdent amil y.
Advi sdev/i et nanfeasmi laypouhtow odeali t WSI mmi grati on.
TeacthhevVi et nanbesyEngl i sh.

Because of her previous job at the American embassy, the exchange student:

Was able to talk her way out of the refugee camp.

Had contacts in Washington, DC, who could help her find a job and an apartment.
Was able to explain to the American sergeant why she was allowed to immigrate.
Had known exactly when to warn her cousins to leave Vietnam.

Which is the most accurate account of events?

The speaker went to Vietham to meet the exchange st ude nfamily and decided to help them immigrate
to

the US.

The exchange student was tipped off about the invasion and asked the speaker for assistance in her e
scape.

The exchange student escaped on an American embassy helicopter and gave her family the s peakephos
ne

number to help them relocate.
The exchange student called from a refugee camp and asked the speaker to help her and her family get
out of Vietnam.

Text 2

Both my parents were born in Russia. | was born in Waterbury, Connecticut. They came here when they
were very young. My Dad walked across half of Europe, at the age of fifteen, to get out of Russia.

And worked in the vineyards in Germany and France to save money and came to this country as a boy of
seventeen. And he and my mother, who was underage, worked in factories in Waterbury, which was the
brass center of the world and also the clock industry of the world at that time.

And after they worked for twelve hours they would run home and have a sandwich and then run downtown

to study English because the worst insult in those days was to call somebody a greenhorn. And they

didn't want to be considered greenhorns. So, my mother spoke English perfectly, but had difficulty

with one word. She could not say arthritis. And that always came out "arthur - itis." And my Dad had

mi gr a
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trouble transposing v's and w's. He would say he put on a west, and went vest, which was his only
problem. And my Dad's adventures in going from Russia to Cherbourg, France, to get out of Europe
are worthy of a novel.

Well, he got in a second class coach and in the Russian trains the baggage was underneath the seats.
There was a sliding door. You open it up. So, he crawled in. There was a lady in the compartment.

He told her what he was gonna do. And the reason he was doing this was that he had gone to a small
town. He lived on a farm. The farm was on the line of Napoleon's retreat from Moscow in the War of
1812. And in the spring plowing they would dig up artifacts from the French Army and from the French
Armory Train. They had buttons, pieces of weapons and uniforms, tattered flags and things.

And when they came to this country, they had this stuffed in a cardboard box on the boat. Also
included was the family Bible with a listing of the births of everybody, and who got married and all
the family history. And, unfortunately, somebody stole it. So we lost the whole history of our
family. But my dad, himself, told me the story of how he came to this country. And he was in this
town and they didn't have paved roads in those days. What they had were dirt roads and when it
rained it got very muddy. Th e streets got muddy.

So they built, instead of sidewalks, they had, like, boardwalks about eighteen inches high. So the
gentry in their finery could walk without getting mud on their boots. And he came by a Cossack

officer wearing a white uniform who took a swing at him with a riding crop because he was a farm boy
and he was wearing farm clothes. He knocked him into the street and my Dad said he looked up and he
said, "I'm not gonna stay in a country that treats their people like this," and made up his mind

that he was going with fifteen, about the equivalent of fifteen dollars that the family gave him.

Got on this train, crawled underneath the seat and the woman fed him.

When they came to the-Rdlei sishomdemwas very lax in those days. You coul
So he walked across. Got a job in Poland. He sl ept in barns. Worked hi
in Germany, where he worked for a year. Saved his money and he drove t
of grapes. That was his job. He was a husky kid. And that was his job,
thing. He worked his way towards France. Got to France and when he had
on the boat and came to Waterbury, Connecticut

Questions Text 2

Whi ch characteristic of the speaker’s father is being conveyed?
His physical endurance.

His financial responsibility.

His sneaky nature.

His hard - work and perseverance.

Why did the speaker’s father decide to | eave Russia?

He had saved enough money to be able to run away.

He wanted to find work in the French and German vineyards.

He refused to live in a country that did not treat its own people with respect.
The French military artifacts that he dug up inspired him to go to France.

Why does the speaker mention the family Bible?

Tocreatg mpatfhoyt hed ami | ymissfortune.

Toexpl atime mport amfcehespeakef @shernisgratsbory.
Toportrtalyed ami | ycosnvi cti ons.

Toexpl awmat hespeakefashemrriiemhi ssravel s.

How ol d was the speaker’'s father when he arrived in America?
12 years old.
15 years old.
17 years old.
20 years old.

What was the progression of the speaker’'s father’'s travels?
Russia, France, United States.

Russia, Poland, France, United States.

Russia, France, Germany, United States.

Russia, Poland, Germany, France, United States.

The speaker says that his father’'s adventures getting out of Europe ar

Amovi e.
Anovel
Respect .
Admiration.

Text 3

I'm of Armenian extraction and both my parents were born in the country of Turkey. | don't want to
go deeply into the history of what happened there, but Armenians are Christians and the Turks are
Muslims, well, inevitably, problems arose. My father came from one of the smaller towns in the
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center of Turkey, | think it was called 'Gurun." My mother came from what was then Constantinople,
which is now Istanbul. There were massive persecutions and deportations against the Christians by
the Turks happening under Sultan Abdul Hamid about 1890 or so. At that particular time, some of my
father's relatives were killed, but others got the message and were able to make it to the Port of
Constantinople, where they immigrated to the United States.

They being my father, one brother and my grandfather, but another brother was killed. They

immigrated to the United States and to Massachusetts. My mother, who was in Constantinople during

all this knew nothing about the persecutions that were going on in the villages and smaller cities

throughout the country. This can be compared to what recently went on in what was Yugoslavia. So my

father got his start in business in Massachusetts and later went back to Turkey to get his bride -
my mother. They came over here about 1909 or so.

My f at He was

e, was in a rather int ss
of raw Filb
i
e

m e
s undertaking. He i mpor't
prevent spoilage When th n Boston,
s h ree weeks.

e ' r. So then

h c

h he most|

started a strike whic
11, and "wiped him out as an im r
t al ong, the restaurant business, w

He came to America first and then returned to Turkey. | believe that their marriage was arranged - a
common practice at that time. At that time, the United States was accepting all sorts of

immigrants, and there was no restrictions against anyone from Turkey. | assume, at that time as

well. that the US government knew about the persecutions and were allowing these people to come in

without any restrictions. My mother's mother came accompanied by my mother's two sisters but |

don't know exactly when they imm igrated. My father's father, my grandfather, was also here but |

never knew him.

So, my father was in the hotel restaurant business. He had a summer resort in the Catskill Mountains

of New York, and he had a place up in New Hampshire. I'll never forget that one, because | was a

little tot, and somehow, | don't know how it was, | must have tried to pick up a lobster, and the

lobster clamped its claw on my finger — screamed 'bloody murder'! I'll never forget that and my
father chopped the claw off trying to get my finger loose. Through all of that | was screaming,

screaming, screaming. Th at stuck in my mind.

He also had a restaurant in Boston. As far as his restaurants go, they kept getting bigger and

bigger. Eventually, when he was approaching retirement, he rented a large cafeteria in Ocean Grove

(N.J.) for a couple of years and ran that during the summertime. Apparently, it was a very lucrative

undertaking, because he could live the whole year alone from the money he made in just two -and- a-
half to three months each summer. That was his final occupation.

Questions Text 3

What event ended the speaker’s father’s importing business?
Astrilbgthd ongshor emen.

TheDepression.

Someosrenhi m shi pmerftspoi | mdt s.

Heheartdherwasmor monetyobemadient he est aurbansti ness.

What was the significance of the Catskills Mountains to the speaker’'s
Hi ssecomd mewas ocatthler e.

Heowneadsummersottthere.

Il twaswherheedr eamefds pendihngsummemcati ons.

Il twaswherhel ear nteamakbkeobstraol | s.

Why did the speaker’s father | eave Turkey?

Hewasa Chri stiamdchri st ivaenrsbei njger secuted.

Hef ol | ovhedsf at heamdr ot herog oi hhemnt hef ami bbysi ness.
Hewasdepor tbheyd heTur ki gdiver nment .

Hehadeartdhat he mportbogi newsasshoomiinmt heUni t &d at es.

Why did the speaker tell the story about the | obster?

Il nor detroproviamexampdfehowr ot ecthivseat hewmsofhi schil dren
Wheherecal ltehdahi sf at hdhrada r est auriamNte vHamp s hitrheest oriymmedi atcalme omi
nd

Il nordetroi | l ustrtahehazarassoci awietdhavi y@uch
hebegatnoremi ni abeuMai ndei mmedi atrelcy | Itenddf i

il drheed puti nt he&ki tchenWhen
r stti mbehad obster

Why did the speaker’s father switch to the restaurant business when hi
Unl i m®sbusi nesfsf ortisswoul dm’etqui a bar gfei nancialvest ment.

Hehadeartdhervwver goodpportuniitntdher est aurbamnsti ness.

Hehopetdot akadvant afjfei snevbori deescel |l enbkislgil |l s.

Hewasal r eafdgmi | ivart hhe est aurbansti ness.

Where is it most |ikely that the speaker was born?

Constant i nTowrlkeey .
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Gur umyr meni a.
Oceal@r ov &NJ .
Boston, MA .

Text 4

When | was in the Air Force during the Korean War, during the Cold War
into the president of the United States, the vice president of the Uni
saw Eisenhower, and | saw Nixon as vice president. My claim to fame wi
the flight line. You know the ceremonies you see at the White House no
cannons | i ke that? Well, they used to do this at Washington National
and they would put a cordon around the plane

Ni xon was down there to greet the person. He was vice president at th
cordon. Now, actually, | could get inside that cordon, if there was s
basically, there was no reason for me to be inside. All of a sudden, t
and Nixon was standing there, and the sergeant sai d, “Don't l ook now,
is down there to greet this dignitary, but his fly is unzipped.” | sai
telling the vice president of the United States his fly is open

He was standing there with his overcoat, and his hands were around th
his pants, so that kind of spread it open a I|little bit more The serg
passed

it ont o, | forget, one of the State Department of ficials, somet hing,
of command, and it was hysterical. It went up the regular chain of <co
and all of a sudden, someone, | don't know, the Secret Service man, o
over to Nixon and told him, and he was very cool Al | he did was he t
pockets and buttoned his topcoat, and that was it But it was comical
Then another incident | had was with, do you know the name C Mer ri ma
worse people in my |life than the press corps or the photographers for
called me in one day, and he said, “These parking places out here are
but they don't park in the Iines. They park wherever they feel i ke i
their lines.” So the next time they had one of these big deals coming
and so forth, and | went down to check up. There's this car |ike park
wanted to be parked

So | said to the sergeant, “Whoever that is, t hat car wi Il be moved."”
Merri man Smith's car,” and | sai d, “Okay, C. Mer ri man Smith, he's got
he is the president of the White House press corps,” at that ti me. He
sai d, “ Mr . President,” and al/l t hat So | sai d, “ don't care. See th
He wants the cars in the |ines. The colonel wants it.” | said, “Bring
"The gQguy goes, wearing a 45, and he brought C. Merri man Smith babbl
me . Do you know who | am? | 'm C. Merri man Smith."” | sai d, “Sir, ' m s
who you are.” | said, “See the man in there? He's my colonel He want
move it, or you'l/] be towed off the base.” He eventually got in, and
Questions Text 4

What would the speaker probably say about his placement in the milita

ltwasver mundawer k.

Il twasanentertaimoasigt itoon ake.
Il twasconst andnmoti onal

I twashar-@or k

Who were the worst people that the speaker ever worked with?

Me mbeofst heSecr Ster vi ce.
ForeiBingnitaries.

Me mbeo fst h eWhi tHo u sper e scsor ps.
ltwasver mundawer k.

What is the speaker’s claim to fame”?

Heact ualneyRi chaNidx on.

Heor der@dMer r i nfam tthomovhki scar .

Hewaspar dvpft hechaionfcommatiat nf or fNedk onf hi sunzi ppddy.
Hewas nsi dénecor dovine Ni xomasgr eet itrhgedi gni tari es.

Whi ch current or future president did the speaker NOT see during his

Har rfyr uman.

Dwi glEtt senhower .

Ri chaNKidxon.
Lynddmhnson
speaker’s interactions with C. Merri man Smith and Richard

What do t he
this narrative?

other in

Thewpr examplogswhat hespeakaeirs!| i kaebdo uhti § ob.
Bot hnvolwer gmbarrassiingat iiomwsol vi mgport mah.

o @

o-3m

o w oS
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Bot hnteractooasr rdeud i t(hesampol i tiembnt.
The nteracthawnbi ttliecommeon hetrhabhhatheynvol viembort met.

According to the speaker, what was the sequence in which the men passe
St atlepart nefnfti ci 8bcr Sterviagent hespeakelo,l onelhevi cPresi deMitxon.

Secr StrviagentCol onelhespeakeNi,xon.
ThespeakeSrergeaBt atleepart noefnfti ci €b| oneSle,cr Ster vi@agentNj xon.
SergeanhhespeakeSt,atepart noefnfti ci 8bcr Ster vi@agentNj xon.

Text 5

There was a fire. It'"s a quickie story: We're getting married, and we
advance, and my wife had boughtcelxlted tcrlooushsenagy, saond she |ived with her
in a small apartment over a store in downtown. And then we went off on
were very fancy. You know, I was considered to be quite wealthy at tha
everybody thought | was, which is almost as good as being wealthy. So
fire in the store down bel ow.

So my cousins, my ol der cousin particularly kinda, well, | hadn't ment
when | was a senior in high school. So, you know, after that, we wer e
really children anymore, but we were sort of, you know, people | ooked
stayed together, and we ran everything by ourselves. But we were old e
don't think you're old enough to do anything when you're in the child
38year old daughter is still a chlbddsandi mys8BIl yearchil d. It doesn't ¢
My son works with me, and he's the third generation in our business B
talk to a salesperson, I say “Yeah, the kid wants to do this or wants
So the fire was really disastrous, but it was a blessing in disguise
we weren't a real store store. And we were known from around a bit Bu
glorious magnetism of any sort, because we didn't advertise. My father
make up ads. He would have | earned, but he didn't think it was importa
But then we had this fire. So very quickly, we got a much | arger store
Silverman's parents You see, these names keep coming back in.

And we rented it temporarily. We moved by truckowatl | stdhree goowd swé riwand t hi
a carpenter make quick tables, you know, just wood running on saw hors
took everything and stretched it all out. And we worked, | mean even a
we got some of our classmates to help us. And we were working on Sunda
were ready to open for our big fire sale. And we even had, my aunt cam
down, well, my father was home sick all those years. He was captured
bef ore he died, because he had a heart condition.

And they didn't know what to do in those days, so you just stayed home
also, so he couldn't walk up and down the steps. They never understood
good, you know. They just didn't have the knowledge that we have today
away and died, which wasn't as terrible to me as it mi ght sound, becau
know my father, because he was home all the time, we used to go and we
would be in bed or in the wheelchair and we'd kibitz around and talk
spend that much time with their parents, because they were busy workin
Questions Text 5

Where was the speaker when the fire in his store occurred?

I'n his apartment above the store.

I'n the store.

Away on a business trip.

Away on his honeymoon.

Why didn”"t the speaker s father help everyone get ready for the big f
He was injured in the fire, and was home recuperating.

Physical | imitations due to a heart condition prevented him from helpi
He was too distraught about the impact of the fire on his business

He did not think much could be salvaged and thought it was a waste of
What would the speaker probably say about the fire and his father “~s h
“The fire was harder to deal with than my father s health problems.”
“My father ~s health problems were harder to deal with than the fire.”
ABoth situations sound bad, but something good came out of each. o

“The fire |l ed to a closer relationship with my dad."”

According to the speaker, someone can be a member of the “child” categ
If she is young and incapable of doing an adult job properly.

I'f she is young, regardless of her ability.

If she is incompetent, regardless of her age

Regardl ess of her age or ability
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How ol d is the speaker s daughter?
48
43
38
33
The very next thing the speaker would probably talk about
How the big sale went.
His relationship with other family members besides his fa
What his job is now.
His thoughts on how the fire affected him
Text 6
Wel |, Pop came over about 1908 Pop was, for a peasant vi
instance, he had thebduglt swior eand shoes in the village.
military, he bought a suit and shoes and i understand tha
they thought he was stuck up or too good for "em. They [h
something else; the floors of these peasant homes were si
Getting some paint and painting the floors of their house
the other villagers because they thought that the family
apparently balled up, personal and family and the nationa
them to
deci de, "The hell with it,"” and go someplace el se"
He came to the US and was a worker. He had only four year
is fascinating, probably the most fascinating thing about
school, and one of the biggest surprises | got was when |
was doing my homework and he happened to |l ook over my sho
knew Pop had only four years of school so I said, “Ahhh,
you wouldn'"t know anything about this, you know? |I'm a ju
years, and you wouldn't know anything about this
Pop says, “Well, what's the question?“ | outlined the que
it. He hadn't been to school for decades, and | said, “Ho
what geometry was and he solved the problem about as fast
of math were you taught?* They weren't taught arithmetic,
were simply taught math, they weren't told that is was ge
did? They were taught math, and in the four years of scho
He was into high school coursewor k. I was doing some Engl
you reading?* | said “Well, Charles Dickens, he's an Engl
Wel | , Charles Dickens, he's an nglish author.*“® And Pop s
Dickens than | have to this day. | 'm putting the emphasis
more educated in four years of elementary school than man
"' m not kidding! He |l earned Engli sh, to read, write, and
Mom never did learn it, to read, write, or speak English.
Russian at home, you probably pick up a tinge of an accen
went to elementary school in Baptistown, New Jersey, we h
grade,
and | didn't know how to speak English
Questions Text 6
The passage you just heard was actually part of an interyv
What question was the speaker most | ikely responding to?
Z,Would you please describe your “father “~s education?
AWhen and why did your father | eawvie his native village?
~What was your relationship with your parents |ike?
sWhat did people think df your father?
Why did the villagers dislike the speaker “~s father and h
They thought the family, especially the speaker "~ s father
They thought the whole f-wmbhy whenwi shgame to politics.
They thought the family members were too uppity.
They thought the family members, especi alolfy sthe speaker,
How did the speaker “~s mathematical education differ from
Her father s education was more formal.
Her father S education followed the same for mat, but at
The speaker Es coursework was more topically organized.
The speaker “~s coursework covered more advanced topics.
When did the speaker’” s father pur-bbagbhthbssifiastd shoes?
A month after he turned 18 and was officially an adult.
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Questions Text 8
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Which of the following occurred first on the night of the robbery?
Thes peakfeel hsl eapstairs.

Thespeakembshgravehe obbealslt hemoneiynherpur se.

Thespeakesl st ®epenedecashegi stfeorrt her obber s.
Thespeakwokapandcdearhderf at hemay! Takwehayouwant . "

Where did the speaker put the rolls that she picked up every morning d
ont hebakemsyhel fadj acemtt hecr acker s

intheoackfthestorwherheermot henmdeandwi ches

nextothedel counter

inthetorefsonti ndow

Based on what you know about how the speaker's family managed their gr
best matches the family?

friendbdysorganiazneddel i gi odelvyp ut

dedi catceadmpeti tawvd | exi bl e

organi zecehdar i t almlner,esourcef ul

|l azydi sorganiazmeddnef ficient

Why do you think the speaker told the story of her father's arrest?
Thisearliynci denmtaumatithesdpeaka&mdausdedaert oreprelsasrmemor iogfdrvington.
Thetorsyshowedaherf athewmscompeti tiovbhelegredahewel comednotoriety.
Thistoreyxpl ai whgo hepeopliel rvingtdbsal i kheedf at her .

Thisnci ddmtr eshadtolweé &at erankr upafchyerf ami | ys'tsor e.

Whi ch of the following questions do you think the speaker was most [|ik
Whatwasyourel ati ontstyyopuf ami Wwhegpouwer growiung?

Woulylow!| eagdescr iymauparents?

Whatwasyour ol enyoupar entbsu'si nesshsepouwer gr owi ng?

Tel mewhayou emembaebrouytousi st ewhepouwer growiumnmg?

Where did the speaker's family record their credit customers?

ont hebl ackbobaeehdi ndhecounter

onapiecoefcardboattdached chain

onpapethekepbnaspindle

onalishail eadt hewal |

Text 9

My mot her's older sisters came to the United States fromtahepyl ace bet we
were European Jews. My father's family came with two |ittle children a
he came here. We don't know just where he came from, 'cause he never s
decided that he was born in the United States, which she thought was t
could happen to you. So, if anyone asked her, she always said, “He was
graduated from Schenectady High School, New York State.

My father went t-ddlaTowmssemd Manhattan, which was for outstanding student
went to CCNY, and, after he was there for two years, someone told him
he had hardly ever been out of the city, that was | ocated in South Jer
mi ght | ike to go there. That was two years They raised all their own
everything that they could about being a farmer there, and then, you c
or another. The school was named the Baron de Hiosh Cultural School T
Jew.

They had al ways said that the Jews could not be farmers that they were
but , the thing is, in Europe, Jews were not all owed to own | and, and t
that. It wasn't true. My father became a poultry man, but , in one summ
as the bookkeeper, up in the Catskills, and my mother and her sisters
they met on a hay ride. My mot her said she put straw down my father's
she said, “Well, forget it,* but, he also wrote her beautiful poetry.
they got back into the city

He worked, first, on estates until he had enough money to buy his own
in New Jersey. I guess | was about two by then. My brother had been bo
Manhasset, New Yor k The |ife on the farm was very, very hard, even wi
nei ghbors with nine. They wused to steal a bottle of our milk The mil Kk
it came at five o'clock, and they would take a quart of milk, and | sa
you say something?“ She said, “1'"d rather they have the milk,*“ and the
tal ked about what we had for breakfast, and we always had a substantia
Those kids had tea with milk in it, s o, it was really very, very hard.
possibly after the Crash Anyway, in the early 1930s, my mot her said s



194

Appendix
that hard and she said that she just couldn't stay there any |l onger. S
father went into New Brunswick, and he found a real- asspmacwxi algteyn,c'y t hat
and they I|iked having him, because he was able to teach.
People came out from New York City, like furriers who had gotten fur i
of thing, and so, he was able to help them, and, a |l ot of t hem, they ¢
There was also something called the Jewish Agricultural Society in New
to be popular in Germany, many of the Jews |l eft, and they came here to
doctors, and dentists, and | awyers, and al/l
Questions Text 9
Why did the speaker's mother often claim that her husband was born in

Shewass mbarradbyetdd act haherhusbadiddhotknowherheewasbor n.
Hewasani nf amwthehearri velli chasal mosatsgoodsbhei ngor her e.

ltall owkert oavoidi scussdfowhi cchar obfEur ofeée sf ami lwasf r om.
Rathehadealwi t hheconfusbsanroundiimsgi rtishept etdosi mpl itfhyest or y.

The speaker's mother graduated from:

SchenectHadychool

Towns<eHad rii asManhattan

Bar odheHi osGul t urSaclhool .

Citg€oll egfeNewor KCCNY) .

When the speaker's father first met his future wife he apparently offe
was successful in obtaining her hand in marriage after:

writigslworstt orieaseanherchil dhood.
croonipmgullasveongtsoherovet hephone.
wooi merwi t AR dozewhi treoses.
writimgrbeauti paoktry.

How many years total did the speaker's father spend getting an educati

2year
3year
4year
6year

unvonon

Why did the speaker's mother remain silent when her neighbors took a q

She&netwhahernei ghbooahisl drwer aotwel f ed.
Shevant e dt eachherchi | draelnessomcharity.
Shevasuncert asmowhi crhei ghhbcari Ihdadact ualsityol ¢ dhemi | k.
Shevasambi valabmauconfrontiemgei ghbor s.

Why did the real estate office in New Brunswick especially appreciate
hi sknowl edfgpoul tfrygr mi ng

hisabilitgteach

hi shookkeepikngl s

hiswillingneasrivarlandtalate

Text 10

We encountered the first German enemy there on the river, and they wer
protecting their rivers and natural barriers. | had a very critical, =c
the Danube We got to the point of getting them on the run, pretty muc
Bavaria We would capture town after town, and, at one point, toward t
troops, even though we were a heavy 81 mm mortar group, we fought, wh
ri fl emen

We officers, t hen, instead of our .45 caliber pistols we were issued ¢
smaller rifle and it was more effective for wus, because we could reall
l onger range. Officers were the only ones who were issued carbines. Th
rifle, the M1. We were capturing towns and these were pretty hard figh
situations | remember , particularly, ti me that we'd captured towns,
Attendorn, Germany, we'd gone through this battle and we'd captured to
row

We made good progress going down through Bavaria, and, finally, the me
rest, and | finally said, ““Wel |, as soon as we take this town, you're
didn'"t have the right to say that, but, they were getting careless, an
day, and you don't have enough rest, no place to sleep, and, you know,
So, we captured this town. It was a tough, tough fight My friend, Lie
He was the commander of the machine gun platoon right next to me, and
platoon, Lieutenant Gustafson, he wasn't able to “take it." We got rig
this is where |'d said, “ Men, once we capture this town,* they could r
just |l ost our two platoon | eaders, two heavy machine gun platoon | eade
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It seems to me it was the afternoon, and |'d told the men that, and ab
| coul dn't believe it, | could see, Col onel Austin, | think, our batta
and here is this person walking up with the two white pistols, and it
and | could see George Patton waving his arm and pointing towards the
meant we' re going to cross the river, and | thought, “Oh, no, we can't
that. See, to him, strategically, he knew what he was doing, but , tact
because | knew our troops really were tired and weren't prepared for i
So, | led the crossing. We had rubber boats in darkness, and | |l ost qu
captured the ground, and, when you do this at night, you don't know wh
it, and you try to plan things as best you can, but, when you're in ne
at night, it's a very hard thing to feel comfortable and reorganize. |
were hit, “Lieutenant Hal e, I'*m hit,k* and | '"d hear it here and there.
can. We did consolidate, but, it was costly for wus. From the very high
know, we conquered the territory and kept driving. That was i mportant
me , tactically, not strategically, but , tactically, to try to have rea
but, that's war, you know
Questions Text 10
Why did the speaker consider General Patton's plan to cross the Danube
Thepeakettresopmsmadeernngagient ougri | i t aroymbdtor2-3 daystraight.
Thes peaklkad!| reaadgvi skeidst roopdhat hegoulrdesbeforce ossitrhggDanube.
Thespeaketrsomweraottrai nteamakei veaor ossi agsi ght .
Thepeaketrsomweremoti onallrlay nafdt ewat c hitrhgeicomr adleésd nbattl e.
Which of the troops were issued the Garand-I'i¥le, also known as the 'M
onl yhefficers
onl yt heri fl emen
onl yhel at olomader s
allofthearoops

What was the speaker referring to when he said that his troops had mad
Bavaria?

Thefpadcduf f eroend i noirnj ur iaess hegapt urteodvntsr avel t hgouBdavari a.
Thefracdt eadiclaypt urteodvaf t etrowast hewovetdhr ouBdvari a.

Thefprad apt uraeldar greu mbofenensyo!l di ewist hosmacr i fi ainygmer i damnves.

Hi s roowereerguccessdwdwhehhewer asketdocr ostsheDanubeasmalrilubbdmoat s.

From the speaker's perspective, crossing the Danube seemed |ike it wou
asituattbatoulbdackf isrtee ategically.

anopportuniotgadcrucimilssiamdossi brleceiapromottitomol onel
ariskbyutexciticrhgne®fol |l eawedi reotrdermns GenerRatton.
regrettdbloent acti csalandpoi nt .

Who was Lieutenant Seiders?

hespeakecbbl egeommat e
ol onkRlustirmesftriend

he ommandéa machigem!| at oon
hefficemaconferwetBenerRatton

From Gener al Patton's perspective, crossing the Danube was the right t

hi sgoaiwast okeeppt henomentodmherogr easdsr eaatyt ai rbeyd he r oopls i viehr oulgd
vari a.

hecoulmothavinownboutthemoti ohal bnthearoowhehemadhbhi sdeci sitomr o stsh
eriveatni ght .

hewasunawaofehow ewoatweravail abbtehearoopdhani ght.

hi sper spectwiasteomai nt aifnrocuosnt actircat hemhastrategy.

Text 11

My father never worked too much and, in fact, my mot her and he separat
house because he woul dn't work and she was a single mother. Her e, she
she worked, | don't know. She was an embroiderer, you know, Naval of fi
to do that. That's similar type of work. So, she had her own business
after he |l eft the house, I think one of my relatives used to pay the r
enough money for everything, but we survived.

I don't think anybody really went hungry, but it was tough and we | ive
bedr ooms, | think, no hot water. You know, we had a kettle |like this,
to get hot water, and all us ki ds, we were in the same boat, so, we Uus
Saturday, so that we could take a shower, because we didn't have a sho
great, but , you know, when | |l ook back, | had a happy childhood, at | e
al ways been an optimist anyway.
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When we were in Latin School, there were three of wus there at the same
brother next to me was a sophomore, my ol dest brother was a senior and
lunches and get them al|l mi xed. This one didn't I|like this and this one
have to chase each other down to change the sandwiches around
When | started school, I started kindergarten when | was four years an
in the first grade, and they said I was too smart for the first grade.
but they put me in the second grade. So, here | was, six years ol d, in
graduated grammar school , I was eleven years and ten months, and [when
was twelve years old and no months, and here | was, with kids fifteen
was about this high, and it was quite an experience
I always worked. | had a paper route and | worked on a paper truck. We
truck and put papers into the stores. I did that after school Sometim
because | had to get wup at four o'clock i the morning when | sold my
homework to do because they |l oaded us up. We used to get sixty lines o
four pages of French and math and English. When we studied English, we
root for the words The teachers were superb My ol dest brother used t
wal k into a college and be a professor right away, because they were g
eighteen hundred a year.
My sister, she got a scholarship for Radcliffe because we had no money
graduated Radcliffe in 1932 and she is sand lydarvs nagl.d.ShWwWe sg mti neeitgyh t
degrees in the family. My two older brothers, my youngest brother and
graduated as engineers and my brother next to me dropped out of high s
Questions Text 11
Which of the following did the speaker not have available in her home

hotwat er
enoudmotioreveryone
herowrbed
ashower

How do you think the speaker would describe her family's experience at

Wit mi xefdeel i ngswasatgoodducatibontt hedi chotl earananyt hipmgacti cal
Excel | entp;r oivti chedsf ami lwy t B stromgademniocundati on.

Poor ; t Bachearsssi gnedmuchomewowhij cihnt er f ewietdet udenaéter
schogloband ami responsibilities.

Di sappointhesghoolf feradtromal tlii nguaducat ibuwmtt hed eachemessr ot
qgual i ftetdeachi ghchool

The speaker could best be described as what type of student?

Academi cadVvagncaends uccessdtudanagibog hj obandchool

Uninter esatnedidor dedi cat elderf ami lamdcherpaperrouttethanoeducati on.
Academi cmddryandinabltecompl ethechomewaoarsksi greevdereyveni ng.

Har wor ki rbgu,tmor focusemherpracti cabponsi bi loiutiseafeschool

What | anguages did the speaker study at Latin School ?

Latianndsr eek

Latif®rencadndSpani sh

Lati Ger maandrench

Latifwmrenc@®er maandSpani sh

How do you think the speaker felt about being in high school with two

Fairliyvyol atbdcaulserbr ot hewmesr somuchl detrhahewas.
Proudecaustked i ni sthedgbhchodwlef omherbrot her s.

Happeyvenfi tmeantthasometi mesmot heni x edpt heilrunches.
Embarrassedausmeefherbr ot hewassconst anmdki igmfherhei ght .

What do you think most defined the speaker's childhood?

poverty

goi ntgot h ey
herpaperrout e
gettiameducation

Text 12

On the platform, in front of the tracks where the train was still stan
of suitcases, perhaps, at t hat moment , there was an air raid and the |
which we had just gotten off was hit It was a steam engine and the sh
you know, the steam escaping was so strong that we were all thrown wit
We al | had brui ses, you know, it was a cement pl atform. But fortunatel
you know, the engine was way up in front and we were way in the back s
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overnight Again, there were air raids all night Il ong. | only remember
going out We were so inured to hese air raids all the time that we d
The next day we boarded this ancient French boat called De Grasse, tha
mot hball s It had already been discarded, but they weren't going to ri
This boat was full of Spanish loyalists, refugees, because the Spanish
were probably th&Spamliywrnenon that boat Everybody spoke Spanish. The b
the Channel , to the British port Sout hampton, and we stayed there for
about 200 ships assembl ed. Most of these, of course, were merchant shi
destroyers and cruisers. This was the end of December, beginning of Ja
After two weeks this convoy |l eft for New York because that was the per
war fare Ger mans were sinking merchant ships right and | eft And | rem
one, it was an extremely stormy passage. My mot her was so deathly seas
other people. For some reason | wasn't seasick at all. But , I still re
one end of the boat, and the ball would remain suspended in midair, yo
down | ike that
It was very, very stor my. Most of the people, who were not too seasick
with Iife vests all day |l ong. They saw submarines everywhere Again, y
people who had just escaped from the Spanish Civil War, and so they we
kind of thing But, the voyage was completely uneventful and | don't r
days or seven days to reach New York Then, we had the pleasure to be
ElI'lis I sland, because we didn''t have any visas for the States, and we
Cuba
So, we were on Ellis I sland, and | remember it very fondly because the
in my mind is getting fresh milk to drink. I hadn't seen fresh milk in
one of the luxury Grace Line boats from New York to Havana, whi ch was
food, and the quantity of food, and all that. Then, we were reunited w
stayed in Cuba for about a year, until February 1941 At that ti me we
States.
Questions Text 12
In order to cross the English Channel, the speaker and her mother appa
at:
aFrenphrt.
aBritiport.
a Dutcphor t .
a Norwegpant .
How |l ong did they have to wait i Sout hampton before they crossed the
2days
4days
2 weeks
4 weeks
The speaker and her mother set out on their journey from Germany in or
hermot herb'rsot hamdi st eémNewor k.
hersi bl i ngchsower ki vimwgthamilfyi enidesNew or k.
thespeakefashehovaswvai tiwigt i safsorhi sf ami loynmEI | ilssl and.
thespeakefashehodcadmi graeaedl iteoHavan@uba.
Why were the other passengers on the merchant ships so terrified that
submarines everywhere during their passage from England to America?
TheGer mawesr eargetahbSpanilsdhyal i s htshevi nt @ef1940.
ThepassengwersEpani shi etsryi ngesca@paimef omarbr okoceut .
Thehhadorecentblepenndeatt adliri ndpeSpani GihviWar .
Theyspokoen!| gpaniamdoulmotunder sttalmedr ewhosreeassur awerespokeml ynEng
l'i sh.
After crossing the Atlantic, the speaker and the speaker's mother were
i nHavan@uba.
onEIl I ilssl and.
ont heDeGr asse.
ont heGr aclei ne.
Which of the following questions was the speaker most I|ikely trying to

Howli kcacmemberfyoufamiliynmi gr ab@uba?

Howli ddouandsoumot henmkgouway oNor tAmer i
Descr iatnggme mor iaebso uttr avel f ngBngl amd EI
Descr ittheemostr aumaevenitnyouchil dhood.

ca?
lis

Il sl and.
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A2
Language Experience and Proficiency Questionnaire (LEAP-Q), Version for Canada

Language Experience and Proficiency Questionnaire (LEAP-Q),
Version for Canada

Participant Code: Study code: Today’s Date:
Age: Country of citizenship: Gender:

Your native language:

Other languages:

(1) Please name the cultures with which you identify. On a scale from zero to ten, please rate the extent to which
you identify with each culture. (Examples of possible cultures include Canadian, US-American, Chinese, etc):
List cultures here
List percentage here:

(2) How many years of formal education do you have?
How many full years have you spent in your current educational institution (0, 1, 2...)?

Please check your highest education level (or the approximate Canadian equivalent to a degree obtained
in another country):

Less than High School College / CEGEP Masters

High School Some University Ph.D./M.D./J.D.
Professional Training University Other:

Some College / CEGEP Some Graduate School

(3) Date of immigration to Canada, if applicable

(4) Have you ever had a vision problem, hearing impairment, language disability, or learning disability?
(List all applicable). If yes, please explain (including any corrections):

(5) Age when you...:
began acquiring English; became fluent in English:  began reading in English: | became fluent reading
in English:

(6) Please list the number of years and months you spent in English environment:
Years Months
A country where English is spoken
A family where English is spoken
A school and/or working environment where English is spoken

(7)On a scale from 0 to 10, please select your level of proficiency in speaking, understanding, and reading
English:
Speaking Understanding spoken langue Reading
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(8) On a scale from 0 to 10, please select how much the following factors contributed to you

learning English:

Interacting with friends Language tapes/self instructi
Interacting with family Watching TV

Reading Listening to the radio

(9) Please rate to what extent you are currently exposed to English in the following contexts:
Interacting with frienc Listening to radio/music
Interacting with famil, Reading
Watching TV Language-lab/self-instruction
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Appendix B

Full GLMM Models for Experiment 1

Table B1
Full GLMM model for comprehension as a function of reading spg@&kperiment 1)

effect group term estimate SE t p
fixed (Intercept) -0.07 0.28 -0.26 798
fixed Speed1 0.09 0.35 0.25 .801
fixed Speed2 -0.07 0.13 -0.51 611
fixed Speed3 -0.01 0.13 -0.09 925
fixed Speed4 0.09 0.13 0.66 .508
fixed Speed5 -0.44 0.13 -3.33 <.001
ran pars subject SD (Intercept) 0.43
ran_pars id text SD (Intercept) 0.42
Table B2

Full GLMM model for comprehension as a function of reading speed and baseline reading
rate (Experiment 1)

effect group term estimate SE t p
fixed (Intercept) -1.07 0.57 -1.87  .062
fixed Speedl -0.51 0.62 -0.82 411
fixed Speed2 -0.19 0.53 -0.36  .721
fixed Speed3 0.10 0.53 0.19  .853
fixed Speed4 -0.39 0.53 -0.73 464
fixed Speed5 -1.19 0.54 221 .027
fixed mean WPM baseline 0.00 0.00 2.00 .046
fixed Speedl:mean_ WPM baseline 0.00 0.00 1.19 235
fixed Speed2:mean. WPM_baseline 0.00 0.00 0.24  .807
fixed Speed3:mean. WPM baseline 0.00 0.00 -0.22 .824
fixed Speed4:mean. WPM baseline 0.00 0.00 0.93  .353
fixed Speed5:mean WPM baseline 0.00 0.00 1.43 152
ran pars subject SD (Intercept) 0.38

ran pars id text SD (Intercept) 0.43




Appendix

Table B3

201

Full GLMM model for comprehension as a function of reading speed and word reading
efficiency (Experiment 1)

effect group term estimate SE t p
fixed (Intercept) -3.33 1.45 -2.30 .022
fixed Speed1 1.13 1.49 0.76 449
fixed Speed2 0.32 1.45 0.22 .826
fixed Speed3 0.01 1.45 0.01 992
fixed Speed4 -0.31 1.45 -0.21 831
fixed Speed5 -1.85 1.45 -1.28 202
fixed TOWRE 0.02 0.01 2.29 .022
fixed Speed1:TOWRE -0.01 0.01 -0.72 471
fixed Speed2: TOWRE 0.00 0.01 -0.27 789
fixed Speed3:TOWRE 0.00 0.01 -0.02 .984
fixed Speed4: TOWRE 0.00 0.01 0.28 782
fixed Speed5:TOWRE 0.01 0.01 0.97 330
ran_pars subject SD (Intercept) 0.41
ran_pars id text SD (Intercept) 0.42

Table B4

Full GLMM model for fixation probability as a function of reading speed (Experiment 1)
effect group term estimate SE z p
fixed (Intercept) 0.97 0.05 19.55 <.001
fixed Speedl -0.03 0.02 -1.81 .070
fixed Speed2 -0.22 0.02 -13.69 <.001
fixed Speed3 -0.32 0.02 -20.17 <.001
fixed Speed4 -0.01 0.02 -0.34 734
fixed SpeedS5 -0.58 0.02 -37.82 <.001
ran_pars  WordClean  SD (Intercept) 0.77
ran_pars  subject SD (Intercept) 0.29
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Table BS

Full GLMM model for first fixation duration as a function of reading speed (Experiment 1)
effect group term estimate SE t p
fixed (Intercept) 204.60 1.38 148.48 <.001
fixed Speedl 12.93 0.70 18.37 <.001
fixed Speed2 -3.68 0.70 -5.28 <.001
fixed Speed3 -7.06 0.70 -10.04 <.001
fixed Speed4 -1.08 0.70 -1.55 0.122
fixed SpeedS5 -9.94 0.72 -13.76 <.001
ran_pars  WordClean SD (Intercept) 11.30
ran_pars  subject SD (Intercept) 7.95
ran_pars  Residual SD Observation 0.36

Table B6

Full GLMM model for gaze duration as a function of reading speed (Experiment 1)
effect group term estimate SE t P
fixed (Intercept) 228.04 1.69 134.84 <.001
fixed Speed1 15.89 0.92 17.23 <.001
fixed Speed2 -6.77 0.90 -7.53 <.001
fixed Speed3 -11.46 0.90 -12.77 <.001
fixed Speed4 -1.59 0.89 -1.80 .072
fixed Speed5 -15.99 0.90 -17.73 <.001
ran_pars  WordClean  SD (Intercept) 22.24
ran_pars  subject SD (Intercept) 9.05
ran_pars  Residual SD Observation 0.42

Table B7

Full GLMM model for total viewing time as a function of reading speed (Experiment 1)
effect group term estimate SE t P
fixed (Intercept) 269.19 2.56 105.31 <.001
fixed Speed1 16.93 1.45 11.65 <.001
fixed Speed2 -28.01 1.38 -20.34 <.001
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effect group term estimate SE t p
fixed Speed3 -32.52 1.28 -25.40 <.001
fixed Speed4 -2.92 1.21 -2.40 .016
fixed Speed5 -28.43 1.20 -23.64 <.001
ran_pars  WordClean  SD (Intercept) 35.57
ran_pars  subject SD (Intercept) 13.73
ran_pars  Residual SD Observation 0.53

Table B8

Full GLMM model for refixation probability as a function of reading speed (Experiment 1)
effect group term estimate SE z p
fixed (Intercept) -2.39 0.07 -34.13 <.001
fixed Speed1 0.01 0.03 0.31 758
fixed Speed2 -0.13 0.03 -4.44 <.001
fixed Speed3 -0.21 0.03 -6.59 <.001
fixed Speed4 -0.03 0.03 -0.77 441
fixed Speed5 -0.37 0.04 -9.50 <.001
ran pars  WordClean  SD (Intercept) 0.71
ran_pars  subject SD (Intercept) 0.39

Table B9

Full GLMM model for regresiion-in probability as a function of reading speed (Experiment 1)
effect group term estimate SE z P
fixed (Intercept) -1.83 0.08 -23.34 <.001
fixed Speedl -0.07 0.02 -3.00 .003
fixed Speed2 -0.15 0.02 -7.13 <.001
fixed Speed3 -0.29 0.02 -12.22 <.001
fixed Speed4 -0.04 0.03 -1.40 161
fixed Speed5 -0.25 0.03 -8.80 <.001
ran_pars  WordClean  SD (Intercept) 0.80
ran_pars  subject SD (Intercept) 0.48
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Full GLMM model for fixation probability as a function of reading speed, word length, and
word frequency (Experiment 1)

effect group term estimate SE z p
fixed (Intercept) -0.34 0.16 -2.11 .035
fixed Speed1 0.06 0.13 0.42 .678
fixed Speed2 -0.21 0.11 -1.90 .058
fixed Speed3 -0.40 0.11 -3.73 .001
fixed Speed4 0.00 0.10 0.00 .997
fixed Speed5 -0.55 0.10 -5.75 .001
fixed WordLength 0.25 0.02 11.32 .001
fixed IFreq -0.13 0.03 -3.64 .001
fixed Speed1:WordLength 0.01 0.02 0.53 .599
fixed Speed2:WordLength 0.00 0.01 0.12 905
fixed Speed3:WordLength 0.02 0.01 1.30 .193
fixed Speed4:WordLength 0.00 0.01 0.05 959
fixed SpeedS:WordLength -0.02 0.01 -1.75 .080
fixed Speed1:1Freq -0.02 0.02 -1.45 148
fixed Speed2:1Freq 0.00 0.01 -0.24 812
fixed Speed3:1Freq 0.00 0.01 0.11 916
fixed Speed4:1Freq 0.00 0.01 -0.13 .900
fixed Speed5:1Freq 0.02 0.01 1.28 201
fixed WordLength:1Freq 0.01 0.01 1.31 .189
ran_pars WordClean SD (Intercept) 0.41

ran_pars subject SD (Intercept) 0.29
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Full GLMM model for first fixation duration as a function of reading speed, word length, and
word frequency (Experiment 1)

effect group term estimate SE t p
fixed (Intercept) 207.34 5.28 39.28  <.001
fixed Speed1 2.38 4.65 0.51 .609
fixed Speed?2 0.04 4.06 0.01 992
fixed Speed3 -5.26 4.09 -1.29 198
fixed Speed4 -8.07 4.02 -2.01 045
fixed Speed5 -6.85 4.09 -1.68 .093
fixed WordLength 1.09 0.67 1.64 102
fixed 1Freq -1.23 1.06 -1.16 244
fixed Speed1:WordLength 0.47 0.53 0.88 381
fixed Speed2:WordLength 0.08 0.46 0.17 .863
fixed Speed3:WordLength 0.28 0.46 0.61 543
fixed Speed4:WordLength 0.46 0.45 1.03 305
fixed Speed5:WordLength 0.10 0.46 0.23 822
fixed Speed1:1Freq 2.02 0.60 337 <.001
fixed Speed2:1Freq -1.01 0.54 -1.86 063
fixed Speed3:1Freq -0.79 0.55 -1.44 150
fixed Speed4:1Freq 1.16 0.54 2.13 .033
fixed SpeedS:1Freq -0.94 0.55 -1.72 .086
fixed WordLength:1Freq -0.33 0.15 -2.15 031
ran_pars  WordClean SD (Intercept) 11.12

ran_pars  subject SD (Intercept) 7.99

ran_pars  Residual SD Observation 0.36
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Full GLMM model for gaze duration as a function of reading speed, word length, and word

frequency (Experiment 1)

effect group term estimate SE t p
fixed (Intercept) 194.28 7.64 25.44  <.001
fixed Speed1 5.28 6.34 0.83 405
fixed Speed?2 0.99 5.35 0.18 854
fixed Speed3 -11.62 5.32 -2.18 029
fixed Speed4 -9.89 5.17 -1.91 056
fixed Speed5 -6.08 5.16 -1.18 239
fixed WordLength 7.85 1.01 7.75  <.001
fixed 1Freq 2.34 1.67 1.40 161
fixed Speed1:WordLength 0.68 0.74 0.93 354
fixed Speed2:WordLength -0.43 0.62 -0.70 486
fixed Speed3:WordLength 0.05 0.60 0.08 936
fixed Speed4:WordLength 0.60 0.59 1.02 309
fixed Speed5:WordLength -1.63 0.59 -2.78 .005
fixed Speed1:1Freq 1.66 0.82 2.04 .042
fixed Speed2:1Freq -1.37 0.71 -1.92 054
fixed Speed3:1Freq -0.04 0.71 -0.05 957
fixed Speed4:1Freq 1.31 0.69 1.89 .059
fixed SpeedS:1Freq -0.43 0.69 -0.63 531
fixed WordLength:1Freq -1.38 0.25 -5.46  <.001
ran_pars  WordClean SD (Intercept) 20.18

ran_pars  subject SD (Intercept) 9.25

ran_pars  Residual SD Observation 0.42
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Full GLMM model for total reading time as a function of reading speed, word length, and
word frequency (Experiment 1)

effect group term estimate SE t )%

fixed (Intercept) 225.29 11.55 19.50  <.001
fixed Speed1 -2.88 10.16 -0.28 177
fixed Speed?2 -12.58 8.41 -1.50 135
fixed Speed3 -22.03 7.77 -2.83 .005
fixed Speed4 -10.93 7.24 -1.51 131
fixed Speed5 -19.69 7.01 -2.81 .005
fixed WordLength 12.72 1.54 826 <.001
fixed IFreq 1.77 2.54 0.70 485
fixed Speed1:WordLength 1.46 1.18 1.25 213
fixed Speed2:WordLength -1.92 0.97 -1.97 .048
fixed Speed3:WordLength -2.47 0.88 -2.81 .005
fixed Speed4:WordLength 0.61 0.82 0.75 453
fixed SpeedS:WordLength -2.09 0.80 -2.62 .009
fixed Speed1:1Freq 2.46 1.31 1.88 .060
fixed Speed2:1Freq -1.45 1.11 -1.30 193
fixed Speed3:1Freq 0.31 1.04 0.30 764
fixed Speed4:1Freq 1.18 0.97 1.22 224
fixed Speed5:1Freq 0.48 0.94 0.51 613
fixed WordLength:1Freq -1.97 0.39 -5.08  <.001
ran_pars  WordClean SD (Intercept) 30.96

ran_pars  subject SD (Intercept) 13.41

ran_pars  Residual SD Observation 0.52
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Full GLMM model for refixation probability as a function of reading speed, word length, and
word frequency (Experiment 1)

effect group term estimate SE z p
fixed (Intercept) -3.66 0.23 -15.71  <.001
fixed Speed1 0.17 0.19 0.93 350
fixed Speed?2 -0.01 0.16 -0.05 961
fixed Speed3 -0.46 0.17 -2.75 .006
fixed Speed4 0.03 0.17 0.15 .884
fixed Speed5 -0.43 0.20 -2.14 032
fixed WordLength 0.24 0.03 8.71  <.001
fixed IFreq -0.05 0.04 -1.22 223
fixed Speed1:WordLength -0.02 0.02 -0.73 465
fixed Speed2:WordLength -0.01 0.02 -0.29 769
fixed Speed3:WordLength 0.04 0.02 2.25 024
fixed Speed4:WordLength -0.01 0.02 -0.28 778
fixed Speed5:WordLength -0.01 0.02 -0.31 759
fixed Speed1:1Freq -0.02 0.02 -0.82 412
fixed Speed2:1Freq -0.03 0.02 -1.21 224
fixed Speed3:1Freq 0.00 0.02 0.01 991
fixed Speed4:1Freq 0.00 0.02 -0.15 .882
fixed SpeedS:1Freq 0.03 0.03 0.98 326
fixed WordLength:1Freq 0.00 0.01 -0.27 789
ran_pars  WordClean SD (Intercept) 0.45
ran_pars  subject SD (Intercept) 0.40
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Full GLMM model for regression-in probability as a function of reading speed, word length,
and word frequency (Experiment 1)

effect group term estimate SE z p
fixed (Intercept) -1.79 0.26 -6.95  <.001
fixed Speed1 -0.48 0.16 -2.98 .003
fixed Speed2 0.05 0.13 0.36 719
fixed Speed3 -0.22 0.14 -1.55 121
fixed Speed4 -0.16 0.15 -1.07 287
fixed SpeedS5 -0.44 0.16 -2.70 .007
fixed WordLength -0.01 0.03 -0.25 .803
fixed IFreq 0.11 0.06 1.95 .051
fixed Speed1:WordLength 0.05 0.02 2.72 .007
fixed Speed2:WordLength -0.03 0.01 -2.01 .044
fixed Speed3:WordLength -0.01 0.02 -0.69 493
fixed Speed4:WordLength 0.02 0.02 1.02 310
fixed SpeedS5:WordLength 0.03 0.02 1.59 113
fixed Speed1:1Freq 0.04 0.02 1.95 051
fixed Speed2:1Freq -0.01 0.02 -0.79 428
fixed Speed3:1Freq 0.00 0.02 -0.20 .842
fixed Speed4:1Freq 0.01 0.02 0.46 .648
fixed Speed5:1Freq 0.01 0.02 0.53 .599
fixed WordLength:1Freq -0.02 0.01 -2.15 .031
ran_pars  WordClean SD (Intercept) 0.79

ran_pars  subject SD (Intercept) 0.48
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Full GLMM model for fixation probability as a function of reading speed and word position

in paragraph (Experiment 1)

effect group term estimate SD z p
fixed (Intercept) 0.40 0.02 17.65 <.001
fixed Speedl 0.05 0.02 2.01 .046
fixed Speed2 0.04 0.01 3.08 .002
fixed Speed3 0.03 0.01 2.35 .019
fixed Speed4 0.03 0.01 1.72 .085
fixed Speed5 0.08 0.01 532 <.001
fixed word_pos 0.00 0.00 4.67 <.001
fixed Speed1:word pos 0.00 0.00 -2.28 .023
fixed Speed2:word_pos 0.00 0.00 -0.05 961
fixed Speed3:word pos 0.00 0.00 1.90 .057
fixed Speed4:word pos 0.00 0.00 -1.40 162
fixed SpeedS:word_pos 0.00 0.00 2.21 .027
ran_pars TRIAL INDEX SD (Intercept) 0.01

ran_pars subject SD (Intercept) 0.05

ran_pars Residual SD Observation 0.49
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Appendix C
Full GLMM Models for Experiment 2
Table C1

Full GLMM model for comprehension as a function of reading speed (comparing adjacent
speeds) (Experiment 2)

effect group term estimate SD t p
fixed (Intercept) 0.06 0.23 0.25 .806
fixed Speedl -0.58 0.26 -2.26 024
fixed Speed2 -0.04 0.15 -0.27 790
fixed Speed3 -0.13 0.15 -0.89 372
fixed Speed4 -0.14 0.15 -0.94 348
fixed Speed5 -0.17 0.15 -1.09 276
ran_pars subject SD (Intercept) 0.62

ran_pars id_text SD (Intercept) 0.27

Table C2

Full GLMM model for comprehension as a function of reading speed (comparing 180wpm to
the remining speeds) (Experiment 2)

effect group term estimate SD t p
fixed (Intercept) -0.32 0.15 -2.09 .036
fixed Speedl -0.17 0.09 -1.75 .080
fixed Speed2 -0.03 0.10 -0.32 .749
fixed Speed3 0.11 0.10 1.16 245
fixed Speed4 0.29 0.10 2.96 .003
ran_pars subject  SD (Intercept) 0.69

ran_pars id_text SD (Intercept) 0.26

Table C3

Full GLMM model for comprehension as a function of reading speed and baseline reading
rate (Experiment 2)

effect group  term estimate SD t p

fixed (Intercept) -0.39 0.70 -0.56 578
fixed Speedl -0.90 0.60 -1.49 135
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effect group  term estimate SD t p
fixed Speed2 -0.70 0.61 -1.14 255
fixed Speed3 0.68 0.63 1.08 282
fixed Speed4 -0.38 0.64 -0.59 557
fixed mean_ WPM baseline 0.00 0.00 -0.03 977
fixed Speedl:mean WPM_baseline 0.00 0.00 1.49 137
fixed Speed2:mean_ WPM_baseline 0.00 0.00 0.95 .343
fixed Speed3:mean_ WPM_baseline 0.00 0.00 -1.34 .180
fixed Speed4:mean. WPM_baseline 0.00 0.00 0.32 752
ran_pars subject SD (Intercept) 0.67

ran_pars id_text SD (Intercept) 0.25

Table C4

Full GLMM model for comprehension as a function of reading speed and word reading

efficiency (Experiment 2)

effect group term estimate SD t

fixed (Intercept) -2.76 1.10 -2.51 .012
fixed Speedl -0.93 1.02 -0.92 .360
fixed Speed2 -1.00 1.06 -0.94 .348
fixed Speed3 1.07 1.06 1.00 315
fixed Speed4 -1.59 1.07 -1.49 137
fixed TOWRE 0.02 0.01 2.18 .029
fixed Speed:TOWRE 0.01 0.01 0.89 372
fixed Speed2: TOWRE 0.01 0.01 0.82 411
fixed Speed3:TOWRE -0.01 0.01 -1.15 250
fixed Speed4: TOWRE 0.01 0.01 1.34 .180
ran_pars subject  SD (Intercept) 0.57

ran_pars id_text SD (Intercept) 0.26
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Table CS

Full GLMM model for fixation probability as a function of reading speed (Experiment 2)
effect group term estimate SD z p
fixed (Intercept) 1.41 0.07 2142 <.001
fixed Speedl -0.26 0.02 -12.98 <.001
fixed Speed2 -0.36 0.02 -19.20 <.001
fixed Speed3 -0.20 0.02 -11.06 <.001
fixed Speed4 -0.47 0.02 -26.79 <.001
fixed Speed5 -0.06 0.02 -3.80 <.001
ran_pars  WordClean  SD (Intercept) 0.66
ran_pars  subject SD (Intercept) 0.36

Table Cé6

Full GLMM model for first fixation duration as a function of reading speed (Experiment 2)
effect group term estimate SD t p
fixed (Intercept) 243.00 1.74 139.92 <.001
fixed Speedl 7.42 0.85 8.75 <.001
fixed Speed2 -3.51 0.86 -4.09 <.001
fixed Speed3 -3.98 0.87 -4.56 <.001
fixed Speed4 -6.76 0.90 -7.53 <.001
fixed Speed5 -0.54 0.92 -0.59 557
ran_pars WordClean SD (Intercept) 12.48
ran_pars  subject SD (Intercept) 8.91
ran_pars  Residual SD Observation 0.36

Table C7

Full GLMM model for gaze duration as a function of reading speed (Experiment 2)
effect group term estimate SD t p
fixed (Intercept) 287.96 2.19 131.31 <.001
fixed Speed1 9.51 1.15 8.30 <.001
fixed Speed2 -7.92 1.14 -6.95 <.001

fixed Speed3 -7.28 1.14 -6.36 <.001
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effect group term estimate SD t p
fixed Speed4 -13.49 1.16 -11.65 <.001
fixed Speed5 -0.31 1.17 -0.27 791
ran_pars  WordClean  SD (Intercept) 28.01
ran_pars  subject SD (Intercept) 10.39
ran_pars  Residual SD Observation 0.42

Table C8

Full GLMM model for total reading time as a function of reading speed (Experiment 2)
effect group term estimate SD t p
fixed (Intercept) 367.89 3.42 107.42 <.001
fixed Speed1 -0.91 1.86 -0.49 .625
fixed Speed2 -34.78 1.78 -19.59 <.001
fixed Speed3 -26.29 1.67 -15.73 <.001
fixed Speed4 -27.53 1.61 -17.14 <.001
fixed Speed5 0.23 1.59 0.15 .885
ran_pars  WordClean  SD (Intercept) 44.68
ran_pars  subject SD (Intercept) 16.40
ran_pars  Residual SD Observation 0.52

Table C9

Full GLMM model for refixation probability as a function of reading speed (Experiment 2)
effect group term estimate SD z p
fixed (Intercept) -1.69 0.06 -26.62 <.001
fixed Speedl -0.06 0.03 -1.87 .061
fixed Speed2 -0.09 0.03 -3.20 .001
fixed Speed3 -0.11 0.03 -3.64 <.001
fixed Speed4 -0.25 0.03 -7.42 <.001
fixed Speed5 -0.02 0.04 -0.67 .503
ran_pars  WordClean  SD (Intercept) 0.70

ran_pars  subject SD (Intercept) 0.31
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Table C10

Full GLMM model for regression in probability as a function of reading speed (Experiment 2)
effect group term estimate SD z p
fixed (Intercept) -2.04 0.06 -33.37 <.001
fixed Speedl 0.09 0.03 2.93 .003
fixed Speed?2 -0.09 0.03 -3.28 .001
fixed Speed3 -0.09 0.03 -2.98 .003
fixed Speed4 -0.10 0.03 -2.87 .004
fixed Speed5 -0.03 0.04 -0.87 383
ran_pars  WordClean  SD (Intercept) 0.51
ran_pars  subject SD (Intercept) 0.31

Table C11

Full GLMM model for fixation probability as a function of reading speed, word length, and
word frequency (Experiment 2)

effect group term estimate SD z p

fixed (Intercept) 0.07 0.15 0.49 .621
fixed Speedl -0.27 0.17 -1.59 112
fixed Speed2 -0.41 0.13 -3.14 .002
fixed Speed3 -0.16 0.12 -1.39 .166
fixed Speed4 -0.42 0.11 -3.68  <.001
fixed Speed5 -0.09 0.11 -0.88 381
fixed WordLength 0.29 0.02 17.13  <.001
fixed 1Freq -0.09 0.02 -499  <.001
fixed Speed1:WordLength -0.04 0.02 -2.00 .046
fixed Speed2:WordLength -0.02 0.02 -1.09 277
fixed Speed3:WordLength 0.01 0.01 0.90 370
fixed Speed4:WordLength -0.02 0.01 -1.44 .149
fixed Speed5:WordLength -0.01 0.01 -0.57 571
fixed Speed1:1Freq 0.03 0.02 1.35 176
fixed Speed2:1Freq 0.03 0.02 1.53 127
fixed Speed3:1Freq -0.02 0.02 -1.26 208
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effect group term estimate SD z p
fixed Speed4:1Freq 0.01 0.01 0.59 .555
fixed Speed5:1Freq 0.01 0.01 1.04 .300
ran_pars  WordClean SD (Intercept) 0.35
ran_pars  subject SD (Intercept) 0.36

Table C12

Full GLMM model for first fixation duration as a function of reading speed, word length, and
word frequency (Experiment 2)

effect group term estimate SD t p
fixed (Intercept) 228.33 5.40 42.27 .001
fixed Speedl 21.66 5.69 3.80 .001
fixed Speed2 -17.16 5.10 -3.36 .001
fixed Speed3 6.76 5.13 1.32 .188
fixed Speed4 -18.01 5.23 -3.45 .001
fixed Speed5 2.81 5.28 0.53 .595
fixed WordLength 2.40 0.60 4.03 .001
fixed IFreq -0.32 0.69 -0.46 .645
fixed Speed1:WordLength -1.86 0.65 -2.84 .005
fixed Speed2:WordLength 1.48 0.58 2.57 .010
fixed Speed3:WordLength -1.09 0.58 -1.87 .061
fixed Speed4:WordLength 1.20 0.59 2.03 .043
fixed SpeedS5:WordLength -0.52 0.60 -0.87 384
fixed Speed1:1Freq -1.34 0.73 -1.82 .069
fixed Speed2:1Freq 1.53 0.68 2.25 .025
fixed Speed3:1Freq -1.30 0.68 -1.89 .058
fixed Speed4:1Freq 1.28 0.70 1.83 .067
fixed Speed5:1Freq -0.18 0.70 -0.25 .803
ran_pars  WordClean SD (Intercept) 12.10

ran_pars  subject SD (Intercept) 9.02

ran_pars  Residual SD Observation 0.36
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Full GLMM model for gaze duration as a function of reading speed, word length, and word

frequency (Experiment 2)

effect group term estimate SD ¢ p
fixed (Intercept) 230.04 7.62 30.18  <.001
fixed Speed1 15.93 8.10 1.97 049
fixed Speed?2 -8.84 7.03 -1.26 209
fixed Speed3 3.82 6.97 0.55 583
fixed Speed4 -21.85 6.94 -3.15 .002
fixed Speeds 5.90 6.93 0.85 395
fixed WordLength 12.55 0.86 1452  <.001
fixed IFreq -6.06 1.00 -6.06  <.001
fixed Speed1:WordLength -2.42 0.95 -2.56 011
fixed Speed2:WordLength -0.85 0.81 -1.05 293
fixed Speed3:WordLength -1.67 0.80 -2.07 .038
fixed Speed4:WordLength -0.12 0.80 -0.14 .885
fixed SpeedS:WordLength -0.51 0.80 -0.64 519
fixed Speed1:1Freq 0.34 1.04 0.32 746
fixed Speed2:1Freq 1.10 0.93 1.19 235
fixed Speed3:1Freq -0.74 0.92 -0.80 424
fixed Speed4:1Freq 2.13 0.92 2.31 021
fixed SpeedS:1Freq -0.90 0.92 -0.98 329
ran_pars  WordClean SD (Intercept) 20.86

ran_pars  subject SD (Intercept) 10.96

ran_pars  Residual SD Observation 0.42

Table C14

Full GLMM model for total viewing time as a function of reading speed, word length, and
word frequency (Experiment 2)

effect

estimate

group term SD t p
fixed (Intercept) 301.74 11.83 2551 <.001
fixed Speedl -9.78 13.39 -0.73 465
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effect group term estimate SD t p
fixed Speed?2 -23.79 11.28 -2.11 035
fixed Speed3 -14.66 10.46 -1.40 161
fixed Speed4 -31.85 9.83 -3.24 .001
fixed Speed5 1.29 9.54 0.13 .893
fixed WordLength 17.12 1.34 12.79  <.001
fixed 1Freq -12.29 1.55 -7.93  <.001
fixed Speed1:WordLength -1.36 1.56 -0.87 385
fixed Speed2:WordLength -3.46 1.30 -2.65 .008
fixed Speed3:WordLength -2.95 1.20 -2.45 014
fixed Speed4:WordLength -2.07 1.13 -1.83 067
fixed SpeedS5:WordLength 0.04 1.10 0.03 973
fixed Speed1:1Freq 2.10 1.72 1.22 222
fixed Speed2:1Freq 1.07 1.49 0.72 472
fixed Speed3:1Freq 0.49 1.39 0.36 721
fixed Speed4:1Freq 3.30 1.31 2.52 .012
fixed Speed5:1Freq -0.30 1.27 -0.24 813
ran_pars  WordClean SD (Intercept) 32.52

ran_pars  subject SD (Intercept) 17.39

ran_pars  Residual SD Observation 0.52

Table C15

Full GLMM model for refixation probability as a function of reading speed, word length, and
word frequency (Experiment 2)

effect group term estimate SD z p

fixed (Intercept) -2.93 0.17 -17.09  <.001
fixed Speed1 -0.10 0.17 -0.61 .539
fixed Speed2 0.13 0.15 0.88 381
fixed Speed3 -0.07 0.16 -0.45 .656
fixed Speed4 -0.49 0.18 -2.73 .006
fixed Speed5 0.24 0.19 1.25 213
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effect group term estimate SD z p
fixed WordLength 0.29 0.02 15.87 <.001
fixed 1IFreq -0.15 0.02 -6.65  <.001
fixed Speed1:WordLength -0.02 0.02 -1.25 211
fixed Speed2:WordLength -0.03 0.02 -1.80 .072
fixed Speed3:WordLength 0.00 0.02 -0.18 .856
fixed Speed4:WordLength 0.02 0.02 1.26 206
fixed Speed5:WordLength -0.01 0.02 -0.72 473
fixed Speed1:1Freq 0.03 0.02 1.55 120
fixed Speed2:1Freq -0.02 0.02 -0.75 455
fixed Speed3:1Freq -0.01 0.02 -0.26 795
fixed Speed4:1Freq 0.02 0.02 1.01 315
fixed Speed5:1Freq -0.05 0.03 -1.96 .050
ran_pars  WordClean SD (Intercept) 0.31

ran_pars  subject SD (Intercept) 0.31

Table C16

Full GLMM model for regression-in probability as a function of reading speed, word length,
and word frequency (Experiment 2)

effect group term estimate SD z p

fixed (Intercept) -1.95 0.20 -9.66  <.001
fixed Speed1 0.10 0.20 0.49 .625
fixed Speed2 -0.07 0.17 -0.43 .664
fixed Speed3 -0.26 0.18 -1.47 142
fixed Speed4 0.20 0.20 1.01 313
fixed SpeedS5 -0.02 0.21 -0.11 .909
fixed WordLength 0.00 0.02 0.17 .862
fixed IFreq -0.02 0.03 -0.91 361
fixed Speed1:WordLength -0.02 0.02 -0.84 .399
fixed Speed2:WordLength -0.02 0.02 -0.84 .399

fixed Speed3:WordLength 0.02 0.02 0.80 421



220

Appendix

effect group term estimate SD z p
fixed Speed4:WordLength -0.05 0.02 -2.11 .035
fixed SpeedS:WordLength 0.00 0.02 -0.14 .889
fixed Speed1:1Freq 0.01 0.03 0.54 .590
fixed Speed2:1Freq 0.01 0.02 0.62 .537
fixed Speed3:1Freq 0.02 0.02 0.93 353
fixed Speed4:1Freq -0.01 0.03 -0.54 588
fixed SpeedS:1Freq 0.00 0.03 0.08 939
ran_pars  WordClean SD (Intercept) 0.52

ran_pars  subject SD (Intercept) 0.31

Table C17

Full GLMM model for fixation probability as a function of reading speed and word position
in paragraph (Experiment 2)

effect group term estimate SD z P
fixed (Intercept) 0.29 0.03 9.66 <.001
fixed Speed1 0.10 0.03 2.96 .003
fixed Speed2 0.10 0.02 5.80 <.001
fixed Speed3 -0.01 0.02 -0.39 .698
fixed Speed4 0.10 0.02 6.35 <.001
fixed SpeedS5 0.01 0.02 0.38 .703
fixed word_pos 0.00 0.00 3.79  <.001
fixed Speedl:word pos 0.00 0.00 -1.93 .055
fixed Speed2:word pos 0.00 0.00 -2.11 .035
fixed Speed3:word pos 0.00 0.00 329  <.001
fixed Speed4:word pos 0.00 0.00 -1.10 270
fixed Speed5:word pos 0.00 0.00 0.59 .559
ran_pars TRIAL INDEX SD (Intercept) 0.02

ran_pars subject SD (Intercept) 0.07

ran_pars Residual SD Observation 0.48




221

Appendix
Appendix D
Model comparison of Experiment 1 and Experiment2

Table D1
ANOVA-style results for comprehension as a function of and language (Experiment 1 & 2)

Effect Chisq Df p

language 15.45 1 <.001

speed 17.29 6 <.001

Language:speed 38.33 4 <.001

Table D2

Full GLMM model for comprehension as a function of reading speed and language

(Experiment 1 & 2)

effect group term estimate ~ SE

fixed (Intercept) 0.25 0.28 0.88 377
fixed language 0.23 0.18 1.23 217
fixed Speed225 0.09 0.30 0.29 772
fixed Speed270 0.03 0.30 0.09 932
fixed Speed350 0.01 0.30 0.02 .985
fixed Speed360 0.11 0.30 0.35 727
fixed Speed405 -0.33 0.30 -1.10 271
fixed Speed180 -0.59 0.31 -1.88 .061
fixed language:Speed225 -0.72 0.20 -3.64 <.001
fixed language:Speed270 -0.82 0.20 -4.10 <.001
fixed language:Speed350 -0.91 0.20 -4.57 <.001
fixed language:Speed360 -1.16 0.20 -5.78 <.001
ran_pars  subject  SD (Intercept) 0.52

ran_pars id text  SD (Intercept) 0.35
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Table D3
ANOVA-style results for first fixation duration as a function of reading speed (Experiment 1
& 2)
Effect Chisq Df p
(Intercept) 22,194.26 1 <.001
Speed 396.94 3 <.001
language 98.80 1 <.001
Speed:language 2.70 3 440
Table D4
Full GLMM model for first fixation duration as a function of reading speed (Experiment 1 &
2)
effect group term estimate SE t p
fixed (Intercept) 224.32 1.51 148.98 .001
fixed Speedl -3.58 0.70 -5.12 .001
fixed Speed2 -7.25 0.70  -10.29 .001
fixed Speed3 -0.90 0.70 -1.28 200
fixed language 22.12 2.23 9.94 .001
fixed Speedl:language -0.54 1.12 -0.48 .628
fixed Speed2:language 1.08 1.14 0.95 344
fixed Speed3:language 0.71 1.16 0.61 540
ran_pars  WordClean SD (Intercept) 10.19
ran_pars  subject SD (Intercept) 9.10
ran_pars  Residual SD Observation 0.36
Table DS
ANOVA-style results for refixation time as a function of reading speed (Experiment 1 & 2)
Effect Chisq Df p
(Intercept) 52.38 1 <.001
Speed 353.37 3 <.001
language 1.00 1 318
Speed:language 73.38 3 <.001
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Table D6

Full GLMM model for refixation time as a function of reading speed (Experiment 1 & 2)
effect group term estimate SE t )%
fixed (Intercept) 27.65 3.82 724  <.001
fixed Speedl -1.83 0.35 -5.24  <.001
fixed Speed2 -2.28 0.16 -14.12 <.001
fixed Speed3 0.00 0.00 0.01 .996
fixed language 4.65 4.65 1.00 318
fixed Speedl:language -0.96 0.81 -1.19 235
fixed Speed2:language -3.17 0.51 -6.26  <.001
fixed Speed3:language 0.00 0.00 0.00 .996
ran_pars  WordClean SD (Intercept) 76.17
ran_pars  subject SD (Intercept) 20.65
ran_pars  Residual SD Observation 4.24

z]z\l/bOl?/:[)-Zlyle results for reread time as a function of reading speed (Experiment 1 &2)
Effect Chisq Df p

(Intercept) 1.55 1 213

Speed 1,759.12 3 <.001

language 0.00 1 953

Speed:language 84.46 3 <.001

Table D8
Full GLMM model for reread time as a function of reading speed (Experiment 1 &2)

effect group term estimate  SE t p

fixed (Intercept) 54.73 43.98 1.24 213
fixed Speedl -21.43 1.46 -14.71 <.001
fixed Speed2 -21.04 0.79 -26.51 <.001
fixed Speed3 0.00 0.00 -0.01 993
fixed language -3.88 65.97 -0.06 953
fixed Speed1:language 3.64 2.00 1.82 .069
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effect group term estimate  SE t P
fixed Speed2:language 7.41 1.07 6.92 <.001
fixed Speed3:language 0.00 0.00 0.01 .994
ran_pars  WordClean SD (Intercept) 45.48
ran_pars  subject SD (Intercept) 295.36
ran_pars  Residual SD Observation 3.26
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Table E1

Independent Samples t-Text for frequency target word (Experiment 3)

Appendix E

Target word properties (Experiment 3)

225

Levene-test t-Test
Variable Varianc F Sig. t df P (two- Mean CI CI (upper
es tailed) differenc  (lower)
(]
Type cqual 24.33 0.00 6.83 141.00 0.00 4821 34.25 62.16
frequency
unequal 24.33 0.00 6.88 71.15 0.00 4821 34.23 62.18
%emma cqual 23.80 0.00 6.63 141.00 0.00 -93.63 65.72 121.55
requency
unequal 23.80 0.00 6.49 69.01 0.00 93.63 64.86 122.40
Familarity  equal 297 009 267 14100 001  -64.60 1671 112.49
unequal 2.97 0.09 2.66 126.22 0.01 -64.60 16.55 112.64
Regularity  equal 025 062 052 14400 0.0 656 -18.20 31.32
unequal 0.25 0.62 0.52 131.22 0.60 6.56 -18.22 31.34
Word equal 1.35 0.25 1.16 144.00 0.25 -0.10 0.07 0.26
length
unequal 1.35 0.25 1.16 143.93 0.25 -0.10 -0.07 0.26
Table E2
Independent Samples t-Text for plausibility target word (Experiment 3)
Levene-test t-Test
Variable Variances F Sig. t df P (two-  Mean CI CI
tailed) difference (lower)  (upper
Type equal 001 91 -11 143 91 -39 7.34 6.55
frequency
unequal 11 12644 91 -39 -7.36 6.58
Lemma equal 0.04 .84 -18 143 86 -1.00  -11.83 9.84
frequency
unequal 18 14235 86 -1.00  -11.84 9.84
Familarity ~ equal 020 .65 .36 144 72 6.70  -29.80  43.19
unequal 36 139.74 72 6.70  -29.81 43.20
Regularity  equal 007 .79 .52 144 61 497  -1410  24.04
unequal 52 119.90 61 497  -14.14 2407
Word length  equal 123 27 -19 144 .85 -47 -0.47 0.40
unequal 19 142.02 85 47 -0.47 0.40
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Appendix F

Text stimuli Experiment 3

Font and line breaks are used as presented in both experiments.
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eits. Viele Stunden safl er an seinem riesigen S
0. Der komplette Bericht/ Spielfilm uber den Fal
tern fertig sein mussen. Er furchtete jetzt sch
eit/ Unrast, die ihn diese Nacht begleiten wurde
ahrung wusste er, dass sein Vorgesetzter bei
uverl dassigkeit keinen SpalR verstand.
stian malt schon seit seiner Kindheit sehr ger
rmotive. Fur das Studium malte der Kunstler ei
panor amas. Sein bester Pinsel/ Stock brach nach
|l angen Arbeit knackend entzwei . Enttéauscht ste
0l / Wasser beiseite und kramte nach einem Ersat
en Pause machte er sich wieder an die Arbeit wu
|l de noch am gleichen Tag fertigstellen
na machte sich am Nachmittag auf den Weg zum
hil feunterricht. Sie argerte sich uber das kat
er an diesem Donnerstag. I hr neuer Mantel/ Vorh
l ett durchnédsst durch den starken Regen Mur r i
Bucher/ Hefter aus dem Rucksack, um si e abzutr
ndest war sie erleichtert, punktlich zum Unter
Onnen.
LLER
nnerstagabend zog ein starker Sturm uber dem
Crew setzte auf See einen Notruf ab und hoffte
ng Der groBe Frachter war in Schieflage ger a
ki ppen. Noch keiner aus der Crew hatte in sei
r ein so schweres Unwetter erlebt. Sie beteten
ten, dass rechtzeitig Hilfe eintreffen wurde
die GroRe des Hauses nimmt Putzen in Janas A
ein. Jede Woche reinigte sie die Sofas in den
Kinder. Die neuen Lappen/ Bursten entfernten S
all en ihren Polstern Auch vom kurzlich gekauf
er/ Bohrer zeigte sie sich durchaus begeistert.
haus und die ausfuhrliche Beratung dort hatten
hnt .
putzte die Sofas?
die Ehel eute Peters noch in der Bergall ee wohn
l os. Jeden Morgen bellte Hermann die vorbei kom
der StrafBe an Der kleine Welpe/ Seel 6we wur de
barschaft von allen verwoéhnt. Die Kinder warte
ter/ Pfosten bis das Tier an ihnen vorbeilief
n sie ihm kleine Leckerchen und tatschelten ih
LLER
ne hatte schon wieder um einiges zu spat mit d
nnen. Wahrend der Klausur wollte sie bei i hrer
barin abgucken. Die aufmerksame Lehrkraft er wi
ch und | ieB sie durchfallen Gott sei Dank hat
e weiteren Auswirkungen auf i hr Studium. Sie n
ndachsten Mal fruher mit dem Lernen anzufangen
tark geregnet wie an diesem Freitag hatte es s
t mehr. Der junge Postbote atmete tief durch wu
seiner Route. Durch das feuchte Unwetter/ KIi ma
bis zur nachstven. HllashuB6chichtende schnappte
seinen Freund/ Roller und fuhr in die Kneipe.
|l angsam, tank ein grofRBes Bier und hoffte, das
k werden.

S5 O I3 T
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9
Fur Marie hatte sich mit der Erdéffnung i hres Laden
er fullt Bedauerlicherweise stand die kleine Bouti
der SchlielBung Wegen der neuen Passage/ Ther me zwe
weiter kamen kaum noch Kunden. Deshal b verursachte
Monate viel Furcht/ Trubel wegen der finanziellen S
10
Stefan war handwerklich schon i mmer auflerordentlic
gewesen. I m Url aub schnitt er vorsichtig die Aste
Wal dhutte durch. Das scharfkantige Messer/ Schilf w
paar Minuten Arbeit stumpf. Er brauchte nun dringe
Fassung/ Ni koti n, um die Frustration zu verkraften.
paar tiefe Atemzuge und machte sich | eicht entmuti
Ar beit
Wann zerkleinerte Stefan die Aste?
11
Zum neuen Jahr nahm sich Armin fest vor, seinen Le
verandern. Dank vi el Sport und guter Erné&hrung wirk
neuer Mensch. Er hatte einige Kilos/ Haare verloren
Zi el naher gekommen. Mit einem neuen Mantel/ Parfum
sich fur seine erkampften Erfolgge Als ndchstes st
Jobwechsel auf -Dei bhesté&ofur as Jahr
12 FILLER
Die Mittagssonne in Agypten war fur die meisten Le
schwer ertraglich Manche der Jungtiere gruben sic
den hei ssen Sand der Wuste. Die kleinen Mause fand
kuhl enden Schutz vor der gluhenden Hitze. So schaf
auch in solch einem heiRBen Klima zu uberl eben. And
weniger geschickt und mussten sich der Hitze gesch
13
Jenni fer wachte erschrocken von einem seltsamen | a
auf Spat in der Nacht alarmierte sie in panischer
Polizei. Ein paar Einbrecher/ Nachbarn standen i m F
betrachteten i hr teures Bild Die flinken Manner/ G
das Bild und verschwanden durch das Fenster Zuti e
erschrocken sah Jennifer ihnen nach und wartete au
heraneil enden Beamten
Wo betrachteten sie das teure Bild?
14
Toni war schon i mmer sehr fasziniert von Tieren un
Monatlich notierte er den Bestand aller wilden Tie
Umgebung. I n seinem Garten/ Keller zahlte er dann d
Vogel und I nsekten. Er arbeitete bis zum Sonntag/ O
und konzentriert an der Liste weiter. Auf einige s
Exempl are auf seiner Liste war er besonders stol z
15
Vi ktor musste nach dem ausgiebigen Url aub auf sein
achten Nachmittags ging er regel mafig zur Backere
weiter. Nicht verkaufte Broétchen/ Mehle wurden dann
des Preises abgegeben. Auf dem Ruckweg besorgte er
Zucker/ Gl asur, um selbst einen Kuchen zu backen. S
hatte demnachst Geburtstag und er wollte ihr etwas
Sel bstgemachtes schenken.
16
Martin hatte heute den gesamten Tag ohne Pause auf
gearbeitet. Nach der anstrengenden Schicht freute
seinen Abend allein. Die heisse Badewanne/ Marinade
wartete bereits zuhause auf 1 hn. Ausnahmsweise ver
Laufen/ Putzen auf einen anderen Tag in der Woche
zu erschoépft und brauchte mal eine Auszeit.
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Appendix
mit einem L&cheln entgegen. Beim Rausgehen | ief er
Scheibe/Vitrine und hinterlielB einen Kratzer. Er e
sich bei dem Personal und war sehr erleichtert, da
einiger Zeit eine Haftpflichtversicherung abgeschl
39 FILLER
Rainer fasste den Entschluss, sich beruflich kompl
orientieren. Er freute sich sehr uber den Start de
zum Heil praktiker. Die Kosten des Instituts erford
hohen Kredit bei seiner Bank. Das hiel't Rainer all
davon ab, diesen Schritt zu gehen. Er sparte dafur
mehr beim Einkaufen und ging weniger aus
40
Letzte Woche hatte Nils einen Ausflug zur polnisch
gemacht An Silvester hatte er illegale Bo6ller aus
gezundet. Das stéandige Piepen/ Morsen in seinem Ohr
seitdem beim Schl afen. Er argerte sich uber seine
Schadaden/ Unreife und bereute die unuberl egte Aktion
Morgen ging er auf Dréangen seiner Freundin zum Ohr
41
Peter nutzte den freien Tag, um eine Runde uber de
gehen. Am Abend nagelte er das neue Poster an die
Schl af zi mmer s. Der eiserne Bolzen/ Speer glitt muhe
Mauer und hielt das Bild an der Wand. Er hatte sei
handwer kliches Wi ssen/ Gespur wieder einmal gekonnt
Mit seinem Vater verbrachte er als Kind einige Nac
der Werkstatt.
42
Ti mo war schon seit seiner Geburt ein eher anstren
Wahrend des Wocheneinkaufs quengelte der nervige J
Zeit Sein Erzieher/ Anwalt wurde spéater mit i hm ei
Wort reden mussen. Nach dem Essen war er ohne Stra
noch zu besanftigen gewesen. Einige Stunden spéater
dann jedoch wieder unbeschwert mit seinen Autos.
Warum sollte mit dem Jungen geredet werden?
43
Jenny |l ernte damals von ihrer GroRBRmutter die Grund
Nahens. Gestern Abend nahte sie einige Flicken auf
Jeans an. Spater verlor sie die Nadel/ Gabel wund ko
|l eider nicht beenden. Sie nahm das Papier/Lineal u
schon einmal das nadchste Projekt vor Dann klingel
i hrer Nachbarin, um sich von dieser Ersatz zu borg
44 FILLER
Linda brauchte in ihrem stressigen Alltag dringend
Ausgl ei ch Nach der Arbeit ging sie oft in den St a
futterte die Tiere Die vielen Spatzen im Park fra
die Brotkrumen aus der Hand Das besondere Verhalt
Tieren gab ihr jedes Mal neue Kraft Auch die fris
sich jedes Mal sehr positiv auf i hr Befinden aus
45
Nach mehreren Monaten Arbeit am Stuck hatte Hannah
frei. I m Sommer flog sie dieses Mal nicht zum Str a
Portugal. Leider wurden ihre Fluge/ Wande gestriche
musste zuhause bl eiben. Die |l andesubliche Nahrung/
sie koébrperlich sowieso nie richtig vertragen. Si e
wie sie ihre freie Zeit sinnvoll nut zen kdédnnt e.
46
Direkt an den Bauernhof grenzt nun seit vierzehn J
Hofl aden. Traditionell erntet der deutsche Bawuer i
seine Felder ab. Die frische Gerste/ Sahne wird oft
einer Woche zum Verkauf angeboten. Besonders belie
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neuen Orten. |l hre verhasste Cousine/ Putzfrau sollt
Fall damit spielen koénnen. Den grofRBen Flugel/ Treso
hielt sie fur ein zuverl dassiges Versteck. Am Abend
fest, dass i hr Teddy sehr schmutzig geworden war.
71
Lara war wunter al/l i hren Freunden als besonders eh
bekannt Dank i hres starken Wi llens siegte sie bei
neuer Bestzeit. Die nadachste L&uferin kam ganze zwe
spater uber die Ziellinie. Stolz auf den Erfolg/ Tr
sie sich fur den Folgetag eine Massage Noch nie h
einen starken Muskel kater wie an diesem Tag gehabt
72
Beteiligung am Haushalt spielte in der Erziehung e
Roll e. Jeden Abend spulte Lukas das Geschirr um se
Zzu bekommen. Der neue Schwamm/ LOofTf el war sehr hilf
Entfernen der Reste Er kaufte sich einen kleinen
von seinem fleiBig verdienten Taschengel d Al s néac
er, fur einen neuen FuBball ZuU sparen.
73
Unter der Woche hielt Isabella sich mehr oder weni
i hren Erndhrungsplan. Am Wochenende ernédhrte sie s
ausschlieBlich von Chips und Al kohol Mit grofler
Ubel keit/ Euphorie verbrachte sie den Montag zwisch
Bad. Aber ihr Streben/ Kumpane motivierte sie im La
wi eder , mehr auf i hren Koérper und i hre Fitness zu
gehoérte nicht nur regel manRiges Kochen, sondern auc
und Bewegung
74
Martin war an der Universitat fur seine Kochkunste
gewesen. I n der Cafeteria frittierte er jeden Tag
Gerichte. Seine Spezialitat Pommes/ Spinat konnte e
zweiten Mittag servieren Dennoch machte ihm die A
in der Cafeteria O6fters zu schaffen. Als Kind hatt
davon getradaumt, ein eigenes Restaurant zu besitzen
Wann konnte seine Spezialitat serviert werden?
75
Lina beobachtete gerne mit einer warmen Tasse Tee
die Tiere. Miris kurzes Fell gl anzte schwarz wund n
brawumwmei 3. Von den anderen Kuhen/Vdédgeln unterschied
damit bereits von Weitem. Auch ihre beiden Tdéchter
hatten sichtlich Freude beim Beobachten der Geschod
freuten sich i mmer, wenn sie etwas Spannendes aus
sehen bekamen.
76
Der Monteur hatte ein komisches Gefuhl, als er am
ankam. Er vergaBR sein wichtigstes Werkzeug in der
drgerte sich sehr. Die neueste Heizung/ Software ko
nicht installieren und fuhr zuruck. Bei der ganzen
passierten dem Monteur mehrere kleine Missgeschick
ruckwarts Einparken am Einsatzort beschadigte er e
Aut o.
77 FILLER
Nach einem | angen Abend in der Kneipe machte sich
Hei mweg. Er fuhr nachts zu schnell mit seinem Rad
einer Kurve. Mit kaputtem Licht musste er es dann
nach Hause schieben. Ni emals hatte er gedacht, das
Unfall/ Unsegen passieren wurde. Zu Hause angekomme
sich voéllig durchgefroren ein heiRBes Bad ein.
78

Letzte Woche hatte Sarah ein erstes Date mit einem



237

Appendix
Arbeitskoll egen. Fur das zweite Date wuberl
Besonderes fur en Abend. Ein romanti sches
dem Dach sollte das Treffen beschlielRen. D
auf Al kohol/ Pastete verzichten Sie kaufte
Traubensaft und bereitete einen Salat vor
79
Martin war kein Mensch, der den Abend gern
verbringt Am spadten Abend verbrannte er z
seiner Garage. Sein silbernes Feuerzeug/ Kl
sehr hilfreiches Werkzeug. AnschlielBend be
einer LOsung/ Mixtur und beendete damit sei
handwer kliche Arbeit am Abend half i hm dab
abzuschalten.
Was fur eine Farbe hatte sein Werkzeug?
80
Ab acht Uhr konnten die Eltern ihre Kinder
abgeben. Jeden Abend um funf Uhr full ten s
Kindergartens. Dann wurden die Kleinen/ Erz
Eltern am Eingang abgeholt. Die Szene bere
Ansehen/ Zusehen ein ganz wohliges Gefuhl .
Kinder zauberten jedem ein Lacheln ins Ges
81 FILLER
Der Alltag an der Universitat war fur Mart
Sonntag nahm der Dozent gerne Abstand vom
All eine auf seiner Terrasse hodérte er sich
H6r buch an. I'm Hintergrund hor er das sch
So konnte er in der Regel gen Kraft fur
sammel n.
82
Jeden Sonntag machten die Mullers nach dem
Spieleabend. Auch die elfte Partie Schach
gegen i hre Schwester. Sie schmiss die Figu
Wand und verlieRB wutend das Zi mmer . Es ert
Brull en/ Gel arme aus i hrem Zi mmer und sie Kk
ElI'tern beschlossen, den Spieleabend fur di
beenden
83
Peter fuhr seit | angem wieder mal mit dem
Schwester. Durch seine Sehschwadache konnte
schwerlich | esen. Er nahm seine Brille/Lin
Zi ffern besser erkennen zu koénnen. Uberrum
Nummer n/ Kurzeln suchte er Hilfe bei dem Sc
Mi t dumterstutzung war er nun optimistisch
erreiche
84
I n der |l okalen Kirchengemeinde gab es seit
Leitung Die 6den Predigten des Pfarrers e
regionale Bekanntheit. Zahlreiche Christen
dennoch jeden Samstag Morgen aufmerksam zu
anti ke Rahmen/ |l konen restaurieren, um den
Gemeinde war von der Schodéonheit der Objekte
bedankte sich herzlich.
85
Am Wahltag werden die Stimmzettel zund&achst
ausgefullt. Am Ende sollten alle berechtig
Stimmzettel ei nwer fen. Die groBen Urnen/ T6o
prominent neben dem Ausgang platziert Pl 6
Tell er/ Kiesel auf den Boden und erschreckt
wahl er I nsgesamt verlief der Tag all erdin
ereignislos und konnte als Erfolg gewertet

®ms oo

[¢)

50O TS QT Q

OO~ ax
wo—o>

XO S >S5T © o

no —o —a »:— o — =
o — —
S0 S c

o

D - Q D

—+
>SOoOcCc tTOW!w

S OTw»



238

Appendix

FILLER
war

8 6
Anj a

auf
c h

k

t i hrer Mu s i
hatte Anj a i

mi

Konzert

dr ei Monat en

seit
i

nun

e

S

hr |l et zt es

Fur

gewesen.

LT
- C
(7]
O —
——
— @®©
—.
O .-
2o
m
[
o C
(SR <H)
XX
—
n ©
n C
O .—
— €
¥
>
C o
()
- O
2 o
O o
L
o C
P -
cC o
()
- QO
N g
-0
— .
—
= o
©
.
- O
(@]
[S2N0)]
— O
S b —
O -
o S
S ou

Fol getag i der Zeitung.

87

wegen des Miss
ng

ttag

Nachmi

e hatte den gesamten
ei

Mar i

den Eher.i i m Ke
Ki sten/ Tasten war
daneben

ch

Manuel
ver se

fand

chtert

Er |
eder .

schen di

Zwi

Wi

dort

den
zuruckversnat Geschi

88
Di

er
[

fand

fuhl te
vergangenen

ei

u erkennen. Gl

z

kaum
Expeditionen

und
von

ch

S

Er

Vat er s.

eines

S
chten

z

| @&ngst

i ner

e

Abenteuer
Anstrengung

i nen

e
el

jedes Jahr
mi

e

Wi

macht en

Freunde
und

e

Paddel / Pfannen

\Y

t

Lars ruderten
ver |l

Si
ngen

pen. Tim

Al

mi

sch

i hr e

e or en

Bergen.

den

n

e Well en/ Gi

di

Dur ch

fest

nun

hi

und

Wasser

Schwanken.

ns

ver suchten,

angsam

hal ten und da

Z U

das Gl eichgewicht

e

Si

retten.

ch der Fl uss?

S

bef and

Wo



239

Appendix
Appendix G
Full GLMM Models for Experiment 3
Table G1
Full GLMM model for fixation probability as a function of reading speed (Experiment 3)
effect group term estimate SE z p
fixed (Intercept) 0.78 0.07 11.27 <.001
fixed Speed1 -0.05 0.03 -2.12 .034
fixed Speed2 -0.28 0.03 -10.96 <.001
fixed Speed3 -0.27 0.02 -10.79 <.001
ran_pars Page SD (Intercept) 0.06
ran_pars Subject SD (Intercept) 0.43
Table G2
Full GLMM model for first fixation duration as a function of reading speed (Experiment 3)
effect group term estimate SE t p
fixed (Intercept) 198.85 1.69 117.35 <.001
fixed Speedl 10.66 0.90 11.85 <.001
fixed Speed2 -4.41 0.92 -4.80 <.001
fixed Speed3 -5.35 0.93 -5.73 <.001
ran_pars  Page SD (Intercept) 2.16
ran_pars Subject SD (Intercept) 9.81
ran_pars  Residual ~ SD Observation 0.35
Table G3
Full GLMM model for gaze duration as a function of reading speed (Experiment 3)
effect group term estimate SE t P
fixed (Intercept) 227.50 3.05 74.69 <.001
fixed Speedl 17.21 1.65 10.41 <.001
fixed Speed2 -9.73 1.68 -5.80 <.001
fixed Speed3 -10.77 1.69 -6.39 <.001
ran pars  Page SD (Intercept) 4.42

ran_pars  Subject

SD (Intercept) 17.59
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effect group term estimate SE t p
ran_pars  Residual ~ SD Observation 0.47

Table G4

Full GLMM model for total reading time as a function of reading speed (Experiment 3)
effect group term estimate SE t p
fixed (Intercept) 272.90 4.90 55.64 <.001
fixed Speedl 3.99 2.29 1.74 .081
fixed Speed2 -31.45 2.28 -13.82 <.001
fixed Speed3 -20.87 2.24 -9.31 <.001
ran_pars  Page SD (Intercept) 6.00
ran_pars Subject SD (Intercept) 29.25
ran_pars  Residual  SD Observation 0.54

Table G5

Full GLMM model for refixation probability as a function of reading speed (Experiment 3)
effect group term estimate SE z )4
fixed (Intercept) -1.82 0.08 -21.84 <.001
fixed Speed1 0.07 0.04 1.92 .055
fixed Speed2 -0.11 0.04 -2.99 .003
fixed Speed3 -0.14 0.04 -3.66 <.001
ran_pars Page SD (Intercept) 0.09
ran_pars Subject  SD (Intercept) 0.50

Table G6

Full GLMM model for regression-in probability as a function of reading speed (Experiment

3)
effect group term estimate SE z p
fixed (Intercept) -1.73 0.07 -26.35 <.001
fixed Speed1 -0.10 0.02 -5.23 <.001
fixed Speed2 -0.24 0.02 -11.04 <.001
fixed Speed3 -0.19 0.03 -7.71 <.001
ran_pars TrialNum  SD (Intercept) 0.01
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effect group term estimate SE z p
ran_pars Subject SD (Intercept) 0.41
Table G7

Full GLMM model for fixation probability as a function of reading speed and baseline

reading rate (Experiment 3)

effect group term estimate SE z p
fixed (Intercept) 0.49 0.08 6.44  <.001
fixed Speed1 -0.05 0.03 -1.56 118
fixed Speed?2 -0.26 0.03 -8.69  <.001
fixed Speed3 -0.29 0.03 -9.88  <.001
fixed baseline rate 0.58 0.10 556  <.001
fixed Speed1:baseline rate -0.02 0.03 -0.48 .629
fixed Speed2:baseline_rate -0.03 0.03 -1.02 308
fixed Speed3:baseline rate 0.05 0.03 1.53 127
ran_pars Page SD (Intercept) 0.06

ran_pars  Subject SD (Intercept) 0.33

Table G8

Full GLMM model for first fixation duration as a function of reading speed and baseline
reading rate (Experiment 3)

effect group term estimate SE t p
fixed (Intercept) 183.75 1.99 9239 <.001
fixed Speed1 10.32 1.08 9.56  <.001
fixed Speed?2 -5.43 1.12 -4.86 <.001
fixed Speed3 -4.69 1.15 -4.08 <.001
fixed baseline rate 29.80 2.68 11.11  <.001
fixed Speedl:baseline rate 0.74 1.21 0.62 538
fixed Speed2:baseline rate 2.01 1.26 1.59 112
fixed Speed3:baseline rate -1.28 1.31 -0.98 328
ran_pars Page SD (Intercept) 2.17

ran_pars Subject  SD (Intercept) 7.98
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effect group term estimate SE t p
ran_pars Residual SD Observation 0.35

Table G9

Full GLMM model for gaze duration as a function of reading speed and baseline reading rate

(Experiment 3)
effect group term estimate SE t p
fixed (Intercept) 205.17 3.25 63.13 <.001
fixed Speed1 14.32 1.88 7.61  <.001
fixed Speed?2 -11.06 1.92 -5.75  <.001
fixed Speed3 -6.58 1.95 -3.37 <.001
fixed baseline rate 43.03 4.30 10.00 <.001
fixed Speedl:baseline rate 6.34 1.90 334 <.001
fixed Speed2:baseline rate 2.67 1.98 1.35 177
fixed Speed3:baseline rate -8.72 2.01 -434  <.001
ran_pars Page SD (Intercept) 4.45
ran_pars Subject  SD (Intercept) 12.87
ran_pars Residual SD Observation 0.47

Table G10

Full GLMM model for total reading time as a function of reading speed and baseline reading

rate (Experiment 3)

effect group term estimate SE t P
fixed (Intercept) 232.77 4.69 49.67 <.001
fixed Speed1 7.25 2.57 2.82 .005
fixed Speed?2 -26.59 258  -1032  <.001
fixed Speed3 -15.19 2.55 596  <.001
fixed baseline rate 78.52 6.27 12.52 <.001
fixed Speedl:baseline rate -7.38 2.75 -2.69 .007
fixed Speed2:baseline rate -10.69 2.69 -3.98 <.001
fixed Speed3:baseline rate -13.04 2.58 -5.06 <.001
ran_pars Page SD (Intercept) 6.04
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effect group term estimate SE t p
ran_pars Subject  SD (Intercept) 18.92
ran_pars Residual SD Observation 0.54
Table G11

Full GLMM model for refixation probability as a function of reading speed and baseline
reading rate (Experiment 3)

effect group term estimate SE z p
fixed (Intercept) -2.01 0.11 -18.63  <.001
fixed Speedl 0.01 0.05 0.22 .823
fixed Speed2 -0.15 0.05 -3.20 .001
fixed Speed3 -0.13 0.05 -2.47 .013
fixed baseline rate 0.38 0.15 2.59 .010
fixed Speed1:baseline rate 0.10 0.05 2.12 .034
fixed Speed2:baseline rate 0.07 0.05 1.36 173
fixed Speed3:baseline rate -0.02 0.05 -0.36 722
ran_pars Page SD (Intercept) 0.10

ran_pars  Subject SD (Intercept) 0.45

Table G12

Full GLMM model for regression-in probability as a function of reading speed and baseline
reading rate (Experiment 3)

effect group term estimate SE z P
fixed (Intercept) -1.82 0.09 -19.81 <.001
fixed Speed1 -0.04 0.03 -1.48 .140
fixed Speed2 -0.21 0.03 -6.24  <.001
fixed Speed3 -0.19 0.04 -4.66  <.001
fixed baseline rate 0.17 0.13 1.37 170
fixed Speed1:baseline rate -0.09 0.04 -2.23 .026
fixed Speed2:baseline rate -0.04 0.04 -0.91 .360
fixed Speed3:baseline rate -0.01 0.05 -0.24 813
ran_pars TrialNum SD (Intercept) 0.01
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effect group term estimate SE z p
ran_pars  Subject SD (Intercept) 0.40

Table G13

Full GLMM model for fixation probability as a function of reading speed and working

memory capacity (Experiment 3)
effect group term estimate SE z p
fixed (Intercept) 0.62 0.09 7.05 <.001
fixed Speedl -0.03 0.03 -1.08 281
fixed Speed2 -0.22 0.03 -7.21 <.001
fixed Speed3 -0.26 0.03 -8.70  <.001
fixed wm_capacity 0.34 0.12 2.71 .007
fixed Speedl:wm_capacity -0.05 0.03 -1.45 146
fixed Speed2:wm_capacity -0.12 0.03 -3.69  <.001
fixed Speed3:wm_capacity -0.03 0.03 -0.89 372
ran_pars  Page SD (Intercept) 0.06
ran_pars  Subject  SD (Intercept) 0.39

Table G14

Full GLMM model for first fixation duration as a function of reading speed and working
memory capacity (Experiment 3)

effect

group term estimate SE statistic p
fixed (Intercept) 191.03 2.21 86.30  <.001
fixed Speedl 11.08 1.08 1021  <.001
fixed Speed2 -5.16 1.12 -4.63  <.001
fixed Speed3 -5.04 1.13 -448  <.001
fixed wm_capacity 16.18 3.08 525 <.001
fixed Speedl:wm_capacity -0.80 1.21 -0.66 507
fixed Speed2:wm_capacity 1.49 1.26 1.18 238
fixed Speed3:wm_capacity -0.62 1.31 -0.48 .634
ran_pars  Page SD (Intercept) 2.16
ran_pars  Subject SD (Intercept) 9.34
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effect group term estimate SE statistic p
ran_pars Residual SD Observation 0.35
Table G15

Full GLMM model for gaze duration as a function of reading speed and working memory

capacity (Experiment 3)

effect group term estimate SE t p
fixed (Intercept) 214.04 3.82 5597 <.001
fixed Speedl 16.40 1.89 8.69  <.001
fixed Speed2 -10.85 1.93 -5.63 <.001
fixed Speed3 -9.63 1.92 -5.02 <.001
fixed wm_capacity 27.49 5.27 5.21 <.001
fixed Speedl:wm_capacity 1.78 1.90 0.94 348
fixed Speed2:wm_capacity 2.37 1.98 1.19 232
fixed Speed3:wm_capacity -2.44 2.02 -1.21 226
ran_pars  Page SD (Intercept) 4.43

ran_pars  Subject SD (Intercept) 16.14

ran_pars  Residual ~SD Observation 0.47

Table G16

Full GLMM model for total reading time as a function of reading speed and working memory

capacity (Experiment 3)

effect group term estimate SE t p
fixed (Intercept) 251.85 6.12 41.17  <.001
fixed Speedl 3.62 2.63 1.38 .168
fixed Speed2 -30.36 260  -11.68  <.001
fixed Speed3 -18.95 2.52 -7.51  <.001
fixed wm_capacity 42.81 8.53 502 <.001
fixed Speedl:wm_capacity 0.76 2.74 0.28 781
fixed Speed2:wm_capacity -2.26 2.68 -0.84 .399
fixed Speed3:wm_capacity -4.61 2.59 -1.78 .075
ran pars  Page SD (Intercept) 6.01
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effect group term estimate SE t p
ran_pars  Subject SD (Intercept) 26.48
ran_pars Residual SD Observation 0.54
Table G17

Full GLMM model for refixation probability as a function of reading speed and working
memory capacity (Experiment 3)

effect group term estimate SE z p
fixed (Intercept) -1.96 0.11 -18.26 <.001
fixed Speedl 0.04 0.04 0.86 392
fixed Speed2 -0.13 0.05 -2.77 .006
fixed Speed3 -0.13 0.05 -2.70 .007
fixed wm_capacity 0.31 0.15 2.05 .040
fixed Speedl:wm_capacity 0.05 0.04 1.22 222
fixed Speed2:wm_capacity 0.03 0.05 0.61 .545
fixed Speed3:wm_capacity -0.02 0.05 -0.32 749
ran_pars  Page SD (Intercept) 0.09

ran_pars  Subject  SD (Intercept) 0.47

Table G18

Full GLMM model for regression-in probability as a function of reading speed and working
memory capacity (Experiment 3)

effect group term estimate SE z p
fixed (Intercept) -1.83 0.09  -2030 <.001
fixed Speedl -0.10 0.03 -3.41 <.001
fixed Speed2 -0.23 0.03 =722 <.001
fixed Speed3 -0.21 0.04 -5.60  <.001
fixed wm_capacity 0.19 0.13 1.48 139
fixed Speedl:wm_capacity 0.00 0.04 -0.09 929
fixed Speed2:wm_capacity -0.01 0.04 -0.19 .853
fixed Speed3:wm_capacity 0.03 0.05 0.55 .585
ran_pars  TrialNum SD (Intercept) 0.01
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effect group term estimate SE z p
ran_pars  Subject SD (Intercept) 0.40

Table G19

Full GLMM model for fixation probability as a function of reading speed and word frequency

(Experiment 3)
effect group term estimate SE z p
fixed (Intercept) 1.57 0.25 6.36 <.001
fixed Speedl -0.03 0.29 -0.09 928
fixed Speed2 -0.03 0.28 -0.09 925
fixed Speed3 -0.88 0.27 -3.26 .001
fixed Frequency 0.88 0.29 3.04 .002
fixed Speed1:Frequency -0.23 0.40 -0.57 568
fixed Speed2:Frequency -0.31 0.38 -0.81 421
fixed Speed3:Frequency 0.33 0.34 0.95 341
ran_pars  Page SD (Intercept) 0.47
ran_pars  Subject  SD (Intercept) 0.74

Table G20

Full GLMM model for first fixation duration as a function of reading speed and word

frequency (Experiment 3)
effect group term estimate SE t p
fixed (Intercept) 202.66 6.08 33.33 <.001
fixed Speed1 -0.29 6.54 -0.04 .964
fixed Speed2 0.45 6.57 0.07 .945
fixed Speed3 -12.26 6.81 -1.80 .072
fixed Frequency 21.44 6.77 3.17 .002
fixed Speedl:Frequency -2.69 8.35 -0.32 748
fixed Speed2:Frequency -4.60 8.35 -0.55 .582
fixed Speed3:Frequency 9.41 8.63 1.09 275
ran_pars  Page SD (Intercept) 10.61
ran_pars  Subject SD (Intercept) 18.59
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effect group term estimate SE t p
ran_pars  Residual ~ SD Observation 0.32

Table G21

Full GLMM model for gaze duration as a function of reading speed and word frequency

(Experiment 3)
effect group term estimate SE t p
fixed (Intercept) 217.69 8.63 25.22 <.001
fixed Speed1 -2.87 9.22 -0.31 755
fixed Speed2 8.99 9.28 0.97 332
fixed Speed3 -23.17 9.58 -2.42 .016
fixed Frequency 38.51 9.45 4.08 <.001
fixed Speedl:Frequency -2.97 11.81 -0.25 .801
fixed Speed2:Frequency -20.58 11.71 -1.76 .079
fixed Speed3:Frequency 16.52 11.93 1.38 .166
ran_pars  Page SD (Intercept) 16.39
ran_pars  Subject SD (Intercept) 27.30
ran_pars  Residual ~ SD Observation 0.40

Table G22

Full GLMM model for total viewing time as a function of reading speed and word frequency

(Experiment 3)
effect group term estimate SE t p
fixed (Intercept) 269.79 13.83 19.51 <.001
fixed Speed1 -5.68 15.44 -0.37 713
fixed Speed2 -12.77 15.00 -0.85 395
fixed Speed3 -35.82 14.89 -2.41 .016
fixed Frequency 63.52 14.80 4.29 <.001
fixed Speed1:Frequency -28.14 19.78 -1.42 155
fixed Speed2:Frequency -24.02 18.43 -1.30 .193
fixed Speed3:Frequency -6.18 17.41 -0.36 7122
ran_pars  Page SD (Intercept) 30.02
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effect group term estimate SE t p
ran_pars  Subject SD (Intercept) 42.81
ran_pars  Residual ~ SD Observation 0.49

Table G23

Full GLMM model for refixation probability as a function of reading speed and word

frequency (Experiment 3)
effect group term estimate SE z p
fixed (Intercept) -2.74 0.31 -8.96 <.001
fixed Speedl -0.15 0.31 -0.47 .638
fixed Speed2 0.20 0.31 0.65 516
fixed Speed3 -0.60 0.35 -1.70 .090
fixed Frequency 0.79 0.33 2.38 .017
fixed Speedl:Frequency 0.04 0.37 0.10 917
fixed Speed2:Frequency -0.38 0.38 -0.99 322
fixed Speed3:Frequency 0.45 0.43 1.04 298
ran_pars  Page SD (Intercept) 0.39
ran_pars  Subject  SD (Intercept) 0.78

Table G24

Full GLMM model for regresiion-in probability as a function of reading speed and word

frequency (Experiment 3)

effect group term estimate SE z p
fixed (Intercept) -2.27 0.24 -9.39 <.001
fixed Speedl 0.11 0.21 0.53 .599
fixed Speed2 -0.13 0.22 -0.59 .553
fixed Speed3 -0.58 0.31 -1.90 .057
fixed Frequency 0.51 0.28 1.83 .068
fixed Speedl:Frequency -0.37 0.27 -1.39 165
fixed Speed2:Frequency 0.12 0.29 0.41 .680
fixed Speed3:Frequency 0.29 0.38 0.77 439
ran_pars  TrialNum SD (Intercept) 0.27
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effect group term estimate SE z p
ran_pars  Subject SD (Intercept) 0.42

Table G25

Full GLMM model for fixation probability as a function of reading speed, word frequency,

and baseline reading rate (Experiment 3)
effect group term estimate SE z p
fixed (Intercept) 1.31 0.30 430 <.001
fixed Speed1 -0.40 035 -1.14 254
fixed Speed2 0.00 0.34  -0.01 .990
fixed Speed3 -0.87 0.33 -2.65 .008
fixed Frequency 0.49 0.37 1.34 .180
fixed baseline rate 0.37 0.41 0.92 .360
fixed Speed1:Frequency 0.15 0.50 0.30 763
fixed Speed2:Frequency 0.09 0.49 0.18 .861
fixed Speed3:Frequency -0.15 046  -0.32 752
fixed Frequency:baseline rate 1.00 0.59 1.68 .093
fixed ?rzegj;elffﬁgfie 089 049 18  .069
fixed fs’rlc)leligszelflrl?:_lf;e 001 051 -001 .91
fixed E%eﬁgseffggffte 012 047 025 800
fixed Speed1:Frequency:baseline rate 0.00 0.67  -0.01 .995
fixed Speed2:Frequency:baseline rate -0.99 0.59  -1.67 .095
fixed Speed3:Frequency:baseline rate 1.08 0.51 2.13 .033
ran_pars Page SD (Intercept) 0.47
ran_pars Subject SD (Intercept) 0.60
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Full GLMM model for first fixation duration as a function of reading speed, word frequency,
and baseline reading rate (Experiment 3)

effect group term estimate  SE t p
fixed (Intercept) 200.52 8.05 2491 <.001
fixed Speedl -5.13 8.41  -0.61 542
fixed Speed2 3.30 8.46 0.39 697
fixed Speed3 -5.74 899  -0.64 523
fixed Frequency 21.46 9.35 2.29 022
fixed wm_capacity 442 10.81 0.41 .683
fixed Speedl:Frequency 0.96 11.52 0.08 933
fixed Speed2:Frequency -7.84  11.37  -0.69 491
fixed Speed3:Frequency 11.15  11.79 0.95 345
fixed Frequency:wm_capacity -1.63 1322 -0.12 902
fixed ?rzevevﬂfzggﬁﬁy 947 11.16 085  .397
fixed E‘;ﬁﬁigﬁ;ﬁi}, 516 1135 -0.45 649
fixed ?rzevev‘ii_fzg;l;%ﬁy 1350 11.86  -1.14 255
fixed Speedl:Frequency:wm_capacity 2.10 11.83 0.18 .859
fixed Speed2:Frequency:wm_capacity 1.15  11.82 0.10 922
fixed Speed3:Frequency:wm_capacity  -19.17 11.95  -1.60 .109
ran_pars Page SD (Intercept) 10.56

ran_pars Subject SD (Intercept) 18.11

ran_pars Residual SD Observation 0.32
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Table G27

Full GLMM model for gaze duration as a function of reading speed, word frequency, and

baseline reading rate (Experiment 3)

252

effect group term estimate  SE t p

fixed (Intercept) 203.30  10.78  18.85 <.001
fixed Speed1 -13.09  11.67 -1.12 262
fixed Speed?2 034 1146 0.03 976
fixed Speed3 -16.26 12.00  -1.35 176
fixed Frequency 23.11  12.65 1.83 068
fixed baseline rate 21.26  14.06 1.51 130
fixed Speedl:Frequency -3.78 1552 -0.24 .808
fixed Speed2:Frequency -5.65 15.15  -0.37 709
fixed Speed3:Frequency 6.20 15.80 0.39 .695
fixed Frequency:baseline rate 32.39  18.04 1.80 073
fixed Erzesj:eﬁggfie 2366 1488 159 112
fixed E‘(’leggszeffr?:f:w 1879 1525 123 218
fixed Eﬂeﬁgfeffﬁgfie 1420 1587 089 371
fixed Speed1:Frequency:baseline rate 2531 17.00 1.49 136
fixed Speed2:Frequency:baseline rate  -15.20 16.65  -0.91 361
fixed Speed3:Frequency:baseline rate 6.04 16.35 0.37 712

ran_pars Page

ran_pars Subject

SD (Intercept) 15.79
SD (Intercept) 22.09

ran_pars Residual SD Observation 0.39
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Full GLMM model for total reading time as a function of reading speed, word frequency, and

baseline reading rate (Experiment 3)

effect group term estimate ~ SE t p
fixed (Intercept) 23492 1625 1446 <.001
fixed Speedl -0.85 18.70  -0.05 964
fixed Speed2 -33.64 1794  -1.87 061
fixed Speed3 -21.97 1778  -1.24 217
fixed Frequency 30.84 18.71 1.65 .099
fixed baseline rate 63.19 21.09 3.00 .003
fixed Speed1:Frequency -1221 2472 -049 621
fixed Speed2:Frequency 11.92  23.57 0.51 613
fixed Speed3:Frequency -23.51 2257 -1.04 298
fixed Frequency:baseline rate 71.20  28.50 2.50 012
fixed Erzesj:eﬁggfie 1177 23.88  -049 622
fixed E‘(’leggszeffr?:f:w 47.08 23.15 203 042
fixed gzegjselffggfie 3025 2280 -133 185
fixed Speedl:Frequency:baseline rate  -44.64 29.87  -1.49 135
fixed Speed2:Frequency:baseline rate  -37.55 27.06  -1.39 165
fixed Speed3:Frequency:baseline rate 8.73 24.04 0.36 17
ran_pars Page SD (Intercept) 29.47

ran_pars Subject SD (Intercept) 31.86

ran_pars Residual SD Observation 0.48
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Full GLMM model for refixation probability as a function of reading speed, word frequency,
and baseline reading rate (Experiment 3)

effect group term estimate SE z p
fixed (Intercept) -3.17 0.61 -5.17  <.001
fixed Speed1 -0.65 046 -1.41 158
fixed Speed?2 0.04 0.53 0.08 939
fixed Speed3 -1.25 081  -1.55 122
fixed Frequency 0.81 0.68 1.19 236
fixed baseline rate 0.45 0.70 0.64 521
fixed Speedl:Frequency 0.28 0.60 0.47 .637
fixed Speed2:Frequency 0.04 0.67 0.06 949
fixed Speed3:Frequency 0.89 0.93 0.96 338
fixed Frequency:baseline rate 0.26 0.79 0.33 744
fixed Erzesj:eﬁggfie 096 059 164 .10
fixed E‘(’leggszeffr?:f:w 023 062 037 712
fixed gzegjselffggfie 0.78 088 088 376
fixed Speedl:Frequency:baseline rate 0.37 0.49 0.76 447
fixed Speed2:Frequency:baseline rate -0.40 0.52  -0.77 439
fixed Speed3:Frequency:baseline rate 0.27 0.58 0.47 .640
ran_pars Page SD (Intercept) 0.40

ran_pars Subject SD (Intercept) 0.72
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Table G30

Full GLMM model for regression-in probability as a function of reading speed, word

frequency, and baseline reading rate (Experiment 3)

255

effect group term estimate  SE z p
fixed (Intercept) -249 038  -6.64 <.001
fixed Speedl 042  0.32 1.31 190
fixed Speed2 -0.21 031  -0.67  .500
fixed Speed3 -0.69 047 -146  .144
fixed Frequency 0.38 0.45 0.85 397
fixed baseline rate 0.38 047 0.80 422
fixed Speed1:Frequency -0.28 042  -0.67  .503
fixed Speed2:Frequency 0.52 042 1.25 212
fixed Speed3:Frequency 0.11 0.58 0.18 .855
fixed Frequency:baseline rate 021  0.57 037 714
fixed ?rzegg:elffggfie 0.51 039  -130  .194
fixed E‘(’leggszelflrl‘j:f;e 0.13 040 033 744
fixed ?rzegjselfffgffte 0.18 0.60 030 .762
fixed Speedl:Frequency:baseline rate -0.62 036 -1.72 .085
fixed Speed2:Frequency:baseline rate -0.60 040 -1.52 .129
fixed Speed3:Frequency:baseline rate 0.55 048 1.15 248
ran_pars TrialNum SD (Intercept) 0.28

ran_pars Subject SD (Intercept) 0.42
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Table G31
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Full GLMM model for fixation probability as a function of reading speed, word frequency,
and working memory capacity (Experiment 3)

effect group term estimate SE z p
fixed (Intercept) 1.71 0.32 529 <.001
fixed Speed1 -0.51 037 -1.40 162
fixed Speed?2 -0.09 034  -0.26 798
fixed Speed3 -0.63 033 -1.91 056
fixed Frequency 0.37 0.38 0.98 327
fixed wm_capacity -0.37 043 -0.86 388
fixed Speedl:Frequency 0.09 0.51 0.17 .865
fixed Speed2:Frequency 0.77 0.52 1.49 137
fixed Speed3:Frequency -0.48 049  -0.99 321
fixed Frequency:wm_capacity 1.03 0.60 1.72 .086
fixed ?rzevevﬂfzggﬁﬁy 110 049 223 .026
fixed E‘;ﬁ‘ﬁigﬁ;ﬁi}, 023 052 044 663
fixed ?rzevev‘g_fzg;l;%ﬁy 067 048 -139 163
fixed Speedl:Frequency:wm_capacity 0.79 0.73 1.07 284
fixed Speed2:Frequency:wm_capacity -2.52 0.68 -3.68 <.001
fixed Speed3:Frequency:wm_capacity 1.00 0.52 1.94 052
ran_pars Page SD (Intercept) 0.48

ran_pars Subject SD (Intercept) 0.72
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Table G32
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Full GLMM model for first fixation duration as a function of reading speed, word frequency,

and working memory capacity (Experiment 3)

effect group term estimate ~ SE t p
fixed (Intercept) 192.28 7.96 2417 <.001
fixed Speedl -7.87 8.49  -0.93 354
fixed Speed2 -1.38 8.48  -0.16 871
fixed Speed3 -8.49 9.03 -0.94 347
fixed Frequency 12.96 9.38 1.38 167
fixed baseline rate 1772 10.42 1.70 .089
fixed Speedl:Frequency -3.08 11.37  -0.27 786
fixed Speed2:Frequency -4.75  11.28  -0.42 674
fixed Speed3:Frequency 0.81 11.89 0.07 945
fixed Frequency:baseline rate 1598 13.06 1.22 221
fixed Erzesj:eﬁggif:te 1620 11.05 147 142
fixed E‘(’leggszeffr?:f:w 386 1122 034 731
fixed gzegjselffggfie 723 1176 062 538
fixed Speed1:Frequency:baseline rate 1726  11.68 1.48 139
fixed Speed2:Frequency:baseline rate 332 11.66 0.28 776
fixed Speed3:Frequency:baseline rate 853 11.77 0.73 468
ran_pars Page SD (Intercept) 10.41

ran_pars Subject SD (Intercept) 16.01

ran_pars Residual SD Observation 0.31




Appendix

Table G33

Full GLMM model for gaze duration as a function of reading speed, word frequency, and

working memory capacity (Experiment 3)

258

effect group term estimate SE t p
fixed (Intercept) 212.01 1099 1930 <.001
fixed Speedl -1543 1146  -1.35 178
fixed Speed2 18.14  11.55 1.57 116
fixed Speed3 -22.04  12.16  -1.81 070
fixed Frequency 3433  12.55 2.74 .006
fixed wm_capacity 8.14  14.66 0.55 579
fixed Speed1:Frequency -1.46 1553  -0.09 925
fixed Speed2:Frequency -2398 15.11  -1.59 113
fixed Speed3:Frequency 2927 15.62 1.87 .061
fixed Frequency:wm_capacity 7.13  18.27 0.39 .696
fixed ?rzejvﬂfzggﬁﬁy 2844 1503 1.89  .059
fixed E‘;ﬁﬁigﬁ;ﬁi}, 2112 1540 -137 170
fixed ?rzevev‘ii_fzg;l;%ﬁy 151 1599 -0.09 925
fixed Speedl:Frequency:wm_capacity 2452 17.16 1.43 153
fixed Speed2:Frequency:wm_capacity  -11.10 16.97  -0.65 513
fixed Speed3:Frequency:wm_capacity  -34.34 16.76  -2.05 .040
ran_pars Page SD (Intercept) 16.21

ran_pars Subject SD (Intercept) 25.35

ran_pars Residual SD Observation 0.39
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Table G34
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Full GLMM model for total reading time as a function of reading speed, word frequency, and

working memory capacity (Experiment 3)

effect group term estimate  SE t p
fixed (Intercept) 25479 1698 15.00 <.001
fixed Speedl -18.88 1871  -1.01 313
fixed Speed2 -9.70  18.06  -0.54 591
fixed Speed3 -30.92  18.14  -1.70 .088
fixed Frequency 33.23  19.00 1.75 .080
fixed wm_capacity 27.08 22.28 1.22 224
fixed Speed1:Frequency -3.01 2547  -0.12 906
fixed Speed2:Frequency -9.58 2384  -0.40 .688
fixed Speed3:Frequency -14.66 2245  -0.65 S14
fixed Frequency:wm_capacity 64.86 28.84 2.25 025
fixed ?rzevevﬂfzggﬁﬁy 3031 2415 126 209
fixed E‘;ﬁﬁigﬁ;ﬁi}, -8.66 23.50 -037 713
fixed ?rzevev‘ii_fzg;l;%ﬁy 1070 23.07  -0.46 643
fixed Speedl:Frequency:wm_capacity  -23.33 29.92  -0.78 436
fixed Speed2:Frequency:wm_capacity  -39.77 2745  -145 147
fixed Speed3:Frequency:wm_capacity 942 2476 0.38 704
ran_pars Page SD (Intercept) 30.26

ran_pars Subject SD (Intercept) 38.43

ran_pars Residual SD Observation 0.49
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Table G35
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Full GLMM model for refixation probability as a function of reading speed, word frequency,
and working memory capacity (Experiment 3)

effect group term estimate SE z p
fixed (Intercept) -3.20 0.53 -6.05 <.001
fixed Speedl -0.64 048  -1.34 180
fixed Speed2 0.70 0.49 1.44 .149
fixed Speed3 -1.47 0.66  -2.22 026
fixed Frequency 1.23 0.59 2.08 .038
fixed wm_capacity 0.75 0.63 1.20 230
fixed Speed1:Frequency -0.21 0.63 -0.34 735
fixed Speed2:Frequency -0.66 0.67 -0.97 330
fixed Speed3:Frequency 1.73 0.79 2.19 .029
fixed Frequency:wm_capacity -0.56 0.72 -0.77 439
fixed ?rzevevﬂfzggﬁﬁy 083 059 141 .18
fixed E‘;ﬁ‘ﬁigﬁ;ﬁi}, 0.83 060 -138 167
fixed ?rzevev‘g_fzg;l;%ﬁy 131 076 171  .087
fixed Speedl:Frequency:wm_capacity 1.09 0.52 2.10 .036
fixed Speed2:Frequency:wm_capacity -0.29 0.56  -0.52 .605
fixed Speed3:Frequency:wm_capacity -0.63 0.56 -1.12 264
ran_pars Page SD (Intercept) 0.42

ran_pars Subject SD (Intercept) 0.68
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Table G36

Full GLMM model for regression-in probability as a function of reading speed, word

frequency, and working memory capacity (Experiment 3)

261

effect group term estimate ~ SE  statistic p

fixed (Intercept) -1.97  0.31 -6.45 <.001
fixed Speed1 0.03  0.29 0.10 919
fixed Speed2 -0.37 032 -1.18 240
fixed Speed3 -0.19 040  -0.48 .629
fixed Frequency -0.01 0.37 -0.02 .984
fixed wm_capacity -0.69  0.48 -1.45 147
fixed Speed1:Frequency 0.02  0.38 0.06 955
fixed Speed2:Frequency 0.66 041 1.62 .106
fixed Speed3:Frequency -0.34  0.49 -0.70 486
fixed Frequency:wm_capacity 1.07 0.57 1.86 .063
fixed Eﬂf@ﬂﬁgﬁ;ﬁy 020 039 051 612
fixed ?r‘;ejvﬁ_fzg;‘;%}:ty 0.44 040  1.09 278
fixed ng;ﬁﬁg;‘;%ﬁy 0.86 061 -141  .158
fixed Speedl:Frequency:wm_capacity -0.54  0.36 -1.51 131
fixed Speed2:Frequency:wm_capacity -0.71 0.41 -1.74 .081
fixed Speed3:Frequency:wm_capacity 0.55 048 1.14 255

ran_pars TrialNum

ran_pars Subject

SD (Intercept) 0.28
SD (Intercept) 0.41
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Table G37
Full GLMM model for fixation probability as a function of reading speed and plausibility
(Experiment 3)

effect group  term estimate SE z p
fixed (Intercept) 1.61 0.22 7.18 <.001
fixed Speed1 0.04 0.26 0.17 .868
fixed Speed?2 -0.29 0.26 -1.12 262
fixed Speed3 -0.36 0.25 -1.46 145
fixed Plausibility 0.66 0.27 2.45 014
fixed Speed1:Plausibility -0.84 0.37 -2.29 022
fixed Speed2:Plausibility 0.18 0.33 0.54 .589
fixed Speed3:Plausibility -0.06 0.31 -0.19 .853
ran_pars Page SD (Intercept) 0.38

ran_pars Subject SD (Intercept) 0.71

Table G38

Full GLMM model for first fixation duration as a function of reading speed and plausibility
(Experiment 3)

effect group term estimate SE  statistic p
fixed (Intercept) 203.34 5.96 34.15  <.001
fixed Speed1 6.16 6.46 0.95 340
fixed Speed2 -5.30 6.67 -0.80 426
fixed Speed3 -1.36 6.81 -0.20 .841
fixed Plausibility 6.80 6.32 1.07 283
fixed Speed1:Plausibility -3.08 7.99 -0.39 .700
fixed Speed2:Plausibility 4.00 8.19 0.49 625
fixed Speed3:Plausibility -1.84 8.16 -0.23 822
ran_pars Page SD (Intercept) 11.61

ran_pars Subject  SD (Intercept) 18.17

ran_pars Residual SD Observation 0.30
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Table G39
Full GLMM model for gaze duration as a function of reading speed and plausibility
(Experiment 3)

effect group term estimate SE t p
fixed (Intercept) 223.58 8.63 2591 <.001
fixed Speed1 16.05 9.24 1.74 082
fixed Speed2 -9.44 9.58 -0.99 325
fixed Speed3 -6.61 9.63 -0.69 493
fixed Plausibility 15.92 8.78 1.81 .070
fixed Speed1:Plausibility -18.19 11.20 -1.62 104
fixed Speed2:Plausibility 14.56 11.54 1.26 207
fixed Speed3:Plausibility -5.83 11.39 -0.51 .609
ran_pars Page SD (Intercept) 17.39

ran_pars Subject  SD (Intercept) 28.55

ran_pars Residual SD Observation 0.38

Table G40

Full GLMM model for total reading time as a function of reading speed and plausibility
(Experiment 3)

effect group term estimate SE t p
fixed (Intercept) 262.65 12.97 20.26  <.001
fixed Speed1 21.20 14.47 1.47 143
fixed Speed2 -39.56 14.62 -2.71 .007
fixed Speed3 -18.62 14.02 -1.33 184
fixed Plausibility 113.56 14.82 7.66  <.001
fixed Speed1:Plausibility -124.21 19.89 -6.25  <.001
fixed Speed2:Plausibility 20.34 18.00 1.13 258
fixed Speed3:Plausibility -2.73 16.77 -0.16 871
ran_pars Page SD (Intercept) 26.49

ran_pars Subject  SD (Intercept) 43.29

ran_pars Residual SD Observation 0.48
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Table G41

Full GLMM model for refixation probability as a function of reading speed and plausibility

(Experiment 3)
effect group term estimate SE z p
fixed (Intercept) -2.59 0.29 -8.84  <.001
fixed Speedl 0.32 0.30 1.07 283
fixed Speed2 -0.24 0.30 -0.79 432
fixed Speed3 -0.19 0.33 -0.57 566
fixed Plausibility 0.63 0.31 2.00 .045
fixed Speed1:Plausibility -0.92 0.39 -2.36 018
fixed Speed2:Plausibility 0.81 0.39 2.05 .040
fixed Speed3:Plausibility -0.12 0.40 -0.31 759
ran_pars  Page SD (Intercept) 0.41
ran_pars  Subject SD (Intercept) 0.84

Table G42

Full GLMM model for regression-in probability as a function of reading speed and

plausibility (Experiment 3)
effect group term estimate SE z p
fixed (Intercept) -1.95 0.23 -8.44  <.001
fixed Speed1 -0.37 0.21 -1.74 082
fixed Speed2 -0.19 0.26 -0.72 469
fixed Speed3 0.00 0.31 0.01 992
fixed Plausibility 0.39 0.27 1.49 138
fixed Speed1:Plausibility 0.14 0.27 0.52 .606
fixed Speed2:Plausibility -0.23 0.32 -0.72 471
fixed Speed3:Plausibility -0.09 0.38 -0.23 821
ran_pars TrialNum SD (Intercept) 0.21
ran_pars  Subject SD (Intercept) 0.42
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Table G43
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Full GLMM model for fixation probability as a function of reading speed, plausibility, and
baseline reading rate (Experiment 3)

grou

effect term estimate  SE z p
fixed (Intercept) 1.25 029 435 <.001
fixed Speed1 -0.09 033 -0.28 77
fixed Speed2 -0.21 033  -0.65 516
fixed Speed3 -0.55 031  -1.77 .076
fixed Plausibility 0.48 0.35 1.37 171
fixed baseline rate 0.69 0.39 1.76 .078
fixed Speed1:Plausibility -0.43 046 -093 354
fixed Speed2:Plausibility 0.20 0.45 0.45 .651
fixed Speed3:Plausibility 0.04 043 0.10 918
fixed Plausibility:baseline rate 0.69 0.59 1.17 241
fixed Speed1:plausibleplausible:baseline rate 0.28 0.45 0.63 526
fixed Speed2:plausibleplausible:baseline rate -0.16 045 -0.35 729
fixed Speed3:plausibleplausible:baseline rate 0.41 0.43 0.96 336
fixed Speed1:Plausibility:baseline rate -096 0.65 -1.48 139
fixed Speed2:Plausibility:baseline rate -0.22 046 -0.47 .639
fixed Speed3:Plausibility:baseline rate 0.20 0.43 0.47 .641
Zanipar Page SD (Intercept) 0.37
ran_par - Subj SD (Intercept) 0.63
S ect

Table G44

Full GLMM model for first fixation duration as a function of reading speed, plausibility, and
baseline reading rate (Experiment 3)

effect group term estimate SE t p

fixed (Intercept) 182.31 7.54 24.17  <.001
fixed Speed1 10.56 8.22 1.28 .199
fixed Speed2 -10.10 8.40 -1.20 229
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effect group term estimate SE t p

fixed Speed3 -1.39 8.71 -0.16 .873

fixed Plausibility 0.60 8.56 0.07 944

fixed baseline rate 39.43 9.81 4.02 .001

fixed Speed1:Plausibility -5.96 10.68 -0.56 577

fixed Speed2:Plausibility 9.46 11.12 0.85 395

fixed Speed3:Plausibility -12.32 11.20 -1.10 271

fixed Plausibility:baseline rate 13.93 12.31 1.13 258

fixed Speed!:plauplausible:bas 859 1039 083 408
eline rate

fixed Speed2:plauplausible:bas 955 1080 088 377
eline rate

fixed Speed3:plauplausible:bas 053 1129 005 963
eline rate

fixed Speed]:Plausibility:basel 378 1114 034 734
Ine rate

fixed Speed2:Plausibility:basel 061 1109 005 956
Ine rate

fixed Speed3:Plausibility:basel 2197  10.96 200 045
Ine rate

zan_p ar Page  SD (Intercept) 11.38

ran par Subje

< ot SD (Intercept) 14.95

ran_par - Resid SD Observation 0.30

s ual

Table G45

Full GLMM model for gaze duration as a function of reading speed, plausibility, and baseline
reading rate (Experiment 3)

effect group term estimate  SE t p
fixed (Intercept) 193.98 10.55 18.39 <.001
fixed Speedl 20.77 11.40 1.82 .069
fixed Speed2 -15.16 11.69 -1.30 195
fixed Speed3 -3.69 11.89 -0.31 157
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effect group term estimate ~ SE t )%
fixed Plausibility 11.61 11.57 1.00  .316
fixed baseline rate 53.51 13.86 3.86 <.001
fixed Speed]1:Plausibility -17.27 14.52 -1.19 235
fixed Speed2:Plausibility 11.46 15.10 0.76  .448
fixed Speed3:Plausibility -5.13  15.11 -034 734
fixed Plausibility:baseline rate 10.81 17.19 0.63 529
fixed Speedl:plauplausible: 1027 1453 071 480
baseline rate
fixed Speed2:plauplausible: 1240 1530 081 418
baseline rate
fixed Speed3:plauplausible: 635 1567  -041 685
baseline rate
fixed Speedl:Plausibility: 1452 1572 092 356
baseline rate
fixed Speed2:Plausibility: 1886 1554 121 225
baseline rate
fixed Speed3:Plausibility: 621 1539 -040 687
baseline rate
ran_pars Page SD (Intercept) 17.23
ran_pars Subject SD (Intercept) 22.88
ran_pars Residual SD Observation 0.38
Table G46
Full GLMM model for total reading time as a function of reading speed, plausibility, and
baseline reading rate (Experiment 3)
effect group term estimate SE t )%
fixed (Intercept) 214.95 14.93 1440 <.001
fixed Speed1 25.14 17.22 146  .144
fixed Speed2 -28.96 17.56 -1.65  .099
fixed Speed3 -21.54 16.98 -1.27 205
fixed Plausibility 102.68 18.61 5.52 <.001
fixed baseline rate 96.14 20.03 4.80 <.001
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effect group term estimate SE t p

fixed Speed]1:Plausibility -104.52 24.50 -4.27 <.001

fixed Speed2:Plausibility -8.12 22.57 -0.36 719

fixed Speed3:Plausibility 22.73 21.53 1.06  .291

fixed Plausibility:baseline rate 17.34 29.25 0.59 .553

fixed Speed!:plauplausible: 1801 2308 078 437
baseline rate

fixed Speed2:plauplausible: 2693 2305  -1.17 243
baseline rate

fixed Speeds:plauplausible: 1399 2199  0.64  .525
baseline rate

fixed Speedl:Plausibility: 5135 3105 -1.65  .098
baseline rate

fixed Speed2:Plausibility: 3570 2500 142 155
baseline rate

fixed Speed3:Plausibility: 4796 2348  -2.04 .04l
baseline rate

zan_p ar Page SD (Intercept) 26.48

zan_p ar Subject SD (Intercept) 30.38

gan_p ar Femdua SD Observation 0.47

Table G47

Full GLMM model for refixation probability as a function of reading speed, plausibility, and
baseline reading rate (Experiment 3)

effect group  term estimate SE z p

fixed (Intercept) -3.45 0.52 -6.65 <.001
fixed Speed1 0.92 0.52 1.77 .077
fixed Speed2 -0.45 0.49 -0.91 361
fixed Speed3 -0.20 0.60 -0.34 736
fixed Plausibility 1.30 0.59 222 .027
fixed baseline rate 142 0.59 2.39 .017
fixed Speed1:Plausibility -1.32 0.69 -1.91 .056
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effect group  term estimate SE z p
fixed Speed2:Plausibility 0.43 0.70 0.62 538
fixed Speed3:Plausibility 0.74 0.76 0.98 329
fixed Plausibility:baseline_rate -0.94 0.69 -1.36 174
fixed Speedl:plauplausible:baseline rate -0.86 0.59 -1.47 142
fixed Speed2:plauplausible:baseline_rate 0.31 0.57 0.56 578
fixed Speed3:plauplausible:baseline_rate 0.00 0.68 0.00 998
fixed Speedl:Plausibility:baseline rate -0.33 0.58 -0.58 .563
fixed Speed2:Plausibility:baseline rate 0.80 0.61 1.32 187
fixed Speed3:Plausibility:baseline rate -1.20  0.56 -2.12 .034
ran_pars Page SD (Intercept) 0.42

ran_pars Subject SD (Intercept) 0.73

Table G48

Full GLMM model for regression-in probability as a function of reading speed, plausibility,
and baseline reading rate (Experiment 3)

effect group term estimate SE z p
fixed (Intercept) -2.29 0.41 -5.62 <.001
fixed Speed1 -0.44 0.35 -1.27 203
fixed Speed?2 -0.03 0.39 -0.09 932
fixed Speed3 -0.43 0.54 -0.80 425
fixed Plausibility 0.52 0.47 1.10 272
fixed baseline rate 0.53 0.49 1.09 274
fixed Speed1:Plausibility 0.38 0.42 0.90 .368
fixed Speed2:Plausibility -0.67 0.51 -1.33 .184
fixed Speed3:Plausibility 0.21 0.67 0.32 749
fixed Plausibility:baseline rate -0.14 0.57 -0.25 .799
fixed ls)ap:;?égilrz‘gla““ble: 0.11 042 025 .802
fixed Eg::l?ﬁgi‘fa‘“ible: 025 050  -051 612
fixed Speed3:plauplausible: 065 066 099 322

baseline rate
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effect group  term estimate SE z p
fixed Speed!:Plausibility: 032 033 098 327
baseline rate
fixed Speed2:Plausibility: 0.50 041 121 225
baseline rate
fixed Speed3:Plausibility: 023 048 048 .63
baseline rate
iesmipa TrialNu SD (Intercept) 0.21
i:n—p a Subject SD (Intercept) 0.41
Table G49
Full GLMM model for fixation probability as a function of reading speed, plausibility, and
working memory capacity (Experiment 3)
effect group term estimate SE z p
fixed (Intercept) 1.26 0.28 448 <.001
fixed Speedl 0.01 0.31 0.03 975
fixed Speed2 0.11 0.33 0.34 737
fixed Speed3 -0.52 0.32 -1.63 104
fixed Plausibility 0.63 0.35 1.84 .066
fixed wm_capacity 0.82 0.41 1.99 .046
fixed Speed|1:Plausibility -0.60 0.45 -1.35 178
fixed Speed2:Plausibility 0.11 0.44 0.25 .800
fixed Speed3:Plausibility 0.07 0.43 0.15 877
fixed Plausibility:wm_capacity 0.13 0.58 0.22 .823
fixed Speedl :plau51bleplau51ble:w 0.03 0.47 0.07 947
m_capacity
fixed SpeedZ:plau51bleplau51ble:w 10.88 0.46 193 054
m_capacity
fixed Speed3:plaus1bleplau51ble:w 035 0.43 0.82 414
m_capacity
fixed Speed]:Plausibility: 059 0.63 093 352
wm_capacity
fixed Speed2:Plausibility: 078 048 164 101

wm_capacity
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effect group term estimate SE z P
fixed Speed3:Plausibility: 002 043 005 957
wm_capacity
ran_pars Page SD (Intercept) 0.37
ran_pars Subject  SD (Intercept) 0.66
Table G50

Full GLMM model for first fixation duration as a function of reading speed, plausibility, and
working memory capacity (Experiment 3)

effect group  term estimate SE t P

fixed (Intercept) 190.11 7.72 24.61 <.001

fixed Speedl 8.98 8.42 1.07  .286

fixed Speed2 -2.49 8.59 -0.29 772

fixed Speed3 -6.97 8.64 -0.81 420

fixed Plausibility 8.02 8.70 092  .357

fixed wm_capacity 27.38 10.23 2.68  .007

fixed Speed1:Plausibility -2.99 11.00 -0.27 786

fixed Speed2:Plausibility -4.15 11.21 -0.37 11

fixed Speed3:Plausibility 4.49 11.12 040  .686

fixed Plausibility:wm_capacity -2.15 12.40 -0.17  .862

fixed Speedl:plauplausible: 577 1052 -0.55 583
wm_capacity

fixed Speed2:plauplausible: 677 1094  -0.62 536
wm_capacity

fixed Speed3:plauplausible: 1219 1135 107 283
wm_capacity

fixed Speedl:Plausibility: 639 1119 -057 568
wm_capacity

fixed Speed2:Plausibility: 1092  11.16 098  .328
wm_capacity

fixed Speed3:Plausibility: 062 1105 006 955
wm_capacity

ran_pars Page SD (Intercept) 11.55

ran_pars  Subject SD (Intercept) 17.40
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effect group term estimate SE t p
ran_pars f{es1dua SD Observation 0.30
Table G51

Full GLMM model for gaze duration as a function of reading speed, plausibility, and working
memory capacity (Experiment 3)

effect group term estimate SE t p

fixed (Intercept) 202.54 10.77 18.80 <.001

fixed Speed1 23.05 11.62 1.98 .047

fixed Speed?2 -12.42 11.88 -1.05 296

fixed Speed3 -7.75 11.67 -0.66  .507

fixed Plausibility 21.56 11.67 1.85 .065

fixed wm_capacity 41.27 14.50 2.85 .004

fixed Speed]1:Plausibility -24.99 15.00 -1.67 .096

fixed Speed2:Plausibility 3.61 15.12 024 811

fixed Speed3:Plausibility 3.83 14.74 026  .795

fixed Plausibility:wm_capacity -11.04 17.27 -0.64 523

fixed Speed!:plauplausible: 1482 1468  -1.01 313
wm_capacity

fixed Speed2:plauplausible: 6.03  15.53 039  .698
wm_capacity

fixed Speed3:plauplavsible: 219 1583 014 890
wm_capacity

fixed Speedl:Plausibility: 185 1565  -0.12 906
wm_capacity

fixed Speed2:Plausibility: 30.96  15.70 1.97  .049
wm_capacity

fixed Speed3:Plausibility: 1772 1565 -113 257
wm_capacity

izln_p 2 Page SD (Intercept) 17.35

fan_pa Subject SD (Intercept) 26.38

IS
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effect group  term estimate SE t p
i:nﬁpa f{es1dua SD Observation 0.38
Table G52
Full GLMM model for total reading time as a function of reading speed, plausibility, and
working memory capacity (Experiment 3)
effect group term estimate SE t p
fixed (Intercept) 227.73 15.86 1436 <.001
fixed Speedl 28.24 18.04 1.57 117
fixed Speed2 -36.70 18.03 -2.04 042
fixed Speed3 -23.92 16.63 -1.44 150
fixed Plausibility 135.36 20.03 6.76 <.001
fixed wm_capacity 72.95 21.55 3.39 <.001
fixed Speed1:Plausibility -150.19 26.99 -5.56 <.001
fixed Speed2:Plausibility 2.71 23.30 0.12  .907
fixed Speed3:Plausibility 18.38 21.39 0.86  .390
fixed Plausibility:wm_capacity -48.46 29.31 -1.65 .098
fixed Speed!:plauplausible: 1914 2329 082 4l
wm_capacity
fixed Speed2:plauplausible: 549 2354 023 816
wm_capacity
fixed Speed3:plauplausible: 13.95  22.45 062 534
wm_capacity
fixed Speed!:Plausibility: 4195 3085 136 174
wm_capacity
fixed Speed2Plausibility: 28.09  25.38 L1 269
wm_capacity
fixed Speed3:Plausibility: 3213 2397 -134 180
wm_capacity
iasin_p a Page  SD (Intercept) 26.08
ran pa Subje
s ot SD (Intercept) 39.21
ran_pa Resid SD Observation 0.48

s ual
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Table G53
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Full GLMM model for refixation probability as a function of reading speed, plausibility, and
working memory capacity (Experiment 3)

effect group  term estimate SE z P
fixed (Intercept) -3.49 0.53 -6.61 <.001
fixed Speedl 1.54 0.59 2.61 .009
fixed Speed2 -1.30 0.55 -2.36 018
fixed Speed3 0.66 0.61 1.09 276
fixed Plausibility 1.39 0.60 2.31 021
fixed wm_capacity 1.50 0.60 2.49 .013
fixed Speed1:Plausibility 226 072 -3.13 .002
fixed Speed2:Plausibility 1.20 0.73 1.64 101
fixed Speed3:Plausibility -0.44 0.77  -0.57 568
fixed Plausibility:wm_capacity -1.02 0.71 -1.45 148
fixed Speed1:plauplausible:wm_capacity -1.66 0.65 -2.55 011
fixed Speed2:plauplausible:wm_capacity 1.54 0.62 2.48 .013
fixed Speed3:plauplausible:wm_capacity -1.20 0.69  -1.73 .084
fixed Speed1:Plausibility:wm_capacity 0.18 0.56 0.32 752
fixed Speed2:Plausibility:wm_capacity 0.95 0.60 1.57 116
fixed Speed3:Plausibility:wm_capacity -0.71 057  -1.24 215
ran_pars Page SD (Intercept) 0.41

ran_pars Subject SD (Intercept) 0.67

Table G54

Full GLMM model for regression-in probability as a function of reading speed, plausibility,
and working memory capacity (Experiment 3)

effect group term estimate SE z p

fixed (Intercept) -2.08 0.33 -6.28 <.001
fixed Speedl -0.51 0.32 -1.58 113
fixed Speed2 0.19 0.35 0.53 593
fixed Speed3 -0.39 0.43 -0.91 362



Appendix

275

effect group term estimate SE z p

fixed Plausibility 0.66 0.38 1.73 .084

fixed wm_capacity 0.29 0.45 0.64 521

fixed Speed1:Plausibility 0.38 0.39 097 334

fixed Speed2:Plausibility -0.90 0.47 -1.93 .054

fixed Speed3:Plausibility 0.63 0.54 1.17  .243

fixed Plausibility:wm_capacity -0.56 0.53 -1.06 287

fixed Speedl:plauplausible: 024 041 057 566
wm_capacity

fixed Speed2:plauplausible: 079 051 -156 120
wm_capacity

fixed Speed3:plauplausible: 087 062 140 .16l
wm_capacity

fixed Speed!:Plausibility: 021 033 063 527
wm_capacity

fixed Speed2:Plausibility: 052 040 129 .197
wm_capacity

fixed Speed3:Plausibility: 062 046  -135 178
wm_capacity

ran_pa  TrialNu SD (Intercept) 0.21

rs m

izlnipa Subject  SD (Intercept) 0.42

Table G55
Full GLMM model for text comprehension as a function of reading speed (Experiment 3)

effect group term estimate SE t p

fixed (Intercept) 69.89 1.86 37.64 .001

fixed Speedl -4.80 2.87 -1.67 094

fixed Speed2 -1.39 2.52 -0.55 579

fixed Speed3 -4.14 2.38 -1.74 082

ran_pars  Subject SD (Intercept) 7.52

ran_pars  Residual ~ SD Observation 0.27
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Table G56

Full GLMM model for text comprehension as a function of reading speed, pairwise

comparisons with baseline condition (Experiment 3)

276

effect

estimate

SE

group term t p
fixed (Intercept) 69.89 1.86 37.64 <.001
fixed Speed1 -4.80 2.87 -1.67 094
fixed Speed2 -1.39 2.52 -0.55 579
fixed Speed3 -4.14 2.38 -1.74 .082
ran_pars  Subject SD (Intercept) 7.52
ran_pars  Residual ~ SD Observation 0.27

Table G57

Full GLMM model for text comprehension as a function of reading speed and baseline

reading rate (Experiment 3)

effect group term estimate SE t p
fixed (Intercept) 71.50 2.68 26.64 <.001
fixed Speed1 -1.95 4.17 -0.47 .640
fixed Speed2 3.74 3.48 1.07 283
fixed Speed3 -1.49 3.56 -0.42 676
fixed baseline rate -3.09 3.70 -0.84 404
fixed Speedl:baseline rate -5.24 5.70 -0.92 358
fixed Speed2:baseline rate -9.68 4.98 -1.94 052
fixed Speed3:baseline rate -4.92 4.75 -1.03 301
ran_pars Subject  SD (Intercept) 7.52
ran_pars Residual SD Observation 0.26

Table G58

Full GLMM model for text comprehension as a function of reading speed and working

memory capacity (Experiment 3)
effect group term estimate SE t p
fixed (Intercept) 73.43 2.61 28.16  <.001
fixed Speed1 -0.25 4.18 -0.06 952
fixed Speed2 5.06 3.45 1.46 143
fixed Speed3 -1.06 3.58 -0.29 768
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effect group term estimate SE t p
fixed wm_capacity -7.24 3.62 -2.00 .045
fixed Speedl:wm_capacity -8.38 5.68 -1.47 141
fixed Speed2:wm_capacity -12.21 4.97 -2.46 .014
fixed Speed3:wm_capacity -5.75 4.74 -1.21 225
ran_pars  Subject SD (Intercept) 7.12

ran_pars  Residual ~ SD Observation 0.26

Table G57

Full GLMM model for fixation probability as a function of reading speed and word position
in paragraph (Experiment 3)

effect group term estimate SE z p
fixed (Intercept) 0.30 0.02 19.07 <.001
fixed Speed1 0.01 0.01 1.75 .080
fixed Speed2 0.05 0.01 8.11  <.001
fixed Speed3 0.05 0.01 847 <.001
fixed Word pos 0.00 0.00 3.68 <.001
fixed Speed1:word pos 0.00 0.00 0.01 .988
fixed Speed2:word pos 0.00 0.00 0.64 520
fixed Speed3:word pos 0.00 0.00 1.20 231
ran_pars  trial ID SD (Intercept) 0.02

ran_pars Subject SD (Intercept) 0.09

ran_pars  Residual SD Observation 0.45
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