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Abstract
Attention is crucial in managing cognitive load and facilitating information
retention, yet in education, the observed shift from sustained attention to
multitasking has introduced new challenges in adapting learning materials
and teaching practice. These issues are also encountered in the context of
reading, a fundamental task in the educational process that increasingly oc-
curs in digital environments. Here, frequent interruptions and multimedia
elements often disrupt the attentional focus, thereby challenging comprehen-
sion. While attention-aware learning technologies for reading show promise
in mitigating interruption effects through gaze-based interventions, their de-
signs often lack adaptability to individual differences in how learners re-focus
on the text, known as task resumption. Despite substantial research on inter-
ruptions, the cognitive factors influencing learners’ ability to resume reading
effectively, as well as the influence of text characteristics on this process,
are not sufficiently explored. The resulting data scarcity in the field of in-
terrupted reading limits the development of personalized, adaptive tools to
support diverse educational needs in interruption-prone settings. Besides, on
a methodological perspective, research on interrupted reading and multime-
dia learning using narrative texts remain limited, despite these texts’ rich
stylistic and linguistic features that implicitly guide attention and provide
engaging reading experiences. Using eye tracking experiments, resumption
lag as behavioral measure of task resumption, and narratives as reading ma-
terial, this thesis makes three major contributions. First, to address the
need for studies investigating individual-related cognitive factors influencing
resumption during interrupted reading, the thesis examines whether individ-
ual differences in visuo-spatial working memory capacity and prior knowledge
can predict resumption lags. Findings indicate that the interaction of these
factors lead to significantly shorter resumption lags after interruptions. Sec-
ond, addressing the need for research on what text-specific features influence
resumption processes, the thesis compares two types of fictional texts, one en-
active and one descriptive, designed to evoke distinct mental imagery styles.
Results demonstrate that enactive texts, contrary to expectations, prompt
shorter fixation durations during resumption lags. Finally, to tackle the lack
of data on interrupted reading, the thesis introduces InteRead, the first open-
source, comprehensive eye tracking dataset dedicated to interrupted reading.
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It mainly includes gaze data and extracted linguistic features from 50 partici-
pants reading a long fictional text with interruptions. The validation analyses
conducted on the dataset reveal significant effects of interruptions, word char-
acteristics, and individual differences on reading behavior. Taken together,
the evidence shown in this thesis highlights the critical need to tailor educa-
tional strategies and adaptive reading technologies to both learners’ cognitive
profiles and text characteristics, fostering greater resilience to interruptions.
It also provides a first step toward the development of a comprehensive corpus
to support cross-disciplinary research on interrupted reading.
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Deutsche Zusammenfassung
Aufmerksamkeit spielt eine entscheidende Rolle bei der Bewältigung kogni-
tiver Beanspruchung und Förderung der Informationsspeicherung. In der Bil-
dung hat der beobachtete Wandel von anhaltender Aufmerksamkeit bis hin
zum Multitasking neue Herausforderungen bei der Anpassung von Lehrma-
terialien und -methoden mit sich gebracht. Diese Probleme zeigen sich auch
beim Lesen, einer grundlegenden Aufgabe im Bildungsprozess, die zunehmend
in digitalen Umgebungen stattfindet. Häufige Unterbrechungen und multi-
mediale Elemente stören dabei oft den Fokus, was das Textverständnis er-
schwert. Während aufmerksamkeitsbewusste Lerntechnologien für das Lesen
vielversprechend darin sind, die Auswirkungen von Unterbrechungen durch
blickbasierte Interventionen zu verringern, weist ihre Gestaltung jedoch häu-
fig auf mangelnde Anpassungsfähigkeit an individuelle Unterschiede in der
Wiederaufnahme der Aufgabe hin. Trotz umfangreicher Forschung zu Un-
terbrechungen sind die kognitiven Faktoren, die die Fähigkeit von Lernenden
zur effektiven Wiederaufnahme der Arbeit beeinflussen, sowie die Rolle von
Texteigenschaften in diesem Prozess nicht ausreichend erforscht. Der daraus
resultierende Mangel an Daten im Bereich des Lesens mit Unterbrechun-
gen schränkt die Entwicklung personalisierter und adaptiver Werkzeuge ein,
die den unterschiedlichen Bildungsbedürfnissen in unterbrechungsanfälligen
Umgebungen gerecht werden könnten. Auch aus methodischer Perspektive
bleibt die Forschung zum Lesen mit Unterbrechungen und multimedialem
Lernen mit narrativen Texten begrenzt, obwohl diese durch ihre stilistis-
chen und sprachlichen Merkmale die Aufmerksamkeit lenken und ein in-
teressantes Leseerlebnis bieten. Durch die Erfassung von Blickbewegungen,
der Verzögerung von Wiederaufnahme des Lesens als Verhaltensmaß für die
Wiederaufnahme der Arbeit und narrativen Texten als Lesematerial leis-
tet diese Dissertation drei wesentliche Beiträge. Erstens untersucht sie, ob
Unterschiede in der visuell-räumlichen Kapazität des Arbeitsgedächtnisses
und im Vorwissen die Wiederaufnahme der Arbeit vorhersagen können um
den Bedarf an Studien zu kognitiven, individuellen Einflussfaktoren auf die
Wiederaufnahme der Arbeit beim Lesen mit Unterbrechungen zu decken. Die
Ergebnisse zeigen, dass die Interaktion dieser Faktoren zu signifikant kürz-
eren Wiederaufnahmezeiten nach Unterbrechungen führt. Zweitens, um die
Notwendigkeit von Forschung zu textbezogenen Merkmalen zu adressieren,

xvii



List of Tables

welche die Wiederaufnahme unterbrochener Aufgaben beeinflussen, vergle-
icht die Dissertation zwei Arten von fiktionalen Texten – einen enaktiven und
einen deskriptiven –, die darauf ausgelegt sind, unterschiedliche Stile der men-
talen Vorstellungsfähigkeit hervorzurufen. Die Ergebnisse zeigen, dass enak-
tive Texte, entgegen den Erwartungen, kürzere Fixationsdauern während
der Phase zur Wiederaufnahme der Arbeit fördern. Drittens, um den Man-
gel an Daten zum unterbrochenen Lesen zu beheben, stellt die Dissertation
mit InteRead den ersten öffentlich zugänglichen, umfassenden Eye-Tracking-
Datensatz vor, der sich dem unterbrochenen Lesen widmet. Dieser Datensatz
umfasst vor allem Blickdaten und extrahierte linguistische Merkmale von 50
Teilnehmenden, die einen langen fiktionalen Text mit eingestreuten Unter-
brechungen lasen. Die Auswertung des Datensatzes zeigt signifikante Ef-
fekte von Unterbrechungen, Wortmerkmalen und individuellen Unterschieden
auf das Leseverhalten. Zusammenfassend betonen die in dieser Disserta-
tion gezeigten Ergebnisse die dringende Notwendigkeit, Bildungsstrategien
und adaptive Lesetechnologien sowohl an die kognitiven Profile der Lernen-
den als auch an die Texteigenschaften anzupassen, um eine größere Wider-
standsfähigkeit gegenüber Unterbrechungen zu fördern. Gleichzeitig stellen
die Befunde erste Schritte in Richtung der Entwicklung einer umfassenden
Datenbank dar, die interdisziplinäre Forschung zum unterbrochenen Lesen
unterstützt.
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1. Introduction

A student is deeply engaged in reading a textbook on a laptop when their
phone vibrates with a notification. They glance at the screen to see a mes-
sage from a friend, pulling them out of their focus. Later, a notification from
a social media app pops up, tempting them to take a quick break. After a
few minutes, a reminder from the calendar app appears on the laptop screen,
notifying that the essay for the English course is due tomorrow. Following
their friend’s previous text message, the student receives a phone call, dis-
rupting their reading flow as they decide whether to answer or ignore the
call.

As this scenario highlights, attention plays a critical role in environments
where we are required to frequently filter multiple types of information and
reach a successful outcome. Education is one of such rapidly changing envi-
ronments, where teachers have observed a shift from sustained attention to
multitasking [Hayles, 2007]. This shift has posed new challenges in adapt-
ing learning materials and teaching models, often requiring them to be more
concise and engaging [Hayles, 2007]. The study of attention in this context
is therefore highly relevant due to its implications for enhancing learning
outcomes and developing engaging learning material and supportive educa-
tional technologies. Research has shown that attentional processes are crucial
for managing cognitive load and facilitating information retention [Sweller,
1988]. Moreover, individual differences in attentional capacity can affect how
students handle interruptions and subsequently resume their primary tasks,
which is a common challenge in learning environments [D’Mello and Graesser,
2012].

The role of attention has become particularly significant in the context of
reading, as a demanding task to both learn and teach [Elleman and Oslund,
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2019]. Reading is a fundamental skill that underpins much of the educational
process and learning materials, facilitating the acquisition of new knowledge
and the development of critical thinking skills [Smith et al., 2021]. However,
the shift towards digital devices for reading tasks has exponentially increased,
introducing new challenges for maintaining attention [Delgado and Salmerón,
2021, Chevet et al., 2022a]. Digital reading often involves navigating hyper-
text, multimedia elements, and frequent distractions from notifications and
other digital interruptions [Liu, 2022]. These interruptions can disrupt the
reading flow, making it more difficult for learners to maintain focus and un-
derstand the material.

To mitigate the negative effect of disruptions, Attention-Aware Learn-
ing Technologies (AALT) have been developed. These technologies track
and model students’ attentional states, intervening when they are distracted
[D’Mello, 2019]. Eye tracking has been proven to benefit the development of
AALT for its capacity to detect eye movements, hence inferring more implicit
attentional processes [Conati et al., 2013]. Fundamental research in eye track-
ing has indeed established a strong connection between overt attention and
underlying cognitive processes, demonstrating that eye movements serve as a
reliable indicator of attention allocation [Just and Carpenter, 1980, Rayner,
1998]. This has been particularly critical in advancing our understanding
of reading-related cognitive mechanisms [Reichle et al., 1998]. As a con-
sequence, several gaze-based AALT and applications have been developed
for digital reading [D’Mello et al., 2016]. By identifying moments of inat-
tention from gaze behavior and providing timely re-focusing interventions,
these technologies aim to enhance the reading experience and support read-
ers in maintaining their focus [D’Mello et al., 2012, 2017]. Furthermore, eye
tracking data has been utilized in reading applications with diverse scopes,
including identifying document types [Kunze et al., 2013], predicting compre-
hension levels [Mézière et al., 2023, Southwell et al., 2023], and minimizing
the impact of interruptions [Jo et al., 2015, Mariakakis et al., 2015, Srivastava
et al., 2021].

One key limitation in the development of these technologies becomes ap-
parent in their one-size-fits-all designs, which still lack adaptability [Mari-
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akakis et al., 2015, Hutt et al., 2021]. These technologies, while beneficial,
often support only specific groups of students and fail to adjust their support
mechanisms to different re-focusing strategies [Hutt et al., 2021]. While there
is broad evidence on the process of re-focusing on a task after being inter-
rupted, commonly defined as task resumption [Altmann and Trafton, 2002,
Trafton et al., 2003], a systematic consideration of the factors influencing this
process currently lacks Drews and Musters [2015]. While we have substan-
tial knowledge about interruptions and their properties, the elements that
make learners more or less efficient at handling interruptions remain largely
unknown [Meys and Sanderson, 2013]. This gap hampers the development of
adaptive AALT and applications that can respond to diverse learner needs
and, consequently, enhance their reading experience.

1.1. Contributions Overview
To address these limitations, this dissertation makes three major contribu-
tions: (i) a study of reader-related factors influencing task resumption during
interrupted reading; (ii) a study of text-related factors influencing task re-
sumption during interrupted reading; (iii) the first publicly available dataset
specifically designed to study interrupted reading across research fields.

Furthermore, focusing exclusively on narrative texts as reading material,
this dissertation offers a novel contribution to the field of interrupted reading
and multimedia learning, where such texts have been marginally explored.
Narratives are not only rich in stylistic and linguistic features that inherently
guide and manage readers’ attention but are also strategically designed to en-
gage readers through experiences such as absorption and imagery [Kuijpers
et al., 2014, Jacobs and Willems, 2018, Kukkonen and Baumbach, 2022].
Narratives also show promise in educational settings, promoting creativity
and literacy skills [Collins, 1999, Gallagher, 2011]. By examining these texts,
this thesis highlights the potential of narratives as powerful tools for fos-
tering attention, setting them apart from other materials typically used in
multimedia learning studies.

For contribution (i), I investigate whether individual differences in vsWMC
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and prior knowledge predict variations in resumption performance following
interruptions. This performance is behaviorally quantified as the resumption
lag, the interval between the conclusion of the interruption and the first rele-
vant action taken to re-engage with the primary task [Altmann and Trafton,
2002, Trafton et al., 2003, Cane et al., 2012]. Previous research has shown
that readers make use of their spatial working memory for the location of
words within the text while reading [Cane et al., 2012] and draw on their prior
knowledge for text comprehension [Rayner and McConkie, 1976, McCarthy
and McNamara, 2021]. Participants’ eye movements were tracked while they
read a crime fiction extract and experienced interruptions, allowing for the
analysis of how individual differences in vsWMC and prior knowledge affect
resumption performance. Results indicate that the interaction of vsWMC
and prior knowledge significantly predicts resumption time after interrup-
tions, with higher vsWMC and prior knowledge leading to lower resumption
lags.

For contribution (ii), I explore text-related factors by using two fictional
texts designed with either a more enactive or descriptive mental imagery
style. This distinction, based on Kuzmičová [2014]’s phenomenological ty-
pology theory, has been associated with variations in gaze behavior during
reading, reflecting differences in the mental imagery processes evoked. Eye
tracking data were collected as participants read these texts and experienced
interruptions, providing insights into how different text features influence
the resumption of reading tasks. The enactive style text is hypothesized to
prompt longer resumption times following an interruption, accompanied by
longer fixation durations. In contrast, the descriptive style text is expected to
lead to shorter resumption times, with shorter fixation durations. Findings
show that enactive style texts exhibit significantly shorter fixation durations
during resumption lags.

For contribution (iii), I introduce InteRead, the first publicly available eye
tracking dataset focused on interrupted narrative reading, providing gaze
data from 50 participants, along with linguistic features extracted from the
reading material [Zermiani et al., 2024a]. The dataset also provides demo-
graphic data, annotations of interruptions interspersed throughout the text
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and resumption times following these interruptions. Consistent with prior re-
search, the analyses performed to validate InteRead demonstrate that inter-
ruptions, word length, and word frequency significantly affect eye movements
during reading. The analyses also display significant individual variability in
reading time and resumption lags across participants. Overall, InteRead
serves as a novel resource for advancing the understanding and research of
factors affecting task resumption during reading, as well as the cognitive
processes involved in narrative reading.

The results reveal key insights into how both reader- and text-related fac-
tors impact resumption performance. The findings discussed in this disser-
tation offer a fundamental understanding of resumption during interrupted
narrative reading. Moreover, such insights can inform teaching practices and
guide the further development of AALT to better align with individual learner
needs and specific materials. Future research could explore additional factors
and their impact on resumption performance during reading to improve our
understanding of this process at both cognitive and linguistic levels. More-
over, the InteRead dataset opens new avenues for research. Future work
could broaden the scope of this dataset by including participants challenged
by maintaining their attentional focus and processing textual stimuli, and by
investigating additional languages, thereby enhancing its applicability across
diverse linguistic contexts and educational needs. Given the challenges dig-
ital reading presents for sustained attention [Delgado and Salmerón, 2021]
and the increasing prevalence of multitasking in educational settings [Hayles,
2007], it is essential to study how different learners respond to interruptions
and re-engage with text. This thesis represents a crucial step toward more
personalized and effective educational tools, ultimately aiming to improve
the learning experience.

1.2. Publications Overview
During the preparation of this thesis, I co-authored the following publica-
tions, emphasizing some of my research contributions. At the start of each
relevant chapter, I will specify which paper underpin the results and insights
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discussed and clarify whether the content in the chapter summarizes the
published work or introduces new unpublished contributions.

Parts of the research described in this thesis have been published in:

• Francesca Zermiani, Prajit Dhar, Ekta Sood, Fabian Kögel, Andreas
Bulling, and Maria Wirzberger. InteRead: An Eye Tracking Dataset of
Interrupted Reading. In Nicoletta Calzolari, Min-Yen Kan, Veronique
Hoste, Alessandro Lenci, Sakriani Sakti, and Nianwen Xue, editors,
Proceedings of the 2024 Joint International Conference on Computa-
tional Linguistics, Language Resources and Evaluation (LREC-COLING
2024), pages 9154–9169, Torino, Italia, 2024a. ELRA and ICCL. URL
https://aclanthology.org/2024.lrec-main.802

– As the first author of this publication, I was primarily responsible
for conceptualizing the research goals, conducting the experiment and
collecting the data, as well as designing the research methods. Pra-
jit Dhar and I collaboratively authored the original draft, with my
contributions centered on introducing the research scope and dataset,
outlining the methods and data collection, and framing the findings
within the broader context of the field. My co-authors contributed
through formal analysis, data validation and curation, as well as visu-
alization, whereas supervision, resources, support on conceptualization
and methods, and funding acquisition were provided by senior collab-
orators. All authors contributed to iterative writing reviewing and
editing processes.

• Francesca Zermiani, Prajit Dhar, Florian Strohm, Sibylle Baumbach,
Andreas Bulling, and Maria Wirzberger. Individual differences in
visuo-spatial working memory capacity and prior knowledge during in-
terrupted reading. Frontiers in Cognition, 3, 2024b. ISSN 2813-4532.
doi: 10.3389/fcogn.2024.1434642

– As the first author of this publication, I was primarily involved in
conceptualizing the research objectives, developing the methodology,
conducting the experiment and collecting the data, and performing for-
mal analysis and validation of the results. I also led the writing of the
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original draft. My co-authors contributed through formal analysis and
software support for the experiment and annotation tool. Supervision,
resources, support on overarching conceptualization and methods, and
funding acquisition were provided by senior collaborators. All authors
contributed to iterative writing reviewing and editing processes.
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2. Theoretical Background

2.1. Information Processing and Instructional
Design

To approach the topic discussed in this thesis from a theoretical perspective,
we first need to identify crucial aspects of human cognition that shape how
information is constructed and cognitive resources are managed in educa-
tional settings. A long tradition of research aimed at disentangling the cogni-
tive structure of information processing along with its limitations [Kotseruba
et al., 2016]. In particular, established models of memory [Anderson, 1983,
Atkinson and Shiffrin, 1971, Baddeley, 1992] posited that working memory is
extremely limited in processing duration, approximately 30 s [Cowan, 1988],
and capacity of stored information, with a maximum of approximately four
items available at the same time [Cowan, 2001]. Long-term memory stor-
age and capacity are instead more stable and long-lasting, retaining struc-
tured and organized information [Atkinson and Shiffrin, 1971, Ericsson and
Kintsch, 1995]. These two systems communicate with each other, as working
memory is mostly considered the workspace where long-term memory rep-
resentations are temporarily activated [Logie, 1996, Van der Linden, 1998].
During new knowledge processing, memory structures are formed and orga-
nized, often referred to as schemata, according to memory schema theories
[Bartlett, 1932, Anderson, 1984]. Within the literature, schemata have been
attributed various functions, broadly categorized as guiding behavior, facil-
itating memory encoding, enhancing information retrieval, and supporting
the assimilation of new knowledge [Ghosh and Gilboa, 2014]. Research on
the cognitive architecture and limitations of our information processing sys-
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tem further provided the base for theories of instructional design, such as the
prominent Cognitive Load Theory (CLT) [Sweller, 1988, 1994, 2010]. CLT
introduced the construct of cognitive load as the load exercised on our work-
ing memory limited resources when processing information to be later stored
in long-term memory. The theory further postulated that good instructional
design avoids excessive working memory load, thereby promoting learning
mechanisms [Sweller, 2010].

This research has been instrumental for navigating the increase use of
multiple media and technologies in instructional design [Mayer, 2005, Mutlu-
Bayraktar et al., 2019]. In recent years, education has indeed exponen-
tially shifted towards digital platforms, driven by the growing application
of technology-assisted learning tools such as digital classrooms, online as-
sessments, and adaptive learning systems [Haleem et al., 2022]. These tools
aim to promote sustainability and inclusivity in education as well as to pro-
vide essential support during critical periods like the COVID-19 pandemic,
which dramatically accelerated their use [Kang, 2021, Haleem et al., 2022].
While these advancements have offered numerous benefits, they have also
introduced new challenges and opportunities in the design of learning mate-
rials, as these educational technologies have raised the amount of accessible
media and channels for presenting information [Clark and Mayer, 2016, Liu
et al., 2018, Mutlu-Bayraktar et al., 2019].

Multimedia learning research has focused exactly on developing design
principles for multimedia learning environments, considering how new in-
formation is processed and how to convey messages through both verbal
and visual stimuli [Mayer, 1997, 2009, Mutlu-Bayraktar et al., 2019]. Con-
nected to and rooted in foundational frameworks such as the CLT [Sweller,
1988], Baddeley [1992]’s model of working memory, and Paivio [1990]’s dual
coding theory, the well-established Cognitive Theory of Multimedia Learn-
ing (CTML) [Mayer, 1997, 2005] comprises three primary cognitive assump-
tions: information is processed through different channels–one dedicated to
visuo-spatial and the other to auditory-verbal processing; each channel has
a limited capacity for information storage; and knowledge acquisition occurs
by activating related knowledge, creating mental structures, and integrat-
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ing them with prior knowledge [Mayer, 2005, Mutlu-Bayraktar et al., 2019].
According to the CTML, multimedia learning involves selecting relevant ver-
bal and visual stimuli through our sensory memory, organizing them into
verbally-based and visually-based models within our working memory, and
finally connecting such models with existing structures in our long-term mem-
ory [Mayer, 1997, Mayer and Moreno, 2003, Mayer, 2005, Mutlu-Bayraktar
et al., 2019].

Informed by the CLT, the CTML further developed several design princi-
ples to inform the creation of multimedia learning materials that effectively
optimize learning outcomes [Mayer and Moreno, 2003, Mayer, 2005, Mutlu-
Bayraktar et al., 2019]. These principles, defined and tested across extensive
research (e.g., Moreno and Mayer [2000], Mautone and Mayer [2001], Mayer
[2005], Butcher [2014], Mayer and Fiorella [2014], Mayer and Pilegard [2014],
Leopold and Mayer [2015], Rodrigues and Silva [2022]), serve different pur-
poses, such as reducing unnecessary cognitive load that does not support
learning goals, effectively managing the selection and organization of the
presented information, and fostering the integration of new information with
prior knowledge [Mutlu-Bayraktar et al., 2019]. When properly applied, these
principles can enhance attention and learning by making complex informa-
tion more accessible and engaging, without overwhelming students’ cognitive
capacities [Mayer and Moreno, 2003, Mayer, 2005, Moreno and Mayer, 2007].
This highlights the importance of careful instructional design to ensure that
multimedia elements complement rather than compete with each other for
the learner’s attention [Sweller, 1988, Mayer, 2005].

2.2. Reading
Reading is a cornerstone of education, essential for acquiring knowledge
across diverse subjects and a critical cognitive skill that underpins the learn-
ing process [Elleman and Oslund, 2019, Smith et al., 2021]. The importance
of reading extends beyond its educational value, as it is also a fundamen-
tal human cognitive activity deeply intertwined with several major cognitive
processes, such as attention, word recognition, syntax parsing, eye movement
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control [Rayner and Reichle, 2010]. For this reason, discourse processing and
text comprehension have been the focus of extensive research for over 40
years [Van Dijk and Kintsch, 1983, Graesser et al., 1997, Schnotz, 2002].

Among the numerous developed frameworks, the Construction-Integration
(CI) model [Kintsch and van Dijk, 1978, Van Dijk and Kintsch, 1983, Kintsch,
1991, 1998] is one of the most prominent. As readers engage with written
material, they construct mental representations of its meaning through three
major processing levels: the surface code level, storing linguistic details of
the most recent words and syntactic information; the textbase level, where
propositions are developed and integrated to infer the local meaning of the
text; and ultimately, the situation model level, where different components
of the texts are connected to prior mental representations for a holistic com-
prehension of the underlying themes and messages of the text [Van Dijk and
Kintsch, 1983, Chevet et al., 2022a]. According to the CI model, readers
thus construct mental representations of the events, actions, and characters
described in the text, integrating this information with their prior knowledge
and real-world experiences, according to their goals [Kintsch, 1991, Schnotz,
2002]. Despite being an automatic cognitive process, the construction and
consolidation of the situation model of a text requires continuously selecting
the most salient text components, making use of the limited resources of
working memory [Kintsch and van Dijk, 1978, Kintsch, 1991, Chevet et al.,
2022a]. Effective reading therefore requires sustained attention to relevant
information, while also filtering out irrelevant details and resisting distrac-
tion [Reynolds and Anderson, 1982, Anderson, 1982, Yildiz and Çetinkaya,
2017].

2.2.1. Narrative Texts

Within the context of text processing, an important variable to address is
the type of text being read. Text characteristics significantly impact reading
[Smith et al., 2021]. The structure and organization of a text influence active
processing and inference-making [Smith et al., 2021]. For instance, cohesive
and coherent texts help identify relationships between sentences, linking in-
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formation and reducing cognitive load [McNamara et al., 2011, Smith et al.,
2021]. Text comprehension is also influenced by text genre, as the central
process of linking prior knowledge and integrating it into the mental represen-
tations of a text, which forms meaning, is modulated by genre [Berkowitz and
Taylor, 1981, Hartley, 1986, Wolfe and Woodwyk, 2010, McNamara et al.,
2011].

Despite the several shapes a text can take, a macro-genre distinction is
generally made between narrative and expository texts [Mar et al., 2021].
While expository texts aim at informing the readers about a certain subject,
narrative texts entertain them through their events, interactions, characters
and familiar plots [Mar et al., 2021]. Besides, narratives have shown to hold
substantial potential for education, where they can foster creativity, moti-
vation, critical thinking, and literacy skills, as reflected for instance in the
power of storytelling in educational settings [Collins, 1999, Gallagher, 2011].
Narrative texts significantly differ from expository texts on both a structural
and content level [Wolfe and Woodwyk, 2010, Mar et al., 2021]. Their struc-
ture and content closely mirror our everyday experiences, enhancing recall
and comprehension [Mar et al., 2021, McNamara et al., 2011]. Stories typi-
cally follow a temporal and causal sequence, revolving around the characters
and their actions [Graesser et al., 1991, Mar et al., 2021]. This familiar
structure, which often includes emotional experiences associated with daily-
life struggles and events, draws on extensive previous knowledge, supporting
inferential thinking [Stein and Glenn, 1979, Graesser and Clark, 1985, Mar
et al., 2021] and predictive processing [Kukkonen, 2020]. The emotional
component particularly contributes to the potential of narratives for instruc-
tional design, in light of the observed benefits of positive emotions, induced
through multimedia material, on learning as well as perceived task difficulty
[Um et al., 2011, Rodrigues and Silva, 2022].

Additionally, the content of stories is centered on social relationships, psy-
chology, and common themes like friendship, conflicts, and love: topics with
which readers are deeply close to [Hogan, 2003, Mar et al., 2021]. This fa-
miliarity extends to the language used in narratives, as it closely resembles
the vocabulary and expressions used in everyday conversations mirroring the
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specific time period of the narration [Mar et al., 2021]. This strong connec-
tion between the structure and content of narratives and our prior experience
of the narrated events contributes to the ease with which narratives are un-
derstood and remembered [Graesser et al., 1991, Wolfe and Woodwyk, 2010,
Mar et al., 2021]. The language familiarity component of narratives further
emphasizes their potential for instructional design. Materials presented in a
conversational style have been associated with better learning performance,
according to the so-called personalization principle in multimedia learning
[Moreno and Mayer, 2000, Mayer, 2005].

Narratives are therefore particularly successful in binding readers’ focus
due to attention-grabbing linguistic devices [Mukařovský, 1964, Emmott
et al., 2006, Sanford et al., 2006, Sanford and Emmott, 2012]. Such ele-
ments support readers in creating inferences and semantic representations of
the text and include, for instance, fragmentation (i.e., graphically creating
a sentence with phrases that cannot be classified as complete syntactic sen-
tences) or mini-paragraphs (i.e., one-sentence paragraphs) [Emmott et al.,
2006, Sanford and Emmott, 2012]. Another example can be found in detec-
tive fiction, where authors present murders and mysteries as problem-solving
tasks for the readers, often referred to as the ’puzzle element’ [Rzepka, 2005].
These strategies are reminiscent of the signaling effect in multimedia learn-
ing research, where instructional material containing signals, such as section
headings and linking words of cause and effect, has been shown to improve
comprehension and problem-solving performance [Mautone and Mayer, 2001,
Richter et al., 2016]. Narrative texts therefore represent a rich material to
uncover attention mechanisms in narrative reading through the analysis of
linguistic attractors and distractors [Kukkonen and Baumbach, 2022, van de
Ven, 2023].

2.2.2. Mental Imagery

Mental imagery is one of the key cognitive processes involved in reading,
as it enables readers to create mental representations that simulate the sen-
sory experience of the fictional worlds they encounter [Sadoski, 1983, Sadoski

14



2.2. Reading

et al., 1990, Jacobs and Willems, 2018]. This process refers to the reader’s
ability to create visual or sensory experiences in their mind based on the
textual information provided [Jacobs and Willems, 2018]. It differs from ex-
plicit mental imagery, which involves deliberate and conscious allocation of
cognitive resources to visualize a scene or object without direct sensory input
[Jacobs and Willems, 2018, Mak and Willems, 2021]. In narrative reading
instead, imagery is often more implicit, arising rapidly as the reader engages
with the text [Jacobs and Willems, 2018, Mak and Willems, 2021]. It is less
about creating vivid, picture-like images and more about simulating sensory
and motor experiences that align with the content of the narrative [Jacobs
and Willems, 2018, Mak and Willems, 2021]. When such representations are
successfully prompted, they can lead to immersion [Kuijpers et al., 2014],
reading pleasure and text recall [Sadoski, 1983, Sadoski et al., 1990, De Kon-
ing and van der Schoot, 2013]. A beneficial effect of mental imagery is also
found in education, with the so-called imagination principle in instructional
design [Sweller, 2003, Mayer, 2009, Leopold, 2021]: learning is more effective
when students are asked to mentally imagine a learning content.

The process of eliciting non-conscious mental imagery is not uniform and
can vary depending on the linguistic context, with stories being more likely to
prompt mental imagery compared to isolated sentences [Jacobs and Willems,
2018]. This mental simulation is often reflected in the activation of related
cortical areas in the brain while reading, which suggests that readers simulate
the actions, emotions, and sensory experiences described in the text [Fischer
and Zwaan, 2008, Jacobs and Willems, 2018, Mak et al., 2023]. For instance,
reading action-related words can activate cortical motor areas of the brain
[Fischer and Zwaan, 2008, Jacobs and Willems, 2018], while reading about
emotional events can engage regions associated with emotion processing [Alt-
mann et al., 2012, Jacobs and Willems, 2018]. Additionally, mental imagery
during narrative reading can also be observed from gaze behavior [Mak and
Willems, 2019, Magyari et al., 2020, Mak et al., 2023].

Several theories have attempted to model the intrinsic characteristics of
narrative reading and what creates that peculiar experience of imageability
while we read fictional stories [Scarry, 1999, Grünbaum, 2007, Jajdelska et al.,
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2010, Gallese and Wojciehowski, 2011, Kuzmičová, 2012, 2013, 2014, Jacobs,
2015a,b]. What most of these models have in common is the focus on bodily
movement language as key element to prompt mental imagery [Grünbaum,
2007, Jajdelska et al., 2010, Kuzmičová, 2012, 2013, 2014].

Grounded in embodied theories of language comprehension [Pecher and
Zwann, 2005], Kuzmičová [2014] comprehensively defined the process of men-
tal imagery as a consequence of describing objects in interaction with the
character’s actions or, in other words, through bodily movement language.
This model identified two major varieties of mental imagery domain, namely
verbal and referential [Kuzmičová, 2012, 2013, 2014]. Verbal imagery refers
to the internal experience of perceiving or “hearing” the words in a narra-
tive, either as if reading them aloud or as if listening to characters’ voices
during dialogues [Kuzmičová, 2014]. The referential variety instead emerges
as the internal visualization or simulation of scenes, objects, or actions de-
scribed in a narrative, either from an observer’s perspective or as if expe-
rienced directly through the eyes of a character [Kuzmičová, 2014]. Ref-
erential imagery involves mental simulation that becomes conscious to the
reader, thereby demanding cognitive resources [Kuzmičová, 2014]. Notably,
these different varieties of mental imagery occur only at specific moments
during reading, where various sensory inputs are concurrently activated and
integrated across different modalities, both at the level of macro syntactic
elements, such as sentences, paragraphs, and pages, and at the level of mi-
cro syntactic elements, e.g., words [Kuzmičová, 2014, Magyari et al., 2020].
Kuzmičová [2014]’s model further divided referential imagery between two
subtypes: enactment-imagery and description-imagery1.

Enactment-Imagery Enactment-imagery occurs when the reader adopts
the perspective of a character within the story, experiencing the events and
actions as if they were happening to them [Kuzmičová, 2014]. This subtype
of imagery employs multimodal channels, meaning it can involve visual, au-

1From this point onward throughout this thesis, the term “mental imagery” will
specifically refer to Kuzmičová [2014]’s definition of the referential domain and
its two subtypes, enactment- and description-imagery, introduced here.
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ditory, kinesthetic, and tactile sensations, depending on the nature of the
narrative [Kuzmičová, 2014]. The key trigger for enactment-imagery is tex-
tual cues involving object-directed bodily movements, where a character ac-
tively interacts with objects in the fictional world [Kuzmičová, 2014, Magyari
et al., 2020]. For example, a sentence describing a character opening a door
might prompt the reader to imagine the experience of the door handle, the
movement of their hand, and the sound of the door creaking open [Magyari
et al., 2020]. Enactment-imagery is typically associated with a higher level
of immersion and transparency in the reading experience, as the reader be-
comes deeply engaged with the story, often feeling as though they are inside
the narrative [Kuzmičová, 2014, Magyari et al., 2020].

Description-imagery In contrast, description-imagery involves the reader
visualizing the scene from an external perspective, akin to observing the
narrative from a distance [Kuzmičová, 2014]. This style of imagery is more
static and focuses on the visual properties of objects and settings, without
involving the reader in the characters’ actions [Magyari et al., 2020]. For
instance, a detailed description of a landscape might prompt the reader to
visualize the scene but without feeling physically or emotionally involved in
it [Magyari et al., 2020]. Description-imagery is usually associated with a
lower level of immersion, as the reader remains a passive observer rather
than an active participant in the story’s world [Kuzmičová, 2014, Magyari
et al., 2020].

Kuzmičová [2014]’s model suggests that these two styles of mental im-
agery are not mutually exclusive but can coexist within a single story, as
different ends of a continuum, each offering a distinct way for readers to en-
gage with the text [Magyari et al., 2020, Mak and Willems, 2021]. A story
might constantly alternate between passages that evoke enactment-imagery
and those that evoke description-imagery [Magyari et al., 2020, Mak and
Willems, 2021]. The distinction between enactment- and description-imagery
is also independent of the point of view adopted by the narrative, known as
narrative perspective [Lanser, 1981], such as first-person or third-person per-
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spective [Magyari et al., 2020]. One might indeed assume that first-person
narratives would naturally lead to more enactment-imagery due to the closer
identification with the protagonist [Magyari et al., 2020, Mak and Willems,
2021], as these narratives have been associated with higher immersion [Har-
tung et al., 2016]. However, Kuzmičová [2014]’s model emphasizes that it
is the nature of the actions and descriptions within the text, rather than
the narrative perspective itself, that determines the type of imagery evoked
[Kuzmičová, 2012, 2013, Magyari et al., 2020]. Due to the coexistence of
multiple variables like reader preferences and textual cues, the interplay of
narrative perspective, immersion experience and mental imagery is therefore
intricate and still requiring further empirical investigation [Magyari et al.,
2020].

Taken together, these insights underscore the complexity of the cognitive
processes and experiences that are involved in reading. While mostly per-
ceived as an automatic task, different variables and mechanisms are at play,
from text type and characteristics [Smith et al., 2021] to constructing mental
representations [Kintsch and van Dijk, 1978] while maintaining attentional
focus and disregarding irrelevant information [Reynolds and Anderson, 1982,
Anderson, 1982]. This is especially critical for reading performed within
digital environments, which include interruptions often prevailing over our
required primary focus of attention [Chevet et al., 2022a].

2.3. Task Resumption
Let us go back to that student who received a message notification while being
deeply engaged in reading a textbook. After exchanging a few messages with
their friend, the student faces the challenge of returning to their textbook
and regaining the focus that was previously disrupted. The mental shift
from the social interaction back to reading requires effort, as their thoughts
may still linger on the conversation. Besides, attentional disruptions are
recurrent [Chevet et al., 2022b]. With multiple distractions pulling them
away, the student must now refocus on the primary task at hand, navigating
back through the material, recalling where they left off, and re-engaging with
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the content. No matter how often one pauses their primary task to address
an interrupting secondary task, the need to eventually resume the primary
task is inevitable in order to complete it. Task resumption can only occur
once the individual has recalled what they were doing before the interruption
and identified the next relevant action to take [Trafton and Monk, 2007].

Research across several domains have investigated the process of resuming
a task after an interruption. For instance, empirical research in the visual
search domain has shown that participants experiencing short and frequent
interruptions while viewing a search display detect targets more quickly in
subsequent presentations of the same display compared to the initial one, a
phenomenon known as the rapid resumption effect [Lleras et al., 2005]. In
other words, interruptions during search tasks enhance performance in fu-
ture search tasks on the same display [Lleras et al., 2005, Jungé et al., 2009].
The rapid resumption effect is attributed to the accumulation of visual infor-
mation about the search display during interruptions, enabling participants
to form hypotheses about the target’s location, defined as the perceptual
hypothesis [Lleras et al., 2005]. However, later studies raised questions re-
garding the actual extent of the benefit derived from rapid resumption in
visual search [Shen and Jiang, 2006]. A central challenge in this field is in-
deed the lack of uniformity in how interruptions are defined and studied,
leading to methodological diversity that complicates the development of a
cohesive theoretical framework, as evidenced by a recent systematic review
of the field [Cambronero-Delgadillo et al., 2024].

For these reason, and given that the studies reported in this thesis investi-
gate resumption during a more complex task like reading, I will focus on the
two most prominent and widely established frameworks in interruption liter-
ature. These include the the Memory for Goals model [Altmann and Trafton,
2002], addressing the memory mechanisms involved in task interruption and
resumption, and the LT-WM theory [Ericsson and Kintsch, 1995], focusing
on memory processes in expert performance, with a particular emphasis on
reading. These frameworks offer insights into how interruptions impact task
performance and how individuals manage interruptions.

19



2. Theoretical Background

2.3.1. Memory for Goals

In the Memory for Goals model [Altmann and Trafton, 2002, 2007], mental
representations of an individual’s intent to complete a specific task are re-
ferred to as goals. Every time a goal is required, the probability that our
cognitive resources will be directed toward that goal increases, activating the
related goal in our declarative memory, according to the construct of acti-
vation defined within the cognitive theory of Adaptive Control of Thoughts-
Rational (ACT-R) [Anderson and Lebiere, 1998]. Goals are not static and
their level of activation fluctuates over time influenced by different factors,
such as the need to complete a subgoal, to attend another goal or simply
due to an interruption [Altmann and Trafton, 2002, 2007]. The effect of such
competing factors is further defined as the so-called interference level: as
long as a goal is above such level, this goal guides an individual’s behavior
[Altmann and Trafton, 2002]. When a task is interrupted for as little as 30
s and the goal associated to the task drops below the interference level, that
goal is temporarily suspended, hence its activation level quickly diminishes
[Altmann and Trafton, 2002, 2007]. As a result, upon resumption of the main
task, the time needed to pick up where one left off reflects the effort required
to retrieve and reactivate the related suspended goal, namely the resumption
cost [Altmann and Trafton, 2002]. Such effort increases as the activation
level of the suspended goal decreases due to the interruption [Altmann and
Trafton, 2007].

The framework also describes predictive constraints within this cognitive
process, which can support information retrieval upon resumption, namely
priming and strengthening. On the one hand, the priming constraint empha-
sizes cue availability, as it states that a suspended goal can only be retrieved
when primed with a related cue [Altmann and Trafton, 2002, Hodgetts and
Jones, 2006a, Altmann and Trafton, 2007, Trafton and Monk, 2007, Monk
et al., 2008]. For priming to be effective, however, the cue linked to the
goal must be available just before an interruption, establishing the connec-
tion, and again at resumption, allowing the cue to activate and prime the
suspended goal [Altmann and Trafton, 2002, Hodgetts and Jones, 2006a, Alt-
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mann and Trafton, 2007, Trafton and Monk, 2007, Monk et al., 2008]. The
strengthening constraint, on the other hand, involves proactively increasing
the activation level of the suspended goal by reinforcing the connection be-
tween environmental cues and that goal before the interruption [Altmann
and Trafton, 2002, Hodgetts and Jones, 2006a, Altmann and Trafton, 2007,
Trafton and Monk, 2007, Monk et al., 2008]. This reinforcement allows for
the goal to be better maintained during the interruption and facilitates plan-
ning the actions to take toward the goal upon resumption [Altmann and
Trafton, 2002, Trafton et al., 2003].

This process of preparing for resumption can be achieved during the in-
terruption lag, defined as the time interval between a person first recognizing
that an interruption is imminent, for example, hearing/seeing a message no-
tification, and the moment they actually engage with the interruption, in
this case the chat [Trafton et al., 2003]. Individuals can deploy two distinct
strategies during the interruption lag: prospective goal encoding and retro-
spective rehearsal [Trafton et al., 2003]. Prospective goal encoding is closely
related to the strengthening constraint and the action of increasing the basic
activation level of the to-be-suspended goal, to enable planning of the up-
coming actions upon resumption [Altmann and Trafton, 2002, Trafton et al.,
2003]. Retrospective rehearsal instead involves mentally reviewing the state
of the primary task at the moment of interruption, such as recalling the last
action taken before the interruption occurred [Trafton et al., 2003]. Upon
resumption, this memory would then ease the effort of determining the next
appropriate step [Trafton et al., 2003].

Most importantly, Trafton et al. [2003] introduced a measure for task re-
sumption, the resumption lag, described as the time between the end of the
interruption and the first relevant action directed toward the suspended goal.
The model’s assumption of resumption cost has been primarily tested on rel-
atively complex problem-solving tasks [Altmann and Trafton, 2002, Hodgetts
and Jones, 2006a,b], procedural and decision-making tasks requiring to follow
specific steps to complete an activity [Altmann and Trafton, 2004, Trafton
et al., 2003, 2005, Altmann and Trafton, 2007, Monk et al., 2008, Altmann
and Trafton, 2015, Wirzberger and Russwinkel, 2015, Hirsch et al., 2024],
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Figure 2.1.: Visualization of the main constructs and assumptions of the
Memory for Goals activation-based model, as outlined in Alt-
mann and Trafton [2002], Trafton et al. [2003]. After receiving
the alert for an interruption, during the interruption lag, individ-
uals can make use of prospective goal encoding or retrospective
rehearsal to later accelerate resumption. While attending the in-
terruption, the basic activation level of the suspended goal asso-
ciated with the primary task rapidly decays, unless strengthened
during the interruption lag. In the resumption lag, individuals
re-activate the suspended goal’s mental representations stored in
memory through the available cues.

and learning tasks [Wirzberger et al., 2020]. Figure 2.1 displays a visual
representation of the Memory for Goals framework as described in Altmann
and Trafton [2002] and Trafton et al. [2003].

2.3.2. Long-Term Working Memory

Similarly to the Memory for Goals framework, the LT-WM theory [Eric-
sson and Kintsch, 1995, Delaney and Ericsson, 2016] also targets memory
processes but from a distinct perspective and within a different context,
leading to opposite assumptions. While the Memory for Goals model was
initially developed to tackle memory processes in problem-solving tasks, the
LT-WM theory aimed at explaining these processes in expert-level perfor-
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mance. Among different expertise domains, [Ericsson and Kintsch, 1995]
also focused on the reading domain, assuming that text comprehension is
a highly developed skill mastered by most educated adults. After gaining
expertise in a certain domain, experts can make use of long-term memory
more efficiently and in integration with working memory, which is referred
to as LT-WM Ericsson and Kintsch [1995], Gobet [2000], Delaney [2018].
This integration occurs through retrieval structures, which are retrieval cues
formed during task encoding and further organized into structures through
acquired expertise [Ericsson and Kintsch, 1995, Gobet, 2000, Delaney and
Ericsson, 2016]. In order to create these structures, experts filter salient in-
formation during task encoding and develops meaningful associations, along
with retrieval cues, that can be regenerated when required, enabling precise
and reliable access to the original information [Delaney, 2018].

In the context of reading, information regarding previously read text stored
in long-term memory remains available through retrieval cues maintained in
short-term working memory [Ericsson and Kintsch, 1995, Cane et al., 2012,
Delaney and Ericsson, 2016, Delaney, 2018]. These retrieval cues are up-
dated as the reader processes new text, associating current text to prior
representations in long-term memory [Ericsson and Kintsch, 1995, Delaney
and Ericsson, 2016]. When an interruption occurs, these retrieval structures
enable the reader to re-establish context upon resumption by using the new
text as a retrieval cue to access previously read content [Ericsson and Kintsch,
1995]. This mechanism reflects how long-term memory serves as an exten-
sion of working memory, allowing information to be stored temporarily but
accessed quickly to maintain comprehension [Glanzer et al., 1981, Ericsson
and Kintsch, 1995].

Compared to the Memory for Goals, the LT-WM theory leads to a funda-
mentally different key assumption: interruptions do not cause any text com-
prehension impairment or information loss, as they can only impact short-
term memory [Ericsson and Kintsch, 1995, Cane et al., 2012, Chevet et al.,
2022a]. Figure 2.2 shows a visual representation of the primary assumptions
of the LT-WM theory. Upon resumption, the process of retrieving informa-
tion about previously read text from long-term memory is reflected in the
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Figure 2.2.: Visualization of the main constructs and assumptions of the
LT-WM theory in a reading context [Ericsson and Kintsch,
1995]. While reading, retrieval cues stored in short-term memory
keep previously read information accessible in long-term mem-
ory, thereby functioning as an extended working memory. After
an interruption, individuals can then easily retrieve this infor-
mation. New text acts as a retrieval cue for the previously read
material, enabling the reader to resume.

observed higher reading times [Glanzer et al., 1981, Ericsson and Kintsch,
1995, Cane et al., 2012, Cauchard et al., 2012, Chevet et al., 2022a]. Dif-
ferent studies have shown that, unless reading times are radically disrupted,
interruptions during reading do not impair comprehension since information
is not permanently lost [Glanzer et al., 1981, 1984, Fischer and Glanzer,
1986, Lorch, 1993, Oulasvirta and Saariluoma, 2006, Fox et al., 2008, Bow-
man et al., 2010, Cane et al., 2012, Pashler et al., 2013, Tran et al., 2013,
Cho et al., 2015, Chevet et al., 2022a]. However, other studies show negative
[Foroughi et al., 2015, 2016a] and even positive effects [Tran et al., 2013] of
interruptions and multitasking on text recall and comprehension.

24



2.4. Attention-Aware Learning Technologies and Eye Tracking

2.4. Attention-Aware Learning Technologies
and Eye Tracking

In response to the challenges of maintaining attention on the primary task,
AALT have been developed. Such technologies are innovative tools designed
to monitor, respond to, and model different attentional states [D’Mello, 2019].
They have been applied across various areas, including driver monitoring
systems [Liang et al., 2007] and information visualization systems [Steichen
et al., 2014]. In educational settings, AALT are often designed to enhance the
learning experience by adapting to real-time attentional fluctuations, ensur-
ing that students optimally and dynamically assign their limited attentional
resources to meet the demands of the material [D’Mello, 2019]. AALT and
their system have been applied to different tools and technologies, such as an-
imated conversational agents [D’Mello et al., 2012, Hutt et al., 2017] and ed-
ucational computer games [Muir and Conati, 2012]. One of the primary goals
of AALT is therefore to provide timely and adaptive interventions—such as
prompts, hints, or adjustments to the content delivery—that help learners
regain focus and improve their comprehension and retention of the material
[Muir and Conati, 2012, Hutt et al., 2021].

Eye tracking technology has become a prominent tool in the development
of different learning technologies and, particularly, in real-time modeling of
students’ attention through AALT, due to its ability to precisely track the
location and infer the behavior of learners’ attention from their eye move-
ments [Gluck et al., 2000, D’Mello et al., 2012, Conati et al., 2013, Hutt
et al., 2016]. Besides, eye tracking has been instrumental for capturing at-
tention allocation during reading. Research has consistently demonstrated
a strong connection between eye movements and the cognitive processes un-
derlying reading [Rayner and McConkie, 1976, Just and Carpenter, 1980,
Rayner et al., 1989, Rayner, 1998, Rayner et al., 2006]. These findings have
led to the development of several practical applications aimed at optimizing
the reading experience. For example, systems have been created to automat-
ically detect document types based on reading patterns from eye movements
[Kunze et al., 2013] and reduce the disruptive impact of interruptions in
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mobile reading [Srivastava et al., 2021]. Additionally, research has explored
optimal methods for displaying text on smart glasses in different contexts,
such as while walking and sitting [Rzayev et al., 2018]. Gaze-based technolo-
gies have also been employed to address issues of inattention during learning
[D’Mello et al., 2012], detecting and intervening in episodes of mind wander-
ing during computerized reading tasks in both lab settings [D’Mello et al.,
2016, 2017, Mills et al., 2021] and, more recently, in real-world environments
[Hutt et al., 2017, 2021, 2024]. Furthermore, eye tracking has been applied
to develop assistive tools that, for instance, support readers in regaining
focus after interruptions [Jo et al., 2015, Mariakakis et al., 2015] or in rec-
ognizing and pronouncing difficult words [Sibert et al., 2000]. In addition to
their application in AALT, gaze data have been also implemented within the
field of Natural Language Processing (NLP) tasks, by capturing the reader’s
cognitive response to text, contributing with information that text features
alone cannot fully provide [Barrett and Hollenstein, 2020, Mathias et al.,
2020]. Among others, gaze data has improved reading comprehension pre-
diction tasks [Malmaud et al., 2020, Mézière et al., 2023, Southwell et al.,
2023], computational language models interpretation [Sood et al., 2020a,b,
Eberle et al., 2022] and text understanding [Klerke et al., 2016, Barrett and
Hollenstein, 2020].

The incorporation of gaze-based technologies into educational environ-
ments represents a significant advancement in developing adaptive, student-
focused learning systems that can dynamically respond to attention, ulti-
mately improving the efficacy of reading in the digital age. However, despite
their potential, these systems still face significant challenges, particularly in
their ability to account for individual differences among learners. Current
designs often adopt a one-size-fits-all approach, limiting their effectiveness in
adapting to diverse learning needs and attentional capacities, thereby per-
sonalizing their interventions [Mariakakis et al., 2015, Hutt et al., 2021].
Expanding these technologies to adjust dynamically to each learner’s unique
cognitive profile as well as to the internal characteristics of each learning
material remains an open area of research.
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3.1. Resumption in Interrupted Reading

Reading is a complex cognitive process that demands a significant amount
of information to be stored in our memory resources, especially when faced
with interruptions and distractions [Cauchard et al., 2012]. Prior research
has extensively investigated interrupted reading driven by the fundamental
questions of how interruptions impact reading and how readers can effectively
recover and integrate new information after an interruption [Cauchard et al.,
2012]. Numerous studies have investigated different aspects of this process,
such as the cognitive mechanisms involved in resumption, the interruption
effect as well as the type and timing of interruptions.

The foundational work of Glanzer et al. [1981, 1984], Fischer and Glanzer
[1986], Glanzer and Nolan [1986] provided significant insights into how in-
terruptions affect reading. Their studies involved introducing interruptions
during reading tasks through arithmetic problems or other independent read-
ing activities, while also having a non-interrupted control condition [Glanzer
et al., 1981, Cane et al., 2012, Cauchard et al., 2012]. These interruptions
consistently resulted in a noticeable reading time increase when participants
resumed reading the first post-interruption sentence, compared to the non-
interrupted condition [Glanzer et al., 1981, Cane et al., 2012, Cauchard et al.,
2012]. In particular, brief 10-s interruptions inflated reading time by about
350 ms, whereas more challenging interrupting tasks, like 30-s digit recall,
led to an increase in reading time of approximately 1.5 s [Glanzer et al., 1981,
Fischer and Glanzer, 1986]. This delay suggests that readers need time to
retrieve the context or situation model of the text in order to continue pro-

27



3. Related Work

cessing new information, as predicted by the LT-WM theory [Ericsson and
Kintsch, 1995].

However, this foundational work [Glanzer et al., 1981, 1984, Fischer and
Glanzer, 1986, Glanzer and Nolan, 1986] also identified conditions that could
mitigate the negative interruption effect. For example, when participants
were allowed to re-read the sentence preceding the interrupted one before
reading the post-interruption text, the delay in resumption was significantly
reduced [Glanzer et al., 1984]. Additionally, reminders of the high-level the-
matic content of the text through word cues [Lorch, 1993] or pictures rep-
resenting the scene described in the text [Schneider and Dixon, 2009] also
facilitated quicker resumption. These findings indicate that providing con-
text or cues can help readers reconstruct the situation model more efficiently,
allowing them for accessing information from working memory and integrat-
ing the new text [Cane et al., 2012, Cauchard et al., 2012, Chevet et al.,
2022a].

Another fundamental aspect that has been largely investigated is whether
interruptions during reading impact comprehension. Researchers have em-
ployed different methods to assess the construct of reading comprehension,
with multiple-choice questions being the most commonly used, either devel-
oped by the authors or derived from established inventories, such the reading
section of the Suite of Assessments (SAT) [The College Board, 2024] or the
Graduate Record Examination (GRE) [Educational Testing Service, 2024]
prompts [Fox et al., 2008, Bowman et al., 2010, Cane et al., 2012, Cauchard
et al., 2012, Pashler et al., 2013, Tran et al., 2013, Cho et al., 2015, For-
oughi et al., 2015, 2016a, Chevet et al., 2022a]. Other methods included
tests like sentence paraphrasing [Glanzer et al., 1981, 1984, Schneider and
Dixon, 2009] and sentence recognition [Oulasvirta and Saariluoma, 2006],
verification tasks [Lorch, 1993], recall tasks [McNamara and Kintsch, 1996],
and fill-in-the-blank questions [Fox et al., 2008]. Aligning with the LT-WM
theory, a subset of this research showed that interruptions generally do not
impair reading comprehension, as long as they do not significantly restrict the
available reading time, regardless of the frequency or difficulty of the inter-
rupting task [Oulasvirta and Saariluoma, 2006, Cane et al., 2012, Cauchard
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et al., 2012, Chevet et al., 2022a]. This suggests that readers can still access
information in LT-WM during interruptions of up to 30 s, thereby preserving
a stable understanding of the text [Ericsson and Kintsch, 1995, Chevet et al.,
2022a].

However, other studies have more recently challenged the LT-WM theory’s
assumptions by showing that interruptions can indeed affect comprehension,
particularly when the comprehension task requires inference-making [For-
oughi et al., 2015, 2016a]. In their study, Foroughi et al. [2015] found that
while the capacity to recognize explicit text information remained stable, in-
terruptions impaired the ability to link and integrate information from the
text, hence inference making. These two different abilities were assessed
through different sets of comprehension and recognition questions [Foroughi
et al., 2015]. Their findings suggests that successful text comprehension re-
quires activating information in working memory [Foroughi et al., 2015]. On
the contrary, Cho et al. [2015] reported no significant effect of interruptions
on comprehension, either for recognition or for information that required a
higher degree of inference. This discrepancy may be due to differences in
the reading comprehension assessment used in these studies [Chevet et al.,
2022a]. Foroughi et al. [2015] employed more complex questions that re-
quired integrating multiple textual information, whereas Cho et al. [2015]
used simpler inference questions.

The nature of the interruption–whether it involves a task-switch, a digi-
tal multimedia distraction, or an unrelated cognitive task–can also influence
how fast a reader resumes reading [Chevet et al., 2022a]. For instance, in-
terruptions involving background speech led to a higher increase in reading
rate compared to reading with background music free of spoken content or in
silence [Cauchard et al., 2012]. Besides, interruptions implemented through
task-switching paradigms closely simulate the growing presence of digital dis-
tractions in our devices, enhancing ecological validity [Chevet et al., 2022a,b].
Studies have shown that such interruptions tend to increase the total time
spent reading [Fox et al., 2008, Bowman et al., 2010, Pashler et al., 2013].
This increase is likely due to the readers’ attempt to regain context from
previously read text or to encode new information following an interruption
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[Chevet et al., 2022a]. These findings support the LT-WM theory’s premise
that mental representations of text can be reconstructed following an inter-
ruption by leveraging contextual retrieval cues stored in short-term working
memory, ensuring access to information in LT-WM. [Ericsson and Kintsch,
1995, Chevet et al., 2022a].

The timing of interruptions, whether they occur between paragraphs [Cho
et al., 2015, Chevet et al., 2022a], sentences [Glanzer et al., 1981, 1984,
Glanzer and Nolan, 1986, Lorch, 1993], or even in the middle of paragraphs
[Cauchard et al., 2012, Chevet et al., 2022a] and sentences [McNamara and
Kintsch, 1996, Cane et al., 2012, Pashler et al., 2013], did not appear to
significantly affect comprehension. Nevertheless, interruptions occurring be-
tween two sentences have been shown to cause a smaller increase in reading
times than mid-sentence interruptions [McNamara and Kintsch, 1996]. Ad-
ditionally, the latter constitute more ecologically-valid interruptions as they
are more likely to occur in our daily reading tasks [Cane et al., 2012].

Overall, while interruptions generally increase reading time, their impact
on comprehension is influenced by factors such as the type of interruption
[Cauchard et al., 2012] and the complexity of the comprehension task [Cho
et al., 2015, Foroughi et al., 2015]. The mixed results in the literature suggest
that more research is needed to fully understand the mechanisms underlying
resumption in interrupted reading and how the interruptions experienced in
digital educational environments can impact the processing of text.

3.1.1. Reader-Related Influencing Factors

Despite their significant role, individual differences in how individuals recover
from interruptions are yet to be thoroughly investigated across different do-
mains, thereby representing a significant research gap [Werner et al., 2011,
Meys and Sanderson, 2013, Bai et al., 2014, Cambronero-Delgadillo et al.,
2024]. Only a few studies have so far examined the influence of individual
differences on resumption performance, mainly within the Memory for Goals
framework, across procedural and demanding tasks, such as air traffic control
[Seamster et al., 1993, Joslyn and Hunt, 1998], emergency or safety dispatch-
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ing simulation [Joslyn and Hunt, 1998, Kanaan and Moacdieh, 2021], video
cassette recorder programming [Werner et al., 2011], arithmetic tasks [Meys
and Sanderson, 2013], abstract decision making [Bai et al., 2014], spatial
navigation [Drews and Musters, 2015], and financial-management [Foroughi
et al., 2016b].

These studies have primarily shown an impact of Working Memory Capac-
ity (WMC) [Werner et al., 2011, Meys and Sanderson, 2013, Bai et al., 2014,
Drews and Musters, 2015, Foroughi et al., 2016b], workload [Kanaan and
Moacdieh, 2021], multitasking [Bai et al., 2014], and spatial abilities skills
[Werner et al., 2011] on resumption performance. In the field of interrupted
visual search, individuals with higher WMC were found to experience min-
imal disruption to search accuracy due to interruptions, irrespective of the
interruption’s duration [Labonté and Vachon, 2021].

In the context of interrupted reading, the number of studies investigat-
ing the impact of reader-related differences on resumption is also limited.
The majority of studies that examined the impact of interruptions on read-
ing comprehension and its mitigation did not consider the role of individual
differences. In their study, however, Foroughi et al. [2016a] pre-screened
participants’ WMC by asking them to complete the automated operation
span task [Unsworth et al., 2005]. Participants then had to read different
prompts while either being interrupted or not, and finally had to answer a
reading comprehension assessment including both comprehension and recog-
nition questions. Their results indicated that interruptions had a detrimental
effect on both comprehension and recognition questions only for subjects with
lower WMC, who showed significantly worse related scores [Foroughi et al.,
2016a]. Despite being the first to include WMC assessment to test LT-WM
theory’s assumptions during reading, this study did not provide any further
insight on the impact of WMC on resumption performance. Similarly, Chevet
et al. [2022a] investigated whether comprehension during interrupted reading
is more strongly influenced by reading-specific memory capacities or general
memory abilities. Participants completed both a reading span test [Daneman
and Carpenter, 1980] and a digit span test from the Wechsler Adult Intel-
ligence Scale [Wechsler, 2008], with the results analyzed in relation to error
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rates on the reading comprehension questionnaire. The results revealed that
comprehension was associated with general WMC, but not with the scores
from the reading span test [Chevet et al., 2022a]. However, this study did not
further analyze the relation between general WMC and resumption perfor-
mance. An exception is represented by Altamura et al. [2022], who conducted
a pilot study on the effect of instant messaging during reading and analyzed
the impact of reader-related differences on resumption. Their preliminary
findings pointed to a potential effect of variations in readers’ comprehension
level (high vs. low comprehenders), reading habits, and multitasking skills
on resumption [Altamura et al., 2022].

Among different reader-related cognitive factors, vsWMC and prior knowl-
edge are particularly relevant to investigate. The significance of spatial rep-
resentations in task resumption has been well-documented, highlighting the
role of perceptual processes that are not fully accounted for by the Mem-
ory for Goals and LT-WM theories [Ratwani and Trafton, 2008, Cane et al.,
2012]. Perceptual processes have been nonetheless addressed in interrupted
visual search research, suggesting that spatial configurations of the search dis-
play are maintained even during interruptions and subsequently confirmed
or discarded upon resumption [Lleras et al., 2005]. However, in more com-
plex non-reading tasks, the impact of spatial memory on resumption has
shown generally positive, yet inconsistent results [Ratwani and Trafton, 2008,
Werner et al., 2011, Meys and Sanderson, 2013]. For instance, while higher
spatial ability scores were linked to faster resumptions in specific tasks, such
as video recorder programming [Werner et al., 2011], no such effect was ob-
served in arithmetic tasks [Meys and Sanderson, 2013]. This variability is
likely attributed to the wide range of experimental designs and the reliance
on reaction time as the main measure of resumption performance [Meys and
Sanderson, 2013].

Building on earlier findings [Glenberg and Kruley, 1992], Schneider and
Dixon [2009] explored the role of visuospatial information in reading com-
prehension, particularly focusing on how individual differences in processing
such information affect resumption after interruptions. The authors investi-
gated whether visuospatial cues, such as pictures related to the text, could
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reduce the negative effects of interruptions on reading time. The presence of
a related picture significantly minimized the interruption effect only for slow
readers, suggesting that they took the time to integrate visuospatial cues
into their mental models, thereby generating a more resilient and detailed
representation in LT-WM [Schneider and Dixon, 2009]. While all readers
construct mental models during reading, the extent to which they incorpo-
rate visuospatial information into these models seems to vary, impacting how
they recover from interruptions [Schneider and Dixon, 2009].

Marking a crucial milestone in interrupted reading research, Cane et al.
[2012] demonstrated that visually highlighting the last word read before an
interruption significantly reduces resumption time. This finding suggests that
resuming reading after an interruption involves not only retrieving informa-
tion in LT-WM but also actively identifying the specific location in the text
where the interruption took place [Cane et al., 2012]. In particular, when
the last word was highlighted, readers spent less time re-reading the portion
of text preceding the interruption point [Cane et al., 2012]. This result was
further developed into a gaze-based digital bookmarking tool, which substan-
tially decrease resumption times by providing a visual cue [Jo et al., 2015].
Further studies revealed that, upon resumption, readers frequently read again
parts of text they had already read before the interruption, as observed from
their eye movements, underscoring the process of locating the point of inter-
ruption in the text, hence the involvement of spatial memory [Cane et al.,
2012, Chevet et al., 2022a]. Despite the clear association between visuospa-
tial working memory and resumption in reading, previous studies have not
yet relied on psychometric measurements of visuospatial memory, or have
only focused on assessments involving mental spatial manipulation and vi-
sualization, which may not fully capture the capacity of retaining spatial
configurations in working memory [Meys and Sanderson, 2013].

On the other hand, prior knowledge constitutes another relevant cognitive
factor, with its critical role in forming meaning from text input [Kintsch and
van Dijk, 1978, Van Dijk and Kintsch, 1983], thereby strongly predicting
successful reading comprehension [Abdelaal and Sase, 2014]. Possessing a
stronger prior knowledge regarding a text leads to an increased capacity in
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discarding irrelevant information and, as a result, in processing and under-
standing the material [McCarthy et al., 2018, Schurer et al., 2020]. Besides,
readers with greater prior knowledge exhibit a faster and easier information
encoding in long-term memory while reading, hence a stronger resilience to in-
terruptions [Ericsson and Kintsch, 1995]. Nevertheless, the influence of prior
knowledge on resumption during reading has not been comprehensively stud-
ied. McNamara and Kintsch [1996] found that interruptions during difficult
and unfamiliar paragraphs led to higher reading times per sentence, whereas
familiar paragraphs were less affected. Moreover, while Chevet et al. [2022c]
recently found no interaction between prior knowledge and interrupted read-
ing, readers without prior knowledge about a text generally exhibited higher
fixation counts per character. Existing work therefore primarily treated prior
knowledge as familiarity with a text’s content–often linked to participants’
educational background–without yet considering the complex and multidi-
mensional nature of prior knowledge in text comprehension [McCarthy and
McNamara, 2021]. The influence of prior knowledge, assessed through a
customized questionnaire, on resumption during reading has not yet been
explored.

3.1.2. Text-Related Influencing Factors

Although research has consistently shown that the type of text influences
reading, the specific impact of text type on interrupted reading has yet to
be systematically explored. Previous studies have utilized a range of read-
ing materials, predominantly focusing on short, expository texts. For in-
stance, some work employed short texts such as high-school and college-level
paragraphs from diverse sources, including folk tales, novels, and reading
comprehension tests [Glanzer et al., 1981, 1984, Fischer and Glanzer, 1986,
Glanzer and Nolan, 1986]. Similarly, Lorch [1993] used a 25-sentence prac-
tice text on photographic processes alongside experimental passages ranging
from 25 to 79 sentences, covering topics like the great apes and comparisons
between countries and children games. Other experiments focused on short
paragraphs from encyclopedia entries, journal articles, and expository texts
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[McNamara and Kintsch, 1996, Oulasvirta and Saariluoma, 2006], with some
using texts from the SAT [The College Board, 2024] and/or GRE [Educa-
tional Testing Service, 2024] prompts to introduce varying levels of difficulty
[Fox et al., 2008, Tran et al., 2013, Foroughi et al., 2015, 2016a]. Addition-
ally, researchers incorporated longer, more detailed texts, such as a 3828-
word passage on personality disorders [Bowman et al., 2010], or adapted
paragraphs on multiple topics from textbooks, biographical texts, and fic-
tion [Cane et al., 2012, Cauchard et al., 2012, Jo et al., 2015]. In more
recent work, 1000-word procedural texts from encyclopedias [Chevet et al.,
2022a], 700-word expository texts [Chevet et al., 2022c], hyperlinked online
texts mimicking website navigation [Altamura et al., 2022] and passages from
standard reading literature databases [Srivastava et al., 2021] were used to
investigate the impact of interruptions and multitasking in digital reading.
Notably, Chevet et al. [2022b] investigated attentional disruption and digital
reading flow in an ecological context with extended narrative texts. They
used two Sherlock Holmes stories to observe unconstrained reading, examin-
ing the effect of media-related and media-unrelated interruptions on reading
flow and comprehension [Chevet et al., 2022b]. Despite this diverse range
of reading materials used in previous studies, the potential influence of text
type on how readers recover from interruptions remains unexplored.

Texts, in particular literary stories, can often make us see the narrated
facts or events in our imagination, providing a sense of engagement that
grips the readers [Sadoski et al., 1990, Kuzmičová, 2012, Kuijpers et al.,
2014, Jacobs and Willems, 2018, Mak and Willems, 2019]. The benefit of
stories’ engagement has further been observed in education, with storytelling
being a method to enhance reading, writing talking and drawing skills as
well as the process of deriving meaning from our experiences [Collins, 1999].
Mental images during reading were also associated with overall text recall
and comprehension, due to a tendency to produce mental images during
crucial moments of a story [Sadoski, 1983, Sadoski et al., 1990]. Furthermore,
in agreement with the imagination effect in educational settings [Sweller,
2003, Mayer, 2009, Leopold, 2021], when asked to form images related to a
scientific text, students showed better performance in a subsequent learning
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test [Leopold and Mayer, 2015].
Prior empirical research have utilized narrative texts to explore the in-

fluence of mental simulation and imagery on reading behavior [Mak and
Willems, 2019, Magyari et al., 2020]. Particularly, Mak and Willems [2019]
investigated how different types of simulations–motor, perceptual, and mentalizing–
affect reading behavior. Perceptual and motor simulations involve the men-
tal re-enactment of sensory experiences and physical actions and have been
shown to influence language processing [Mak and Willems, 2019]. In contrast,
the authors referred to mentalizing as the simulation of others’ thoughts,
emotions, and intentions, hence attributing mental states to a story’s char-
acters [Mak and Willems, 2019]. Participants were asked to read three Dutch
short stories, averaging 2600 words each, carefully selected for their ability
to elicit perceptual and motor simulations as well as mentalizing, while their
eye movements were tracked. Their findings revealed distinct relationships
between the types of simulation and gaze duration. Specifically, motor sim-
ulation was linked to shorter gaze duration, indicating faster reading, while
perceptual simulation and mentalizing were associated with longer gaze du-
ration, suggesting a more demanding cognitive process [Mak and Willems,
2019].

In another study on eye movements and mental imagery during narratives,
Magyari et al. [2020] explored how enactment- and description-imagery types
[Kuzmičová, 2014] prompted by related text styles influence reading behavior.
The authors hypothesized that these differences in narrative style would be
reflected in eye movement patterns during reading, with enactment-imagery
text features prompting shorter fixations, hence faster reading time, due to
the more immersive experience they create [Magyari et al., 2020].

To test this hypothesis, Magyari et al. [2020] conducted two studies. In
the first one, they analyzed word categories in four German-translated and
adapted texts–two enactive and two descriptive–to determine if these texts
contained different linguistic cues that might elicit distinct types of imagery
[Magyari et al., 2020]. One text pair included two excerpts from the be-
ginning of two stories from two different French authors. The second text
pair instead included two excerpts from an American author. These texts
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were on average 1260-word long. Their analysis revealed that enactive texts
contained significantly more verbs, which are often associated with action
and movement, while descriptive texts had a higher frequency of nouns and
adjectives–albeit with inconsistencies across the two text pairs–correlating
with the static nature of description. They therefore concluded that verbs
might be a stronger textual predictor for enactment-imagery [Magyari et al.,
2020].

In the second study, participants read these texts while their eye move-
ments were recorded. Their comprehension, perceived mental imagery, read-
ing experience and personality were also assessed. Participants reported the
descriptive texts to be more difficult to visualize, likely due to the increased
effort needed to imagine static scenes described from an external perspective,
compared to the more intuitive adoption of characters’ inner perspective fa-
cilitated by enactive texts, involving sensorimotor simulation [Magyari et al.,
2020]. Interestingly, eye movement data revealed that, within the text pairs,
only one of the enactive texts led to longer fixation durations on words, slow-
ing down the reading time [Magyari et al., 2020]. The authors interpreted
this finding as evidence that enactment-imagery may produce more intensive
imagery generation, hence higher cognitive load during reading, as reflected
in the increased reading time. On the other hand, descriptive texts, which
posed greater challenges in visualizing the story, resulted in less mental im-
agery generation, hence reduced reader engagement [Magyari et al., 2020].

These findings are in contrast with Mak and Willems [2019]. While Mak
and Willems [2019] found that motor simulations could facilitate faster read-
ing by engaging readers more deeply in the narrative, Magyari et al. [2020]
demonstrated that enactment-imagery might actually increase cognitive load,
leading to slower reading time. These studies suggest that conjuring men-
tal images while reading can vary significantly, depending on the type of
imagery elicited by the text. This discrepancy highlights the complexity
of mental imagery processes in reading, hence the need for further research
to better understand the effects of different types of mental imagery. Such
insights could shed light on how different text styles elicit distinct mental
imagery, potentially influencing readers’ engagement with the text. Further-
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more, whether mental imagery could facilitate resumption during interrupted
reading remains an open question.

3.2. Eye Tracking Data for Interrupted
Reading

Eye tracking data has provided invaluable insights into the complex cogni-
tive dynamics of reading [Just and Carpenter, 1980, Rayner and McConkie,
1976, Rayner, 1998]. Fostering related scientific research and technological
advancements [D’Mello et al., 2012, D’Mello, 2019, Mathias et al., 2020],
several publicly available eye tracking reading corpora offer data for different
languages and materials. Different English-language datasets, for instance,
consist of gaze data from adult participants, obtained during self-paced read-
ing tasks on various short texts or sentences, among others: Frank et al.
[2013], Mishra et al. [2016], Luke and Christianson [2018], Hollenstein et al.
[2020], Sood et al. [2021]. Such eye movement datasets for reading exist in
multiple languages, among others: Chinese [Pan et al., 2022], Danish [Hol-
lenstein et al., 2022], German [Kliegl et al., 2004, Jäger et al., 2021], Hindi
[Husain et al., 2015], Persian [Safavi et al., 2016], Russian [Sekerina et al.,
2019b], English reading as second language [Berzak et al., 2022, Kuperman
et al., 2023], as well as multilingual settings [Kennedy et al., 2003, Siegel-
man et al., 2022]. Notably, Cop et al. [2017] collected eye movement data
from 33 monolingual and bilingual participants as they read an entire crime-
fiction novel, revealing more intricate and comprehensive reading processes
that are often missed in studies focused on sentence or short text reading.
This resulted in the first bilingual eye tracking reading corpus [Cop et al.,
2017].

However, the existing datasets often lack features representative of ev-
eryday learning environments, such as interruptions. Although prior work
investigated eye movement and resumption from interruptions during the
reading of naturalistic texts [Cane et al., 2012, Cauchard et al., 2012, Jo
et al., 2015, Chevet et al., 2022a], the related collected data are not publicly
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available, which creates a gap in the availability of eye tracking resources
for educational research. This gap places a limit to the further training and
development of gaze-based AALT and NLP-based educational technologies,
especially those that aim to address adaptive individual learner support. Al-
though these technologies can successfully monitor learners’ performance and
level of attention, they currently lack a comprehensive personalized support
for task resumption [Hutt et al., 2021, Srivastava et al., 2021]. Leveraging
eye tracking datasets specifically designed to study the effect of interruptions
on reading could enhance such technologies with insights into individual re-
sponses to interruptions and text-specific interactions.
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4. Research Gaps and Thesis
Contributions

This thesis addresses critical research gaps in the field of interrupted reading,
reporting findings on the resumption process in narrative text, with a focus
on reader’s individual cognitive factors, text-related influences, and the de-
velopment of a publicly available eye tracking resource for further research.
Despite the growing body of literature on resumption in reading, several ar-
eas remain insufficiently explored. These gaps include the impact of vsWMC
and prior knowledge on resumption from interruptions during reading; the
influence of different types of mental imagery prompted by text character-
istics on resumption; ultimately, the lack of publicly available eye tracking
reading datasets to foster cross-disciplinary research on interrupted reading.

4.1. Contribution 1: Reader-Related Cognitive
Factors

One of the significant research gaps lies in understanding how individual dif-
ferences in reader’s vsWMC and prior knowledge affect resumption time dur-
ing interrupted reading. While previous studies highlighted the importance
of spatial memory processes for text comprehension and task resumption,
they did not assess participants’ vsWMC with psychometric tests [Meys and
Sanderson, 2013]. Additionally, the role of prior knowledge in interrupted
reading has been so far only addressed as familiarity with the text rather
than multidimensional construct [McCarthy and McNamara, 2021]. This
contribution explores whether individual differences in readers’ vsWMC and
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prior knowledge can predict variations in resumption time following inter-
ruptions. Before reading a crime fiction extract containing interruptions in
the form of opinion questions, we assessed participants’ vsWMC through a
Symmetry Span (SSPAN) task [Shah and Miyake, 1996, Unsworth et al.,
2009], and their prior knowledge about the text genre through a customized
questionnaire, targeting different knowledge dimensions. By further anno-
tating resumption lags from gaze data, Chapter 5 provides insights into how
vsWMC and prior knowledge influence resumption performance.

The first contribution therefore addresses the following research question
and related hypotheses:

RQ1 Do individual variations in vsWMC and prior knowledge influence re-
sumption lags following interruptions during reading?

H1 Individuals with higher vsWMC scores exhibit lower resumption lags
following an interruption during reading.

H2 Individuals with higher scores in prior knowledge on the content and
genre of the text exhibit lower resumption lags following an interrup-
tion during reading.

4.2. Contribution 2: Text-Related Factors
Another research gap relates to the limited understanding of whether text
features play a role in the resumption process. Particularly, while mental im-
agery constitutes a crucial aspect in narrative reading [Sadoski, 1983, Sadoski
et al., 1990, Kuzmičová, 2014, Jacobs and Willems, 2018], prior research indi-
cated that this process can vary significantly depending on the type of elicited
imagery [Mak and Willems, 2019, Magyari et al., 2020, Mak et al., 2023].
However, it remains unclear whether different types of imagery triggered by
textual cues also influence resumption lag, in the presence of interruptions
during reading. This contribution thus tackles the influence of text-related
factors by using two fictional texts designed to evoke either enactment- or
descriptive-imagery [Magyari et al., 2020], based on Kuzmičová [2014]’s phe-
nomenological typology theory. Participants read these texts while experi-
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encing interruptions, in the form of opinion questions, strategically placed
during passages expected to elicit mental imagery. Participants’ eye move-
ments were recorded during reading. Besides, we measured participants’
reading comprehension and reading experience related to the texts through
questionnaires previously implemented by Magyari et al. [2020]. By combin-
ing eye tracking data and reading-related variables, Chapter 6 thus presents
findings on the effect of enactment- and description-imagery on resumption
lag.

The second contribution thus addresses the following research question
and emerging hypotheses:

RQ2 Do narrative texts prompting enactment- vs. description-imagery have
a different influence on resumption following interruptions while read-
ing?

H1 Compared to the descriptive style text, the enactive style text produces
longer resumption lags following an interruption while reading.

H2 Compared to the descriptive style text, the enactive style text produces
longer fixation durations during resumption following an interruption
while reading.

4.3. Contribution 3: InteRead Dataset
An important challenge in the field of interrupted reading research is the
scarcity of publicly available eye tracking reading datasets, specifically de-
signed to simulate interruption-prone environments and to further examine
the role of individual differences in resumption processes during reading.
While previous studies have provided valuable insights into gaze behavior
and resumption from interruptions, the related data are not publicly acces-
sible to the broader research community. This gap hinders the development
of adaptive, gaze-based technologies for education, particularly those aimed
at addressing individual differences in reading to offer personalized support
[Mariakakis et al., 2015, Hutt et al., 2021, Ganesh et al., 2023]. To address
this gap, Chapter 7 introduces InteRead, the first publicly available eye track-
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ing dataset focused on interrupted reading. The dataset includes gaze data
from an interrupted narrative reading task, along with extracted linguistic
features, demographic data, and annotations of resumption lags.

The chapter further presents three sets of validation analyses focusing on
the effects of interruptions and linguistic features on gaze behavior, as well
as individual variability in reading and resumption time within the dataset.
These analyses tackle three research questions, laying the groundwork for
future studies that can leverage the capabilities of InteRead: (1) How can we
leverage InteRead to investigate the impact of interruptions on gaze behavior
during reading? (2) How can we leverage InteRead to investigate the impact
of linguistic features on gaze behavior during interrupted reading? (3) How
can we leverage InteRead to investigate individual variability in interrupted
reading? InteRead serves as a novel contribution and resource for advanc-
ing research on task resumption during reading and the cognitive processes
involved in narrative reading. The availability of this dataset opens new
avenues for cross-disciplinary collaborations, facilitating the development of
more personalized and effective educational tools.

The third contribution thus tackles the overarching following research
question:

RQ3 How can we address data scarcity on individual differences in resump-
tion during reading to advance the development of adaptive AALT?
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This chapter1 presents the first contribution of this thesis: a study investi-
gating how individual differences in readers’ vsWMC and prior knowledge in-
fluence resumption lag following interruptions during narrative reading. Pre-
vious studies have not thoroughly explored the relationship between vsWMC
and resumption lag using psychometric tests, nor have they sufficiently ex-
amined the multiple dimensions of prior knowledge in this context.

The presented work builds upon these gaps and the importance of these
cognitive factors in learning and text comprehension. The reported findings
offer new insights into the reader-related factors at play in interrupted read-
ing. In particular, they underscore how the interaction between vsWMC and
prior knowledge more effectively predicts resumption lag than either factor
alone.

The chapter addresses the following research question and hypotheses:

RQ1 Do individual variations in vsWMC and prior knowledge influence re-
sumption lags following interruptions during reading?

H1 Individuals with higher vsWMC scores exhibit lower resumption lags
following an interruption during reading.

H2 Individuals with higher scores in prior knowledge on the content and
genre of the text exhibit lower resumption lags following an interrup-
tion during reading.

1The content of this chapter has already been published in Zermiani et al. [2024b]
as well as partly in Zermiani et al. [2024a].
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5.1. Methods
The entire study was approved by the Commission for Responsibility in Re-
search of the University of Stuttgart (approval number Az. 22-018). All
subjects provided informed consent and the conducted research followed the
regulations outlined in Standard 8 of the Ethical Principles and Code of
Conduct for Psychologists [American Psychological Association, 2020].

5.1.1. Participants

57 adult subjects (36 female, M age = 27.51 years, SD = 5.55 years and
range 20 – 47 years) were recruited through internal student mailing lists at
the University of Stuttgart and social media. They were compensated by
either a 10€ payment or a certificate of participation to obtain study credits
for the “Medieninformatik” [Media Computer Science] study program of the
University of Stuttgart. In order to participate, all subjects had to meet
the following requirements: normal or corrected-to-normal eyesight; English
proficiency–native speaker, C1, IELTS 6.5+, Toefl 95+, or other equivalent
certificates; no diagnosed attention disorders; no diagnosed reading disorders.

5.1.2. Design

The study employed a within-subject design to investigate how individual
differences in vsWMC and prior knowledge influence resumption lag during
interrupted reading. vsWMC and prior knowledge served as measured in-
dependent variables, while resumption lag as the dependent variable. This
design enabled us to test the hypothesized relationships between these cogni-
tive factors and participants’ speed in resuming reading after interruptions.

We operationalized vsWMC with the SSPAN task [Shah and Miyake, 1996,
Kane et al., 2004], which has already been used in the context of reading
[Olkoniemi et al., 2018]. To operationalize prior knowledge, we designed 12
questions as common practice in the research field, due to the limited time
span of the studies conducted [Smith et al., 2021].
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We measured resumption lag as the time span from the end of the in-
terruption until the first stable reading pattern in the pre-interruption text,
building on the definition by Jo et al. [2015]. To extract individual resump-
tion lags from the pages containing an interruption, we manually annotated
the gaze data. The aim was to identify the point in time when each partic-
ipant resumed reading after an interruption, resulting in approximately six
resumption points per subject. Cane et al. [2012] proposed a different defi-
nition of resumption lag, focused on re-reading times, while Jo et al. [2015]
used a reading detection algorithm designed for auto-scrolling [Sharmin et al.,
2013]. We therefore adopted a novel approach aimed at specifically capturing
the initial stable reading pattern as the first relevant action for re-focusing, in
line with Altmann and Trafton [2002], while excluding instances of extended
re-reading, as these do not fit our definition of resumption lag.

5.1.3. Apparatus

The study took place in a laboratory room under constant lighting condi-
tions. Participants seated at a desk in front of a screen, with mouse and
keyboard. A room divider separated the participants’ desk from the prin-
cipal investigator’s desk. We stabilized the participants’ head movements
with the use of an adjustable chin and headrest. We utilized these tools only
during eye tracking phase.

Eye movements were recorded using a Tobii Pro Spectrum2 screen-based
eye tracker, with a sampling frequency rate of 1200 Hz. The whole experi-
ment was displayed on the native Tobii Pro Spectrum screen (EIZO FlexScan
EV2451) with a size of 52.8×29.7 cm, at a resolution of 1920×1080 px. Par-
ticipants had an approximate viewing distance of 57 cm from the screen so
that the position of their eyes was located roughly in the center of the Tobii
Pro Spectrum headbox.

The eye tracker and its display were connected to a computer on the inves-
tigator’s desk, which managed the experimental pipeline. We implemented

2Firmware version 2-6-1.
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the experiment interface with PsychoPy3 [Peirce et al., 2019], while PyGaze4

[Dalmaijer et al., 2014] was used for managing the eye tracker. To calibrate
the participants’ eye movements, we used the default PyGaze five-point cal-
ibration procedure [Dalmaijer et al., 2014].

5.1.4. Materials
Reading Task

Participants were asked to read a selected excerpt from “The Adventure
of the Speckled Band” [Doyle, 1892], a Sherlock Holmes story written in
Victorian British English. This excerpt spanned 28 pages, averaging 154
words per page (SD = 22.3, range: 94–190 words per page), and maintained
the original narrative structure, including direct dialogues within quotation
marks. The text covered approximately half of the story and concluded just
before Holmes’s investigation of the crime scene, providing context on the
primary characters, the central mystery, and the typical operating methods
of the detective figure.

Each page was designed in a fixed format of 12 lines, except the final page,
which contained seven lines. To ensure consistent visual presentation, the
text was displayed in 20-point black Courier, a mono-spaced font, with a
2.5× line spacing on a white background. The text layout was left aligned at
500 px and vertically centered. Participants pressed the space bar to advance
to the next page; backward navigation was not permitted (see Figure 5.1).

Interrupting Task

Interruptions were presented as gray dialog boxes centered on the screen, with
the background remaining white and the reading text temporarily removed.
Participants were prompted to type a response to one of six unique opinion
questions, with each question requiring completion within a 60-s time frame.
These questions were selected from established items used in prior research
[Pashler et al., 2013] and related to general topics from daily life.

3Package version 2022.2.3.
4Package version 0.7.4.
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Figure 5.1.: Page setup, as depicted in Zermiani et al. [2024a], including de-
tailed annotations and dimensions. Lines spanned 1.54 DVA.
Red rectangular areas surrounding each word represent prede-
fined regions of interest, commonly known as bounding boxes,
defined by pixel coordinates. The bounding box for the target
word is shown in green. These were not visible to participants.
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To ensure a robust level of interruption, we adopted opinion questions.
This choice was informed by the seductive detail effect, which suggests that
interesting but irrelevant information can divert attention and hinder learning
[Harp and Mayer, 1998]. By presenting these questions as text items, we
sought to capture participants’ attention effectively, as seductive texts have
been shown to be particularly engaging [Rey, 2012]. Additionally, requiring
participants to generate written answers was designed to reduce the likelihood
of subvocal rehearsal of the page content, thereby limiting engagement of the
phonological loop [Baddeley, 1992]. This interactive interruption task, which
required both thoughtful responses and written input, aimed to significantly
occupy cognitive resources and disrupt verbal and visual processing, aligning
with findings by Oulasvirta and Saariluoma [2006].

Following prior methodology [Cane et al., 2012, Jo et al., 2015], interrup-
tions were triggered by participants’ fixations on target words strategically
placed across six predetermined pages (pages 3, 7, 11, 15, 19, and 24). To
ensure interruptions occurred intermittently, these pages were spaced every
three to four pages. Target word selection adhered to several criteria [Cane
et al., 2012]: (i) target words were consistently chosen from the middle line
(sixth line) on each page, (ii) first and last words of the middle line were
excluded, (iii) words positioned at the beginning or end of sentences were
avoided, ensuring that interruptions occurred in the middle of a sentence,
and (iv) the specific target words and pages were fixed across all partici-
pants. Furthermore, function words, which are less frequently fixated during
reading [Rayner and McConkie, 1976, Krejtz et al., 2016], were excluded from
the target pool. An example of a target word position can be seen in Figure
5.1.

If a participant’s eye movement did not adequately trigger the target word,
the space-bar button–normally locked on pages with interruptions–was au-
tomatically unlocked. This precaution ensured participants could continue
reading seamlessly without perceiving any inconsistency.
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Prior Knowledge Questionnaire

We developed a 12-item questionnaire to evaluate participants’ prior knowl-
edge of Sherlock Holmes stories, as well as their general familiarity with
crime fiction. To avoid neutral responses throughout the experiment, we
used a 6-point Likert scale for all Likert-type questions. The questionnaire
was structured to capture different dimensions of prior knowledge, divided
into three main subsets:

1. Detailed Knowledge: Four multiple-choice questions focused on spe-
cific details from Sherlock Holmes stories. Each question included the
option "I do not know" to discourage guessing.

2. Target-Domain Knowledge: Four yes/no statements assessed partic-
ipants’ prior exposure to crime fiction, including TV adaptations of
Sherlock Holmes, the specific story used in the study, or other Sher-
lock Holmes stories.

3. General Knowledge: Four agreement statements measured on a 6-point
Likert scale rated participants’ general interest in the detective or crime
genre.

Symmetry Span Task

The SSPAN task [Shah and Miyake, 1996], originally developed to assess
vsWMC and spatial visualization skills, was implemented here following the
version by Unsworth et al. [2009]. This approach ensured a thorough eval-
uation of vsWMC. In the primary storage task, participants were required
to recall the sequence of colored squares presented in a 4×4 grid, with each
square displayed for 650 ms.

In parallel, a distractor or processing task involved symmetry judgments,
where participants evaluated the vertical symmetry of grids containing black
squares in various configurations. The number of squares to recall and sym-
metry judgments to perform between two and five per trial [Unsworth et al.,
2009]. Across three blocks of trials, we randomized the sequence of total
squares to recall to prevent participants from anticipating this number.
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To familiarize participants with the dual-task demands, they also com-
pleted three practice rounds prior to the main trials [Redick et al., 2012]:
one for the primary storage task, one for the distractor task, and one for the
combined task. This practice sequence ensured participants were adequately
prepared to manage both tasks concurrently [Redick et al., 2012].

Reading Comprehension and Experience

The post-test questionnaire served as both a manipulation check and a retro-
spective self-assessment to evaluate participants’ engagement with the task
and their perception of the reading as well as experimental experience. It in-
cluded four comprehension questions, designed by the authors, to verify that
participants were actively engaged with the text throughout the reading task.

Moreover, six items on a 6-point Likert scale were used to measure par-
ticipants’ interest in the story and their irritation with the interruptions.
Of these, four questions were adapted from the Story World Absorption
Scale (SWAS) [Kuijpers et al., 2014], as validated tool for assessing reader
enjoyment and immersion in a narrative. Besides, drawing on Wirzberger
and Russwinkel [2015], the questionnaire included two questions about the
strategies participants used to resume reading following each interruption:
whether they searched for the exact interruption point in the text, tried to
remember the content, or employed both strategies.

5.1.5. Procedure
After receiving all the information about the study and signing the informed
consent, participants were asked to sit at the assigned desk in the laboratory
room. They were then asked to start the experiment and answer standard
demographic and general reading habits questions. They then completed the
prior knowledge questionnaire. Subsequently, they followed the instructions
for completing the SSPAN task, after three practice trials.

Before starting the interrupted reading task, participants were made aware
that at some point during the reading process the text might disappear, and
a window asking them to type their response to a question would appear for
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60 s, after which they were to continue reading. They were informed that
such questions pertained to everyday events or current topics. Furthermore,
they were also advised to read the story carefully as they would have to
complete a short comprehension test at the end. They then started reading
the story while their eye movements were being recorded. At the end of
the reading task, they completed the reading comprehension check and the
reading experience questionnaire.

5.1.6. Scoring

Prior Knowledge

To extract the scores from the prior knowledge questionnaire, we assigned
points according to the type of question: one point was assigned for each
correct answer in the four multiple-choice questions pertaining to detailed
knowledge. For the other two groups of questions, scores followed an ordinal
assignment from 0 to 1 for the yes/no statements (target-domain knowledge),
and from 0 to 5 for the Likert scale statements (general knowledge). The sum
of these scores represents the prior knowledge measurement, resulting in a
possible maximum score of 28 points per participant.

We assessed the internal consistency of our prior knowledge questionnaire
by calculating the Cronbach’s Alpha (α) score. We obtained an overall α of
.83 for the entire prior knowledge questionnaire, including detailed knowledge
(α = .68), target-domain knowledge (α = .45), and general knowledge (α =
.90).

vsWMC

Following established scoring procedures for cognitive span tasks [Redick
et al., 2012, Foster et al., 2015], we extracted two main scores from the SSPAN
task: the partial recall score and symmetry accuracy. The partial recall score,
ranging from 0 to 42, relates to the main storage task and represents the sum
of colored squares recalled in the correct position, regardless of whether the
entire sequence of squares was accurately recalled in the correct order. This
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Figure 5.2.: Example of the annotation tool interface. The tool visualizes
the x (blue) and y (green) gaze coordinates for each participant
starting from the end of an interruption until the end of the page.
The red line here highlights the resumption point selected by the
rater, indicating the starting point of the first stable reading gaze
pattern.

method provides a more robust and internally consistent measurement of
vsWMC [Unsworth et al., 2009, Redick et al., 2012]. In addition, symmetry
accuracy, measured as the proportion of correct symmetry judgments, reflects
participants’ proficiency in the processing task and has also been shown to
correlate with performance on the storage task [Unsworth et al., 2005, 2009,
Richmond et al., 2022].

Resumption Lag

To obtain resumption lags, we manually annotated the gaze data using a
custom-built annotation tool (Figure 5.2) that visualized x and y gaze coor-
dinates from the moment the interruption ended until the page conclusion.
For each annotation, the tool allowed the annotators to identify the first sta-
ble reading pattern within the pre-interruption text (lines 1 to 6), ensuring
it met our definition of resumption lag as outlined by Altmann and Trafton
[2002]. Annotators selected the starting point of this reading pattern by
clicking on it, and the tool automatically converted the x and y coordinates
of this point into a timestamp. The resumption lag was then calculated
by subtracting the timestamp of the interruption offset from the annotated
timestamp and converting the obtained timestamp into seconds.
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5.2. Results

Table 5.1.: Estimates of ICC for manual annotations of resumption lags.
Average-rating, absolute-agreement and two-way random-effects
model was used for the calculation.

Interclass Correlation 95% Confidence Interval F Test With True Value 0
Lower Bound Upper Bound Value df 1 df 2 Sig

Average measures .916 .894 .933 12.200 324 268 .000

Two independent raters conducted the process without participating in
data collection, ensuring unbiased assessment. The annotation process yielded
on average six resumption lags per participant, one for each page featuring an
interruption. The final resumption lag for each participant was derived as the
average of the annotations provided by the two raters. An additional itera-
tion verified that all selected starting points aligned with the pre-interruption
text. We assessed the reliability of our annotations by calculating the ICC.
Following the reporting guidelines by Koo and Li [2016], the ICC was com-
puted in R [R Core Team, 2021], using the irr package5 [Gamer et al.,
2019], average-rating (k = 2), absolute-agreement and two-way mixed-effects
model (see Table 5.1). The estimated ICC value of .916 is slightly above the
0.90 threshold, which generally indicates excellent reliability [Portney and
Watkins, 2009, Koo and Li, 2016].

5.2. Results
A total of 10 participants were removed from the sample. Seven participants
were excluded for the following reasons: (1) missing over 50% of gaze data
points on pages containing interruptions, (2) failing to trigger more than two
out of six planned interruptions, and (3) having excessively noisy gaze data
on the interruption pages, which made it difficult to locate a resumption
point in the annotation phase. Additionally, to ensure robust inclusion of
the processing component in the SSPAN task, we applied a data-driven cri-
terion, excluding participants who scored more than two standard deviations
below the mean processing performance score [Richmond et al., 2022]. This

5Package version 0.84.1.
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Table 5.2.: Descriptive statistics for main variables as reported in Zermiani
et al. [2024b].

M SD Min Max
vsWMC 27.57 7.60 5 41
Prior knowledge 11.21 6.65 0 24
Resumption lag (s) 2.81 1.54 0.95 8.29

Note. Total sample size n = 47; M = mean, SD = standard devia-
tion, Min = minimum, Max = maximum, s = seconds; the vsWMC
score corresponds to the partial recall score from the SSPAN task,
following Redick et al. [2012].

criterion led to the exclusion of three additional participants, resulting in a
final sample size of n = 47 (see Table 5.2 for detailed descriptive statistics).

To statistically inspect the effects of vsWMC and prior knowledge on re-
sumption lags, we used a linear mixed-effects model, implemented in R [R
Core Team, 2021], with the lme4 package6 [Bates et al., 2015]. We computed
p-values for fixed effects with the lmerTest package7 [Kuznetsova et al., 2017].
The model specified resumption lag as the criterion variable, with partial re-
call scores from the SSPAN task, prior knowledge scores, and their interaction
as predictors. Participant ID and page number were set as random effects
to account for repeated measures across different pages by the same partici-
pants. Each participant contributed, on average, six resumption lags, leading
to a total of 272 observations. All predictors were z-standardized.

The model yielded a conditional R2 of 0.23. Analyzing predictors individ-
ually, vsWMC (β = -0.19, CI = -0.58 – 0.19, SE = 0.19, t(43.71) = -0.99, p =
.327) and prior knowledge (β = 0.02, CI = -0.34 – 0.38, SE = 0.18, t(43.99)
= 0.10, p = .916) did not yield significant contributions on resumption lags.
However, the interaction between vsWMC and prior knowledge significantly
predicted resumption lags (β = -0.34, CI = -0.65 – -0.02, SE = 0.16, t(45.53)
= -2.08, p = .043).

6Package version 1.1.28.
7Package version 3.1.3.
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5.3. Discussion

To further interpret the interaction, we conducted a median split on the
prior knowledge scores (Mdn = 10), categorizing participants as high (n = 23,
M = 16.8, SD = 4.56) or average-to-low prior knowledge readers (n = 24, M
= 5.88, SD = 2.82), following prior work [Taub and Azevedo, 2019, Altamura
et al., 2022, Chevet et al., 2022a]. Figure 5.3 illustrates how the interaction
between vsWMC and prior knowledge on resumption time varies according
to the reader’s prior knowledge category. In separate Pearson correlation
analyses, vsWMC and resumption lags showed a non-significant correlation
for the average-to-low prior knowledge group (r(22) = 0.06, p = .760), while
high prior knowledge readers demonstrated a non-significant trend towards
moderate negative correlation (r(21) = -0.40, p = .053), suggesting that prior
knowledge may strengthen the relationship between vsWMC and efficient
resumption.

Following Kumle et al. [2021], we estimated the achieved statistical power
for each predictor specified in the linear mixed-effects model, including the
random-effects structure. The post-hoc power analysis was conducted in R
[R Core Team, 2021] using the simr package8 [Green and MacLeod, 2015].
We estimated power using likelihood ratio tests with 1000 simulations and an
alpha level of .05. The analysis yielded an estimated power of 18.00% (CI =
15.67 - 20.52) to detect the main effect of vsWMC on resumption lags, 6.00%
(CI = 4.61 - 7.66) for prior knowledge, and 58.00% (CI = 54.87 - 61.08) for
the interaction between vsWMC and prior knowledge. These results reflect
the achieved power based on the observed effect sizes in the sample [Kumle
et al., 2021].

5.3. Discussion
This chapter examined the role of reader-related factors, specifically vsWMC
and prior knowledge, in influencing reading resumption speed following inter-
ruptions. Addressing current research gaps, the study employed the SSPAN
task as a psychometric measure of vsWMC and assessed multi-dimensional

8Package version 1.0.7.
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Figure 5.3.: Interaction effect of vsWMC and prior knowledge on resump-
tion lags after performing a median split on the prior knowledge
scores. The interaction plot reported in Zermiani et al. [2024b]
displays the effect of the vsWMC score (x-axis) and resumption
lag in seconds (y-axis), for the average-to-low (blue) and high
(orange) prior knowledge groups. The bands correspond to the
estimates’ 95% confidence intervals.
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aspects of prior knowledge, both relatively unexplored factors in interrupted
reading research. Additionally, a novel tool for visualizing and annotating
reading resumption from gaze data was introduced, providing reliable annota-
tions and precise measures of resumption lags. Despite we could not confirm
our hypotheses that higher vsWMC and greater prior knowledge would indi-
vidually predict shorter resumption times, findings revealed a significant and
more complex interaction between these factors.

5.3.1. Hypothesis 1

Initially, we hypothesized that higher vsWMC would result in shorter re-
sumption lags (H1, see Section 5) . Our findings, however, indicated that
vsWMC alone did not significantly predict resumption speed. This out-
come aligns with prior research by Meys and Sanderson [2013], which found
no significant impact of spatial memory on recovery time in an interrupted
arithmetic tasks. Similarly, Werner et al. [2011] reported mixed results when
assessing spatial ability and resumption performance, depending on the type
of assessment method. This lack of significant findings might also partially
stem from the genre of the reading material, which involved familiar char-
acters and plot structures from the well-established Sherlock Holmes stories.
Particularly, the predictable patterns and linguistic elements of crime fiction,
which attract readers’ attention [Rzepka, 2005, Kukkonen, 2020, Kukkonen
and Baumbach, 2022] may have minimized reliance on vsWMC during re-
sumption.

Although previous studies have highlighted the role of spatial memory
in visual search and reading tasks [Lleras et al., 2005, Ratwani and Trafton,
2008, Cane et al., 2012], our findings based on a psychometric test support the
limited role of vsWMC as individual predictor of recovery speed in narrative
reading contexts. In support of our observed results, studies like Glenberg
and Kruley [1992] and Schneider and Dixon [2009] showed that visuospa-
tial information would aid comprehension and model reactivation following
interruptions only for slow readers, who may rely on additional cues to inte-
grate and construct detailed mental models. Individual variations in vsWMC
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would therefore become meaningful for resumption performance during read-
ing when in combination with other reader-related variables, such as reading
speed [Schneider and Dixon, 2009].

5.3.2. Hypothesis 2
Our second hypothesis stated that higher prior knowledge would lead to
shorter resumption lags (H2, see Section 5). However, the study revealed that
prior knowledge alone did not significantly predict resumption speed. This
result is consistent with earlier findings by Chevet et al. [2022c], which showed
that although a lack of prior knowledge influenced gaze behavior, it did so
independent of interruptions. Schurer et al. [2020] similarly reported that
prior knowledge did not affect changes in attentional focus during reading.

These studies, however, mostly involved expository texts or short para-
graphs, where readers’ familiarity or non-familiarity with the topic covered
in the text was used as measure of prior knowledge. Since expository texts
typically require a stronger integration of prior knowledge than narratives
[Wolfe and Woodwyk, 2010], our findings suggest that prior knowledge may
play a less critical role in resuming narrative reading, especially in the pres-
ence of interruptions and when assessed with a tailored questionnaire.

5.3.3. Interaction of vsWMC and Prior Knowledge
Despite the lack of substantial main effects, our results showed a significant
interaction between vsWMC and prior knowledge on resumption lag, where
readers with both high vsWMC and high prior knowledge regarding Sherlock
Holmes and detective fiction resumed more quickly. This interaction aligns
with findings by Foroughi et al. [2016b], who suggested that readers with
lower WMC have more difficulties in filtering relevant information during task
resumption, hence reducing their performance. They further concluded that
readers likely require substantial expertise regarding a text’s specific type
and content in order to efficiently recover information from long-term work-
ing memory upon resumption [Foroughi et al., 2016b]. Our results extend
this insight to suggest that the integration of vsWMC and prior knowledge
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may support more efficient discrimination of relevant text, enabling faster
reactivation of mental representations, hence shorter resumption lags.

This interaction could therefore indicate that readers with higher vsWMC
and more extensive prior knowledge would make use of cognitive strate-
gies that support faster retrieval and integration of task-related information.
These results resonate with prior theoretical frameworks on multimedia learn-
ing that emphasize the integration of visuospatial and knowledge-based pro-
cessing for constructing mental models [Schnotz, 2002]. The extent to which
readers integrate visuospatial elements into their mental models, however,
might be influenced by their cognitive capacities and reading skills [Glen-
berg and Kruley, 1992, Schneider and Dixon, 2009], which could explain the
observed interaction between vsWMC and prior knowledge. High-vsWMC
readers with relevant prior knowledge may create more comprehensive mental
models that allow for more swift and effective recovery after interruptions.

5.3.4. Implications

The findings support the need for theories like the Memory for Goals and
the LT-WM to also account for and incorporate perceptual and visuospa-
tial processing as integral components of the resumption process [Ratwani
and Trafton, 2008, Cane et al., 2012]. Although spatial mechanisms may be
involved in task resumption mostly in interaction with pre-existence knowl-
edge and other cognitive skills, theoretical frameworks of resumption should
outline a more comprehensive and multi-modal representation of this phe-
nomenon.

In the context of the Memory for Goals framework, vsWMC could be
introduced within the priming constraint and cue availability mechanism.
This constraint posits that the suspended goal can be reactivated if primed
with environmental relevant cues [Altmann and Trafton, 2002, Trafton et al.,
2005]. As suggested by [Ratwani and Trafton, 2008], vsWMC may support
an effective filtering and retrieval of the available environment cues, thereby
priming the suspended task goal. Spatial memory information would then
be integrated with information stored in long-term memory. Within the
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LT-WM theory instead, new textual information functions as retrieval cue to
recover previously read information available in short-term memory. vsWMC
and spatial information may therefore be integrated in this retrieval process,
adding a more perceptual modality and dimension to the accessible cues.

On a more applied perspective, the results underscore the potential of
adaptive support systems and AALT that cater to individual differences in
vsWMC and prior knowledge. While highlighting the word at the interrup-
tion point with visual cues significantly aids resumption [Cane et al., 2012,
Jo et al., 2015], future research should examine how the effectiveness of this
support may vary depending on reader-related factors such as prior knowl-
edge and vsWMC. For instance, gaze-based AALT and reading applications
could leverage these insights to offer personalized support in resuming inter-
rupted reading, particularly through tailored visuospatial cues or interactive
tools that align with the reader’s cognitive strengths and background.

Furthermore, the observed evidence emphasizes the importance of develop-
ing visuospatial skills alongside traditional reading comprehension strategies
in educational settings, a critical area often neglected in classroom instruc-
tion [Mathewson, 1999]. Personalized support that accounts for the combined
influence of vsWMC and prior knowledge may be particularly beneficial in
multimedia and computer-based learning environments, where students fre-
quently encounter interruptions and digital distractions and must resume
learning sessions.

5.3.5. Limitations

One limitation of this study is that it involved only one type of narrative
text, which may limit the generalizability of findings to other genres or text
structures. The use of a Sherlock Holmes story, with its famous characters
and plot, may have reduced the influence of vsWMC and prior knowledge on
resumption. A broader variety of reading materials, including unfamiliar or
descriptively rich texts, might yield different results. In addition, the use of
fixed interruption location on the middle line of each page could have led to
predictability in interruption positioning, potentially impacting resumption
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behaviors, although prior research found that interruption location did not
significantly impact reading comprehension [Chevet et al., 2022a].

Another limitation emerges from the median split approach to distinguish
between the average-low and high prior knowledge groups. Previous studies
have highlighted the significance of incorporating a medium group, in ad-
dition to low and high groups, to better capture and explain variations in
the data [Irwin and McClelland, 2003, Royston et al., 2006]. While following
this approach could provide deeper insights, our decision to use a simpler
split was guided by prior related work [Taub and Azevedo, 2019, Altamura
et al., 2022] as well as the need for balanced group sizes. This approach was
intended primarily for additional inspection and visualization rather than
forming the sole basis of analysis.

Finally, the manual annotation of gaze data for detecting resumption times
might have introduced potential human bias and errors among the annota-
tors. While the annotation process was standardized, variability across raters
might have influenced consistency. Future studies could integrate reading fix-
ation detection algorithms, like those developed by Sharmin et al. [2013] for
gaze-based auto-scrolling reading and applied in the context of interrupted
reading [Jo et al., 2015], to enhance the accuracy of resumption lag detection,
thereby improving the reliability and robustness of gaze-based resumption
measurements.

5.3.6. Conclusion and Outlook

Addressing the lack of research on how individual cognitive factors affect re-
sumption lag during interrupted reading, the presented study offered novel
insights with implications for teaching practices and educational technolo-
gies. The results demonstrated a significant interaction of vsWMC and prior
knowledge in predicting resumption lags, inviting for further research into
reader-related cognitive factors and their effect for interrupted reading.

For instance, since narrative and expository texts may demand different
cognitive processes, future research should assess whether these differences
also extend to interrupted reading, depending on the reader’s vsWMC and
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prior knowledge. Besides, additional work should also examine how vsWMC
and prior knowledge interact with other text features. Similarly, less familiar
genres, texts with rich descriptive details vs. more suspenseful texts, or texts
from different historical periods could be examined. The need for vsWMC
and prior knowledge might increase or decrease depending on the text type,
potentially diversifying their role in resumption during reading. Moreover,
while previous studies demonstrated the positive impact of highlighting the
interrupted word as a visual cue [Cane et al., 2012, Jo et al., 2015], future
studies should explore how the effectiveness of this support varies according
to individual differences in vsWMC and prior knowledge. Understanding
these variations could further inform the design of adaptive AALT and read-
ing applications that offer more targeted support to users.

In conclusion, this chapter has highlighted the interplay between vsWMC
and prior knowledge in supporting reading resumption, contributing to a
deeper understanding of the cognitive processes underlying interrupted read-
ing. These findings underscore the potential for future research to leverage in-
dividual cognitive capacities to improve reading technologies and educational
strategies focused on engagement and efficient task resumption. Nevertheless,
the role of text characteristics in interrupted reading remains insufficiently
investigated, building the foundation for subsequent research, reported in
Chapter 6.
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6. Text-Related Factors in
Resumption during Reading

This chapter1 presents the second contribution of this thesis by investi-
gating whether different narrative text styles, specifically texts prompting
enactment-imagery vs. description-imagery, can affect resumption time fol-
lowing interruptions. Using an eye tracking study, we compared two narra-
tive excerpts distinguished by their stylistic characteristics: an enactive text,
expected to evoke enactment-imagery through descriptions of characters ac-
tively engaging with their environment, and a descriptive text, expected to
elicit description-imagery by emphasizing the visual properties of environ-
ments, with minimal character interaction [Kuzmičová, 2012, 2014, Magyari
et al., 2020].

The findings reported in this chapter reveal that imagery type significantly
affects fixation duration during resumption lags, suggesting that enactive
texts may facilitate re-engagement after interruptions compared to descrip-
tive texts. These results contribute to the field of interrupted reading by
introducing mental imagery, induced by text features, as an influential fac-
tor in resumption, an aspect previously unexplored in the related literature.
Furthermore, the observed findings underscore the importance of considering
text features in interrupted reading experimental designs and instructional
design, with potential implications for adaptive educational technologies and
reading interfaces.

In particular, this chapter tackles the following research question and hy-
potheses:

1The content of this chapter has not been published before.
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RQ2 Do narrative texts prompting enactment- vs. description-imagery have
a different influence on resumption following interruptions while read-
ing?

H1 Compared to the descriptive style text, the enactive style text produces
longer resumption lags following an interruption while reading.

H2 Compared to the descriptive style text, the enactive style text produces
longer fixation durations during resumption following an interruption
while reading.

6.1. Methods
The entire study was approved by the Commission for Responsibility in Re-
search of the University of Stuttgart (approval number Az. 22-018). All
subjects provided informed consent and the conducted research followed the
regulations outlined in Standard 8 of the Ethical Principles and Code of
Conduct for Psychologists [American Psychological Association, 2020].

6.1.1. Participants
We recruited 64 participants (42 female, M age = 28.66 years, SD = 9.72 years
and range 18 – 66 years) through internal mailing lists at the University of
Stuttgart and social media. Each volunteer received either a €15 payment
or a certificate of participation applicable for study credits for the “Medien-
informatik” [Media Computer Science] study program of the University of
Stuttgart. To ensure eligibility, all participants completed a pre-screening
survey and met the following criteria: normal or corrected-to-normal vision,
native-level German proficiency, and no diagnosed attention or reading dis-
orders.

6.1.2. Design
The study employed a within-subject design, with each participant exposed
to two narrative texts representing different styles, previously used in Mag-
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yari et al. [2020]: a descriptive style text and an enactive style text, pre-
sented in random order. These two text conditions were chosen to oper-
ationalize the independent variable, i.e., type of elicited mental imagery,
as prior research demonstrated that texts with distinctive stylistic charac-
teristics prompt different types of mental imagery [Kuzmičová, 2012, 2014,
Jacobs and Willems, 2018, Mak and Willems, 2019, Magyari et al., 2020].
Descriptive passages induce description-imagery, with a focus on the visual
properties of the narrated settings, with scarce involvement of the charac-
ters, who appear as observers [Kuzmičová, 2014]. Enactive passages instead
depict bodily-movements and actively involved characters, interacting with
their surroundings, thereby evoking enactment-imagery [Kuzmičová, 2014].

The primary dependent variable was resumption lag, measured as the time
from the end of an interruption to the first stable reading pattern in the pre-
interruption text, following prior work [Jo et al., 2015, Zermiani et al., 2024a].
We manually annotated the gaze data to obtain individual resumption lags
from the pages containing an interruption. The aim was to identify the
point in time when each participant resumed reading after an interruption,
resulting in approximately 16 resumption points per subject, eight for each
text.

In addition to resumption lag, we further operationalized the resumption
process with fixation duration, specifically focusing on fixations occurred
within the resumption lag interval. Prior work showed significant variations
in fixation duration following interruptions in reading, making it a relevant
proxy for the resumption process [Cane et al., 2012, Jo et al., 2015, Chevet
et al., 2022a]. Besides, fixation duration is frequently used as indicator of
higher-level reading processes, such as semantic integration and processing
difficulty [Rayner and McConkie, 1976, Just and Carpenter, 1980, Rayner,
1998, Reichle et al., 1998]. By including fixation duration, we also aimed
to maintain consistency with Magyari et al. [2020], who used it as proxy for
general reading behavior associated with mental imagery generation.
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6.1.3. Apparatus
The study was conducted in a laboratory room under constant lightning con-
ditions. The participant’s desk was equipped with a screen, a mouse and a
keyboard. A room divider separated this desk from the investigator’s work-
station. Chin and headrest were provided only during gaze data collection.
We captured eye movements with the Tobii Pro Spectrum2 screen-based
eye tracker, operating at a sampling frequency of 1200 Hz. We displayed
the experiment on the Tobii Pro Spectrum’s native screen (EIZO FlexScan
EV2451), measuring 52.8×29.7 cm, with a resolution of 1920×1080 px. Par-
ticipants maintained an approximate viewing distance of 60 cm, positioning
their eyes near the center of the Tobii Pro Spectrum’s headbox.

We connected the eye tracker and its display a computer, controlling the
experimental workflow. As in the previous study [Zermiani et al., 2024a], the
experiment interface was developed using PsychoPy3 [Peirce et al., 2019],
while eye tracker management was handled via PyGaze4 [Dalmaijer et al.,
2014]. Participants’ eye movements were calibrated using the default five-
point calibration procedure provided by PyGaze [Dalmaijer et al., 2014].

6.1.4. Materials

Reading Tasks

All participants read two text excerpts, one expected to prompt description-
imagery and the other expected to prompt enactment-imagery. This text
pair was obtained from and previously used by Magyari et al. [2020], who
conducted their study on two text pairs. Among the two text pairs, we
selected the two extracts from the German translation of the novel “The
End of the Story” [Davis, 1994] – “Das Ende der Geschichte”, translated
by Klaus Hoffer, published in 2009 [Magyari et al., 2020]. We opted for
this text pair for two main reasons. First, these texts were written by the
same writer and extracted from the same novel, ensuring consistency in style

2Firmware version 2-6-1.
3Package version 2022.2.3.
4Package version 0.7.4.
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and context. Second, they have demonstrated stronger reliability as stimuli
for distinguishing gaze behavior differences between enactive and descriptive
narrative styles, compared to the other text pair used in Magyari et al. [2020].

This novel encloses the memories and reflections of an unnamed narra-
tor who tries to process the end of an intense love affair with a younger
man by writing about it. The two excerpts referred to the beginning of the
story, particularly pages 2–7 for the enactive style text, and pages 9–21 for
the descriptive style one [Magyari et al., 2020]. The plot is not suspenseful
and encompasses simple daily-life events like walking through a city, as such
mental imagery experience is predicted to become more prominent [Magyari
et al., 2020]. The extracts were manipulated by Magyari et al. [2020] to incor-
porate a higher rate of respectively descriptive and enactive style text parts.
Magyari et al. [2020] also ensured that the manipulations did not compro-
mise coherence and understandability and that the German translation was
of good quality. The authors provided us with the original annotations of
the parts of the texts expected to evoke enactment-imagery and description-
imagery [Magyari et al., 2020], based on Kuzmičová [2014]’s imagery typology
model.

The descriptive style text included a total of 1181 words and 18 pages,
while the enactive one had 1227 words and 17 pages [Magyari et al., 2020].
To ensure consistency, we maintained the same page structure of Magyari
et al. [2020], who adjusted line breaks to avoid splitting words as well as
line numbers to place sentence endings at page breaks, whenever possible.
Paragraph division instead followed the original version of the novel [Magyari
et al., 2020]. Pages contained 9 to 11 lines, with a maximum text height and
line width of approximately 22×21 cm. However, to also ensure consistency
with our previous study and relevant prior research on interrupted reading
[Cane et al., 2012, Chevet et al., 2022a], in contrast to Magyari et al. [2020]
we did not display page numbers and used a mono-spaced 20-point black
Courier font, with a 2.5-point line spacing (see Figure 6.1). The text was left
aligned at 500 px and participants pressed the spare bar to move to the next
page, while moving backward was not allowed.

For the practice reading task instead, we used an excerpt from the novel
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Figure 6.1.: Page setup, including detailed annotations and dimensions.
Lines covered 1.54 DVA. Green rectangular areas surrounding
each word and the entire text represent predefined regions of
interest, commonly known as bounding boxes, defined by pixel
coordinates. The bounding box for the target word is shown in
red. An additional bounding box in red at the bottom of the text
was added to unlock the space-bar as soon as hit with eye move-
ments. This function was activated only in those cases when
the participant did not trigger, hence skipped, the interruption.
Subjects did not see any bounding box during the experiment.
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“Buddenbrooks” [Mann, 2006], following Magyari et al. [2020]. The text
covered five pages and was displayed with the same above-described format
and layout.

Interrupting Task

We again adopted opinion questions as interrupting task, in the form of di-
alogue boxes asking participants to type their answer within 60 s. For this
study, we implemented new questions generated by ChatGPT-3.5 [OpenAI,
2023] (see Supplementary Material A). A total of 16 unique questions were
generated, closely resembling the general opinion topics used in prior research
[Pashler et al., 2013]. The questions addressed societal issues, such as justice,
privacy, the role of technology, environmental responsibility, and inclusivity
in various spheres like the workplace, media, and public safety. These ques-
tions were subsequently translated into German and reviewed by a native
speaker to ensure clarity and appropriateness. Unlike the previous study,
participants were interrupted eight times per text, increasing the frequency
of task resumption events.

The selection of target words was refined to ensure interruptions occurred
within text segments associated with sensory experience and mental imagery.
Since this study aimed to investigate the effect of different imagery types
on resumption, interruptions were strategically placed at the peak of those
passages anticipated to evoke specific types of mental imagery. By placing
interruptions at these imagery-peak points, we aimed to maximize the po-
tential for interrupting vivid mental imagery. This design choice was guided
by prior research on mental imagery generation, which demonstrated that
the vividness of mental imagery improved as readers devoted more time gen-
erating mental images from descriptions of common objects [D’Angiulli and
Reeves, 2003].

Particularly, we selected each target word to be approximately in the mid-
dle of passages originally annotated as descriptive or enactive by Kuzmičová
[2014], Magyari et al. [2020] (see Figure 6.2). Descriptive passages were those
in which the narrator primarily focused on visual properties of environments,
with human characters minimally involved or typically presented only as ob-
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Figure 6.2.: Example of a target word selection for the descriptive style text.
The German version above represents the beginning of page 4 of
the descriptive style text used in the experiment. The English
version provided below. The text in bold marks Kuzmičová’s an-
notation of a passage with description-imagery potential [Mag-
yari et al., 2020]. The underlined word marks the selected target
word within the third line. This word met our selection criteria
and assumed that the reader would be in the middle of a mental
imagery experience.

servers [Magyari et al., 2020]. By contrast, enactive passages featured human
characters actively interacting with their surroundings, manipulating or per-
ceiving objects through senses, reflecting a more inner perspective [Magyari
et al., 2020]. Unlike previous studies, where target words were consistently
selected within the middle line of the page [Cane et al., 2012, Jo et al., 2015,
Zermiani et al., 2024a], target words in this study varied in line position,
aligning with the annotated imagery-prompting segments. We maintained
the remaining criteria for target word selection described in Section 5.1.4:
words at the beginning or end of sentences and lines, as well as function
words, were excluded; the selected target words and interruption pages re-
mained constant across participants.
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Reading-Related Behavioral Measures

To ensure methodological consistency with Magyari et al. [2020], we adopted
their reading comprehension and experience assessments. The reading com-
prehension questionnaire consisted of three multiple-choice questions per
text, specifically designed to evaluate the general understanding of the nar-
rative. All the questions were developed by Magyari et al. [2020].

Additionally, a reading experience questionnaire was used after each text,
containing all 18 items from the original study to capture various subjective
experiences. Participants rated each item on a 5-point Likert scale, express-
ing their agreement on aspects of mental imagery, immersion, emotional en-
gagement, and cognitive processing [Magyari et al., 2020]. The questionnaire
combined items developed by Magyari et al. [2020] along with selected items
from established scales [Appel et al., 2002, Vorderer et al., 2004, Lüdtke et al.,
2014], incorporating modifications where necessary by Magyari et al. [2020].

Items in the reading experience questionnaire measured included the fol-
lowing dimensions as reported in Magyari et al. [2020]:

• Mental imagery: items 1-4 evaluated different aspects of imagery evoked
by the text;

• Attention and immersion: items 5-7 assessed respectively eventual at-
tentional issues during reading, immersion, and transportation;

• Emotional and cognitive engagement: items probed the feeling of sus-
pense (item 8), emotional involvement (item 9-10), and cognitive in-
volvement (items 12-13);

• Cognitive access and coherence: items evaluated coherence awareness
(item 14), cognitive access (items 15-16), and atmosphere provided by
the text (item 17);

• Empathy: item 18 evaluated the feeling of empathy toward situations
found in the text.

Finally, to examine participants’ reading habits, we used the German ver-
sion of the adapted Reading Habits Questionnaire (RHQ) [Kuijpers et al.,
2020, Loi et al., 2023]. In this questionnaire, participants rated how often
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they read 20 specific text genres on a 7-point scale, including: 0 = never in
the past year; 1 = once in the past year; 2 = roughly every three months in
the past year; 3 = roughly once a month in the past year; 4 = roughly once
a week in the past year; 5 = more than once a week in the past year; 6 = al-
most every day in the past year. The text genres covered in RHQ comprised:
poetry, classics, short stories, contemporary novels, historical novels, love
stories, psychological thrillers, crime fiction, horror stories, adventure/action
stories, science fiction, supernatural fiction, fantasy; novels for adolescents
and young adults, children’s literature, comics, humorous books, coming-
of-age novels, fan fiction, reference books and non-fiction books [Loi et al.,
2023].

6.1.5. Procedure

Once the participants had been briefed on the study, they signed an informed
consent and were directed to their assigned desk in the laboratory. They then
began the experiment with a set of standard demographic questions, followed
by the practice reading task. In this task, participants were only instructed
to read the text. They also familiarized themselves with the eye tracker and
the calibration process.

Afterwards, the interrupted reading task began. Participants were in-
formed that, at certain points during reading, a window might appear prompt-
ing them to type a response to a question within 60 seconds before resuming
reading the text. They were told that the questions would cover everyday
topics or current events. Moreover, participants were advised to read atten-
tively, as they would be asked to complete a comprehension test afterward.

Participants were also informed that they would read two texts. However,
they were unaware of each texts’ scope, characteristics, or the specific novel
from which they were taken. After reading each text, presented in a random-
ized order for each subject, participants immediately completed the reading
comprehension and reading experience questionnaires. Following the com-
pletion of both texts and their respective questionnaires, participants were
required to respond to the RHQ, which included a question on whether they
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had previously read the novel “The End of the Story” [Davis, 1994].

6.1.6. Scoring

The number of correct answers on the two sets of reading comprehension
multiple-choice questions, one for each text, served as measure for reading
comprehension, following previous approaches in interrupted reading [For-
oughi et al., 2015]. To calculate this score for each participant and ques-
tionnaire, we first classified each recorded response as correct or incorrect.
By counting the instances of correct responses, we then obtained two total
reading comprehension scores per participant, one for each text.

For the reading experience questionnaire, we reproduced the scoring method
from Magyari et al. [2020]. Items originally belonging to the same scale were
summed to obtain a unique score. In particular, we summed the scores for
emotional involvement (items 9-10), cognitive involvement (items 12-13), and
ease of cognitive access (items 15-16) [Magyari et al., 2020]. Since items 12
and 16 were negative statements, their scores were inverted prior to obtain-
ing sum scores. Following Magyari et al. [2020], we treated all imagery items
(items 1-4) as individual scores, as each item captured a distinct aspect of
mental imagery.

For obtaining the resumption lags, we manually annotated the gaze data
using the annotation tool to select the resumption point, which was enhanced
to align with the study’s design. We programmed the tool to group the re-
sumption lags automatically based on the specific text, facilitating efficient
case inspection when needed. In addition, a line check was incorporated at
the initial stage, ensuring that the annotation could only proceed if the se-
lected point fell within the pre-interruption text. This adjustment improved
the process by eliminating the need for an extra verification step to con-
firm the line location of the selected point, thereby accelerating the overall
annotation workflow.

Two independent raters separately annotated resumption lags. Neither
of them took part in data collection. The annotation process produced on
average 16 resumption lags per participant, eight for each text. The average
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Table 6.1.: Estimates of ICC for manual annotations of resumption lags.
Average-rating, absolute-agreement and two-way random-effects
model was used for the calculation.

Interclass Correlation 95% Confidence Interval F Test With True Value 0
Lower Bound Upper Bound Value df 1 df 2 Sig

Average measures .711 .670 .747 3.490 895 838 .000

of the annotations provided by the two raters was considered as final mea-
sure for resumption lag. We again assessed the reliability of the annotations
through the ICC. Following the reporting guidelines by Koo and Li [2016], we
computed the ICC score in R [R Core Team, 2021], using the irr package5

[Gamer et al., 2019], with average-rating (k = 2), absolute-agreement and
two-way mixed-effects model (see Table 6.1). The estimated ICC value of
.711 is within the 0.5–0.75 interval, indicating moderate reliability [Portney
and Watkins, 2009, Koo and Li, 2016].

To obtain fixation durations related to resumption, we first extracted fixa-
tions from raw gaze data. We used the established REMoDNaV toolkit and
eye movements detection algorithm [Dar et al., 2020]. We then calculated
the related gaze metric, fixation duration (ms), from the detected fixations.
Finally, we selected only fixation durations that occurred within the resump-
tion lag intervals, previously determined through manual annotations.

6.2. Results
In total, we excluded four participants and four specific interruption pages
from data analysis, resulting in a final sample size of n = 60. The participant
exclusions were as follows: one participant encountered a technical issue
and viewed the same text twice; another experienced calibration problems,
resulting in insufficient gaze data; and two participants failed to trigger more
than three interruptions. Additionally, we excluded four individual pages
from four different participants due to annotation challenges that made it
difficult to identify resumption points visually.

5Package version 0.84.1.
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6.2.1. Imagery Type Effect on Resumption
To examine the effect of imagery type on resumption lags, we used a lin-
ear mixed-effects model, implemented in R [R Core Team, 2021], with the
lme4 package6 [Bates et al., 2015]. We computed p-values for fixed effects
with the lmerTest package7 [Kuznetsova et al., 2017]. The model specified
resumption lag as the criterion variable, with the categorical variable of im-
agery type, i.e., descriptive or enactive style text, as predictor. Participant
ID and page number were included as random effects to account for repeated
measurements across different pages by the same subject. With each partici-
pant contributing, on average, eight resumption lags per text, we obtained a
total of 896 observations. The model obtained a conditional R2 of 0.18. The
imagery type did not significantly predict resumption lags (β = -0.12, CI =
-0.25 – 0.01, SE = 0.07, t(357.79) = -1.81, p = .072). On average, partici-
pants took 1.09 s (SD = 0.86) to resume from interruptions while reading the
enactive text, and 1.20 s (SD = 1.21) for the descriptive text (Figure 6.3).

Following Kumle et al. [2021], we estimated the achieved statistical power
for the predictor specified in the linear mixed-effects model, including the
random-effects structure. The post-hoc power analysis was conducted in R
[R Core Team, 2021] using the simr package8 [Green and MacLeod, 2015].
We estimated power using likelihood ratio tests with 1000 simulations and
an alpha level of .05. The analysis yielded an estimated power of 43.60%
(CI = 40.50 - 46.74) to detect the main effect of imagery type on resumption
lags. These results reflect the achieved power based on the observed effect
sizes in the sample [Kumle et al., 2021].

In addition to resumption time, we further inspected the resumption pro-
cess by analyzing fixation duration. We therefore applied the same linear
mixed-effects model to study whether the imagery type had an effect on the
duration of the fixations belonging to the resumption lag phase. The model
had fixation duration as criterion variable and the categorical variable of im-
agery type as predictor. Participant ID and page number were again included

6Package version 1.1.32.
7Package version 3.1.3.
8Package version 1.0.7.
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Figure 6.3.: Resumption lags (y-axis) based on imagery type (x-axis). D and
E respectively stand for descriptive and enactive style text. The
triangles indicate the mean. Black dots indicate outliers in each
distribution.
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Figure 6.4.: Fixation duration from the resumption lag interval (y-axis) based
on imagery type (x-axis). D and E respectively stand for descrip-
tive and enactive style text. The triangles indicate the mean.
Black dots indicate outliers in each distribution.

as random effects. The model, with nobs = 4165, obtained a conditional R2

of 0.08. The imagery type had a significant effect on fixation duration during
resumption, with fixation durations being significantly lower for the enactive
style text (β = -0.07, CI = -0.14 – -0.01, SE = 0.03, t(445.59) = -2.34, p =
.018). Upon resumption, the average fixation duration was 156.77 ms (SD =
72.55) for the enactive style text, compared to 164.50 ms (SD = 81.18) for
the descriptive style text (see Figure 6.4).

We applied the same simulations to estimate the achieved statistical power
for the predictor specified in the linear mixed-effects model. We estimated
power using likelihood ratio tests with 1000 simulations and an alpha level
of .05. The analysis yielded an estimated power of 68.70% (CI = 65.72 -
71.57) to detect the main effect of imagery type on fixation duration during
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resumption. These results reflect the achieved power based on the observed
effect sizes in the sample [Kumle et al., 2021].

6.2.2. Reading Comprehension
We additionally reproduced Magyari et al. [2020]’s analyses on the post-test
measure for reading comprehension. Following their method and due to the
non-normal distribution of the reading comprehension score, we applied the
non-parametric Wilcoxon Signed-Rank Test [Wilcoxon, 1945] to check for
differences in text comprehension. The test indicated a significant difference
in the total correct answers to the reading comprehension questionnaire be-
tween the two texts (Mdnenactive = 3, Mdndescriptive = 3, V = 307, z =
-3.56, p < .001), with a large effect size (r = .80).

To understand the direction of this difference, we further inspected the
distribution of the score. On average, subjects correctly answered 2.43 (SD
= 0.70, range 0 – 3) multiple-choice questions in the reading comprehension
test for the enactive style text, while they correctly answered 2.83 (SD =
0.42, range 1 – 3) comprehension questions for the descriptive style text.

6.2.3. Reading Experience
We also replicated Magyari et al. [2020]’s analyses for reading experience.
Due to the non-normal distribution of all the reading experience scores, we
again ran the Wilcoxon Signed-Rank Test to compare the scores between
the different texts. We adjusted the p-values for multiple comparisons with
the Benjamini-Hochberg adjustment [Benjamini and Hochberg, 1995]. The
results for all the reading experience items are displayed in Table 6.2.

To better interpret the observed differences in reading experience ratings,
we further obtained the descriptive statistics for all questionnaire items, dis-
played in Table 6.3. Generally, for items where the Wilcoxon Signed-Rank
Test [Wilcoxon, 1945] indicated significant differences, ratings were higher
for the enactive style text compared to the descriptive one. The only excep-
tion was item 3, assessing the difficulty of generating mental images, where
ratings were higher for the descriptive style text compared to enactive one.
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Table 6.2.: Results of the Wilcoxon Signed-Rank Test for the ratings of the
reading experience questionnaire between the descriptive and en-
active texts. Items 9-10, 12-13 and 15-16 were summed in line
with Magyari et al. [2020].

V z r p
1 Imagery 126.5 -1.28 0.29 .245
2 Imagery 108.5 -2.25 0.49 .045
3 Imagery 580 -2.34 0.51 .039
4 Imagery 186 -0.38 0.09 .745
5 Attentional Focus 318.5 -1.43 0.32 .210
6 Immersion 280 -1.11 0.25 .308
7 Spatial Presence 248 -0.29 0.07 .763
8 Suspense 237 -2.72 0.60 .019
9-10 Emotional Involvement 67 -5.01 1.11 <.001
11 Overall Reading Pleasure 177 -3.87 0.85 <.001
12-13 Cognitive Involvement 342.5 -2.19 0.49 .048
14 Coherence 342.5 -1.89 0.43 .086
15-16 Ease of Cognitive Access 316.5 -2.79 0.63 .019
17 Atmosphere 125 -2.65 0.60 .018
18 Empathy 92 -4.01 0.90 <.001

Note. V = test statistic, z = Z score, r = effect size, p = p-value.
All p-values were adjusted with the Benjamini-Hochberg procedure
[Benjamini and Hochberg, 1995]. P-values <.05 are written in bold.
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Table 6.3.: Descriptive statistics for the ratings of the reading experience
questionnaire between the descriptive and enactive texts. Items
9-10, 12-13 and 15-16 were summed in line with Magyari et al.
[2020]. Items in bold indicate those that showed significant results
in the Wilcoxon Signed-Rank Test.

Mdn M SD Min Max
D E D E D E D E D E

1 Imagery 4 4 3.72 3.88 1.01 1.01 1 5 1 5
2 Imagery 4 4 3.63 3.9 0.97 0.73 2 5 2 5
3 Imagery 2.5 2 2.83 2.4 1.24 1.15 1 5 1 5
4 Imagery 4 4 3.32 3.37 1.05 0.94 1 5 2 5
5 Attentional Focus 3 3 3.07 2.87 1.01 1.1 1 5 1 5
6 Immersion 3 3 2.88 3.03 1.06 1.12 1 5 1 5
7 Spatial Presence 2 2.5 2.78 2.82 1.15 1.2 1 5 1 5
8 Suspense 3 4 2.75 3.32 1.19 1.28 1 5 1 5
9-10 Emotional Involvement 4 6 4.12 5.75 1.42 1.95 2 8 2 9
11 Overall Reading Pleasure 3 3 2.57 3.25 1.05 1.05 1 4 1 5
12-13 Cognitive Involvement 6 7 5.9 6.42 1.67 1.86 3 10 2 10
14 Coherence 4 4 3.65 3.37 0.95 1.15 1 5 1 5
15-16 Ease of Cognitive Access 5 6 5 5.93 1.8 2.14 2 9 2 10
17 Atmosphere 4 4 3.2 3.65 1.13 1.12 1 5 1 5
18 Empathy 3 4 2.97 3.65 1.15 0.88 1 5 2 5

Note. Total sample size n = 60, Mdn = median, M = mean, SD
= standard deviation, Min = minimum, Max = maximum, D =
descriptive text, E = enactive text.
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6.3. Discussion

Research reported in this chapter investigated the role of text-related fac-
tors, in particular enactment- and description-imagery type, in influencing
resumption following interruptions during reading. The presented study com-
pared two narrative texts containing enactive and descriptive style passages,
with interruptions strategically interspersed. This chapter provides a novel
contribution to the interrupted reading research field, addressing the un-
explored question of how text style affects resumption. The study aimed
to determine whether enactment-imagery, elicited by enactive text features,
resulted in longer resumption–characterized by longer resumption lags and
fixation durations–compared to description-imagery, following an interrup-
tion. While our hypotheses, H1 and H2, were not supported, the results
revealed significantly shorter fixation durations during resumption for the
enactive text, contributing to a deeper understanding of the cognitive and
attentional processes underlying interrupted narrative reading.

Contrary to our expectations, our results indicated no significant effect of
imagery type on resumption lags following an interruption. This suggests
that the time required to resume reading may be influenced more by indi-
vidual cognitive factors, such as vsWMC and familiarity with the text genre
[Zermiani et al., 2024b], rather than by text features. These findings align
with prior discussions (see Chapter 5) on the complexity of the resumption
process, which likely draws on the interplay of reader-specific cognitive char-
acteristics [Zermiani et al., 2024b]. Interestingly, while the effect was not sta-
tistically significant, participants resumed reading the enactive text slightly
faster than the descriptive text, as indicated by the negative coefficient of the
predictor as well as by the average resumption times. While in contrast with
Magyari et al. [2020], this observation aligns with prior work showing faster
reading times on action-laden passages, associated with motor simulation,
[Mak and Willems, 2019] and sentences containing two action-related verbs
[Marino et al., 2017]. Notably, the enactive text in our experiment contained
a higher density of verbs compared to the descriptive text [Magyari et al.,
2020], a feature strongly linked to enactment-imagery and action-oriented
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cognitive processing [Kuzmičová, 2014].

When inspecting gaze behavior, however, we observed that the imagery
type could significantly predict the duration of fixations during resump-
tion lags. In other words, participants exhibited significantly shorter fixa-
tion durations when resuming enactive texts compared to descriptive ones.
This finding highlights differences in how enactive text may foster cognitive
processing upon resumption. Unlike description-imagery, enactive-imagery–
characterized by object-directed and bodily-movement descriptions that fos-
ter greater engagement with the story [Kuzmičová, 2013, 2014]–appeared to
preserve text information more effectively during interruptions. The shorter
fixation durations observed upon resumption suggest that enactive-style texts
offer higher ease of cognitive processing, consequently enabling swifter re-
covery of previously read material. These results resonate with Mak and
Willems [2019], who found that motor simulation and action-related descrip-
tions were associated with shorter gaze durations, hence faster reading time,
indicating reduced processing difficulty [Rayner and McConkie, 1976, Just
and Carpenter, 1980, Rayner, 1998]. Conversely, they showed that perceptual
simulation, partially corresponding to description-imagery [Magyari et al.,
2020], tended to prolong gaze duration, suggesting greater processing diffi-
culty [Rayner and McConkie, 1976, Just and Carpenter, 1980, Rayner, 1998].
With object-directed and bodily-movement descriptions, enactive texts may
activate enactment-imagery and action-oriented cognitive processing, facili-
tating the retrieval and recovery of textual information from working memory
following interruptions. Specifically, the higher density of active verb forms
and action-focused sentences involving interactions with objects could sup-
port cognitive re-engagement upon resumption. Such features may enhance
retrieval structures in short-term working memory, thereby enabling efficient
access to information stored in LT-WM.

Surprisingly, we found that participants scored significantly lower on read-
ing comprehension for enactive texts, despite the apparent ease of resumption
indicated by shorter fixation durations. This contrasts with Magyari et al.
[2020], who reported no significant difference in comprehension scores for the
same pair of texts. However, their design consisted of a self-paced uninter-
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rupted reading task. This discrepancy may reflect the differential impact
of interruptions: while the imagery-evoking mechanisms inherent to enac-
tive texts might promote easier resumption, they may not enhance overall
comprehension. The self-reported reading experience questionnaire results
corroborate this interpretation, revealing no significant differences in atten-
tional focus between the two text types. Enactive texts may thus foster
resilience to interruptions without necessarily improving sustained attention
or comprehension. Interestingly, while exploring whether participants’ indi-
vidual differences might impact the relationship between mental simulation
and gaze behavior in reading, Mak and Willems [2019] showed that higher
reported levels of attention had a negative effect on how strong the rela-
tionship was. Specifically, the authors postulated that readers reporting low
attention were most likely experiencing more mindless reading, hence being
more inclined to simulate the narrated events and making more associations
while processing the text [Mak and Willems, 2019]. However, as pointed
out by Mak and Willems [2019], to uncover the exact dynamics of this com-
plex interplay between attention, mental imagery and gaze behavior, further
research is needed.

The reading experience questionnaire revealed notable differences between
the two texts across several factors: mental imagery–in terms of both reader’s
ability to generate vivid mental images of characters and settings described
in the text and difficulty of generating mental images–suspense, emotional in-
volvement, overall reading pleasure, cognitive involvement, ease of cognitive
access, atmosphere and empathy. These results partially align with and ex-
tend the findings of Magyari et al. [2020] for the same pair of texts, where only
the imagery-related item assessing the difficulty of generating mental images,
i.e., item 3, significantly differed, with descriptive texts being more difficult
to visually imagine. Likewise, our results demonstrated greater reported dif-
ficulty in conjuring visual images during the descriptive-text story, whereas
the enactive-text story brought persons and places to life more vividly in
participants’ imagination. This suggests that imagery processing in enactive
texts may require less conscious effort compared to the description-imagery
style [Magyari et al., 2020]. Supporting this, significantly higher ratings for
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cognitive involvement and ease of cognitive access were observed for the en-
active text. Its action- and object-oriented content was generally perceived
as easier to understand and follow, requiring less cognitive effort, in line with
Mak and Willems [2019].

Moreover, in contrast to Magyari et al. [2020], the enactive text in this
study elicited significantly higher ratings for suspense, highlighting its abil-
ity to engage readers with greater narrative tension and anticipation. Par-
ticipants also reported higher emotional involvement with the enactive text,
which they found more enjoyable and atmospheric. The enhanced engage-
ment likely facilitated a deeper empathetic connection with the characters,
as displayed in the higher empathy ratings. This suggests that the enactive
text contributed to higher affective responses, possibly reflecting a stronger
bonding between the reader and the character’s experience Caracciolo [2012],
Kuzmičová [2014], as well as to higher overall reading pleasure. These ob-
servations align with previous research [Oatley, 1995, Lai et al., 2015, Mak
and Willems, 2019, Mak et al., 2023], which emphasized the importance of
emotional resonance in mental simulation and language processing. Readers
simulate the emotions of characters by drawing on their own emotional expe-
riences, creating a reciprocal relationship between emotional engagement and
the vividness of mental simulation [Oatley, 1995, Mak and Willems, 2019].

6.3.1. Implications

The findings suggest that texts eliciting enactment-imagery, characterized by
action- and object-oriented descriptions, may enhance cognitive processing
and facilitate the recovery of textual information during resumption after
interruptions in reading. This emphasizes the critical role of task-specific
features in influencing resumption processes and underscores the need for
resumption frameworks to integrate such features. For instance, text style
and imagery could be incorporated into the Memory for Goals framework
[Altmann and Trafton, 2002, Trafton et al., 2003] as factors influencing the
encoding strength and accessibility of goal representations. Task-specific
characteristics, such as action-laden descriptions, may strengthen the link
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between interrupted goals and working memory representations via embod-
ied cognition mechanisms, making these goals more resistant to decay or
interference during interruptions. Similarly, within the LT-WM theory [Er-
icsson and Kintsch, 1995, Delaney and Ericsson, 2016], text features can be
viewed as part of the retrieval structure. Action-oriented verbs and motor
descriptions in enactive texts may serve as stronger retrieval cues, making
information more accessible during resumption. Most importantly, cognitive
processes activated by text characteristics, such as mental imagery, must be
carefully considered when designing interrupted reading experiments and se-
lecting reading materials. Results derived from collections of diverse text
types or short paragraphs could be confounded by variations in these fea-
tures. Ensuring consistency in text characteristics might be relevant to draw
more comprehensive conclusions about the cognitive processes involved in
reading resumption.

Additionally, the results on emotional and empathetic response have im-
plications for our understanding of how narrative styles influence affective
engagement and mental imagery, highlighting an intricate interaction be-
tween emotion, imagery, attention and comprehension in narrative process-
ing. Narrative texts appear to offer a rich and versatile resource for examining
attention and comprehension dynamics in both uninterrupted and disrupted
reading processes.

From a practical perspective, the results have implications for designing
educational materials and content, particularly for use in environments prone
to frequent interruptions, such as classrooms or digital learning platforms.
Enactive-imagery texts, which foster swifter resumption through reduced fix-
ation durations, may be better suited for environments where interruptions
are unavoidable. Higher density of active forms, action-laden verbs and sen-
tences involving object-directed interactions may facilitate cognitive process-
ing during resumption, thereby enhancing the learning experience in reading
contexts. However, the trade-off between cognitive ease and comprehension
must be considered. While enactive texts support smoother recovery from
interruptions, they may not always lead to deeper understanding of the ma-
terial. Designers of instructional content might therefore need to balance the
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use of enactive and descriptive styles depending on whether the goal is to
facilitate interrupted reading or promote long-term retention and compre-
hension. These insights may also inform further development of gaze-based
AALT for reading. Such technologies could tailor text styles to the learner’s
external environment, e.g., noisy or interruption-prone settings; internal cog-
nitive states, e.g., learning goals or levels of motivation; and real-time behav-
ioral indicators of attentional focus, such as eye movements. For instance,
platforms could prioritize enactive-like features when users are likely to face
interruptions or are experiencing distractions or mindless reading [Hutt et al.,
2021, 2024], leveraging their ability to facilitate smoother cognitive recov-
ery. Conversely, when the focus is on in-depth comprehension and retention,
descriptive-like features may be more appropriate. Adaptive systems could
therefore integrate a mix of both styles or enhance enactive style texts with
supplemental materials, such as reflective questions or summaries to ensure
comprehension is not compromised (for a similar approach leveraging reviews
and previews to minimize interruption effects during reading, see Srivastava
et al. [2021]), thereby enhancing metacognitive skills [Paris and Winograd,
2013, Stanton et al., 2021].

6.3.2. Limitations

Some methodological limitations in the presented study should be high-
lighted. While we aimed to capture the differences in mental imagery be-
tween texts through the use of subjective ratings in the reading experience
questionnaire [Magyari et al., 2020], this approach lacks the precision of more
direct measurements of mental imagery or simulation, such as neuroimaging
techniques [Mak et al., 2023]. However, the use of subjective scales aligns
with both prior work (cf. Mak and Willems [2019] for an overview) as well
as efforts to maintain ecological validity in our experimental design. Unlike
mobile brain imaging techniques, which still create artificial settings, sub-
jective scales provide a less intrusive and more naturalistic method, making
them better suited for assessing reading-related processes while simulating
real-world contexts such as educational environments.
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Additionally, interruptions were strategically inserted withing those pas-
sages that have been previously annotated for evoking enactment- or description-
imagery by [Magyari et al., 2020]. Although reflecting a more naturalistic
scenario, this design choice led to interruptions occurring at different points
in the page, without controlling for line position, as in prior studies [Cane
et al., 2012, Jo et al., 2015, Chevet et al., 2022a, Zermiani et al., 2024b].
Efforts were made to counterbalance the line position of target words across
pages and texts; however, this variability may have introduced differences in
resumption lags between conditions. Controlling for line position in future
work could help isolate the effects of text style more precisely.

The observed moderate ICC for manually annotated resumption lags fur-
ther underscores the criticalities of this method. This emphasizes the need
for more reliable and automated resumption detection techniques, such as
reading fixation detection algorithms [Jo et al., 2015], to reduce potential
bias and improve reproducibility.

Lastly, the low conditional R2 values for the models, particularly for fix-
ation duration, indicate that the models explained only a small fraction of
the variance in the investigated dependent variable, suggesting the influ-
ence of other variables not captured by the current design. These could
include individual cognitive differences, task difficulty, or fatigue. These re-
sults also highlights the complexity of reading behaviors and the challenges
of fully capturing how individuals respond to interruptions and different text
styles. While the significant predictor offer insights into potential mecha-
nisms, the limited explanatory power emphasizes caution in generalizability
and the need for further research with additional variables and refined ex-
perimental designs to better understand the factors influencing resumption
in interrupted reading.

6.3.3. Conclusion and Outlook

This study opens several avenues for further investigation into the relation-
ship between text characteristics, interruption recovery, and gaze behavior
during reading. Future research could extend the analysis by investigat-

89



6. Text-Related Factors in Resumption during Reading

ing the effect of imagery type and text features on different phases of the
resumption process, following previous approaches [Cane et al., 2012, Zer-
miani et al., 2024a]. For instance, analyzing eye movements across pre- and
post-interruption phases, with a particular focus on the corresponding text
segments, could provide deeper insights into the interaction between imagery
type, interruptions, and gaze behavior. Moreover, future research could in-
corporate a detailed linguistic analysis by extracting syntactic and semantic
features from the texts. This approach could help identify specific elements
that contribute to the facilitative effects of enactive text on resumption, of-
fering a multi-layered investigation of how text characteristics impact inter-
rupted reading.

A more in-depth analysis of the reading comprehension scores could fur-
ther enhance our understanding of how individual differences influence the
interrupted reading process. Exploring whether participants with lower com-
prehension scores exhibited distinct patterns of re-engagement with the text,
or whether their scores primarily indicate a general lack of focus reflected
in reading behavior, could help disentangle the cognitive factors influencing
comprehension during interrupted reading of narratives.

Finally, this research could be extended to other text types and character-
istics. For instance, expository texts, newspaper or scientific articles could be
taken into account. Besides, different literary genres could also be explored.
In this direction, responses to the reading habits questionnaire could be ex-
amined through factor analysis to identify clusters of frequently read genres,
as well as frequent readers vs. non-readers. This would enable researchers
to study whether genre-related reading frequency may influence resumption
times, gaze behavior, and overall reading processes. Our findings also sug-
gest that, beyond imagery, various factors such as cognitive and emotional
engagement, empathy, and suspense shape the reading experience of narra-
tives. Examining these variables in relation to resumption mechanisms could
uncover their role in enhancing or diminishing resilience to interruptions. By
linking text-related with reader-related characteristics, future studies could
provide further insights into whether such interactions may shape the in-
terrupted reading experience and inform further development of adaptive
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learning technologies.
In conclusion, this chapter has focused and shed light on the impact of text

styles eliciting enactment- vs. description-imagery on the resumption pro-
cess. The presented results contribute to a deeper understanding of the cog-
nitive mechanisms underlying interrupted reading and their interaction with
text, a research domain that remains relatively unexplored. These findings
emphasize the potential for future research to leverage text features to adap-
tive learning technologies, fostering cognitive engagement and resilience to in-
terruptions. Integrating task-specific characteristics with individual cognitive
differences would provide a more comprehensive understanding of resumption
processes. This, in turn, could improve the capacity of learning technologies
to tailor and optimize individual learning experiences effectively.
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7. InteRead: Towards an Eye
Tracking Corpus for
Interrupted Reading

This chapter1 introduces the third contribution of this thesis by presenting
InteRead2, the first publicly accessible eye tracking dataset focused on in-
terrupted reading. Addressing the critical gap in data availability, InteRead
provides a valuable resource for investigating individual differences in atten-
tional recovery processes during reading simulating interruption-filled envi-
ronments. This dataset not only includes comprehensive gaze and linguistic
data but also incorporates demographic information and annotations of re-
sumption lags, enabling detailed analysis of task resumption in narrative
reading contexts.

The scarcity of publicly available datasets with comparable scope and focus
has limited advancements in adaptive, gaze-based AALT and NLP applica-
tions for education, which rely on individualized gaze data to support and
enhance reading engagement and assessment [Mariakakis et al., 2015, Hutt
et al., 2021, Mézière et al., 2023, Southwell et al., 2023, Ganesh et al., 2023].
InteRead was developed to bridge this gap, enabling researchers to conduct
investigations into how interruptions and linguistic features affect reading
processes, as well as into individual variability in reading and resumption
behavior, ultimately fostering the development of more personalized read-
ing tools. This chapter therefore tackles the following overarching research

1The content of this chapter has already been published in Zermiani et al. [2024a].
2The complete dataset is available for download here: https://doi.org/10.17605/

OSF.IO/43J5F
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question:

RQ3 How can we address data scarcity on individual differences in resump-
tion during reading to advance the development of adaptive AALT?

Particularly, the validation analyses reported in this chapter address the
following three research questions and open up cross-disciplinary research
opportunities for future studies that can leverage the capabilities of InteRead:

1. How can we leverage InteRead to investigate the impact of interrup-
tions on gaze behavior during reading?

2. How can we leverage InteRead to investigate the impact of linguistic
features on gaze behavior during interrupted reading?

3. How can we leverage InteRead to investigate individual variability in
interrupted reading?

7.1. Dataset Overview
The InteRead dataset is an open-source eye tracking dataset focused on in-
terrupted reading, with linguistic features and gaze data gathered from 50
participants performing an interrupted reading task. This dataset emerged
from the data collection presented in Chapter 5. Participants engaged in
three phases during data collection: a pre-test, an interrupted reading task,
and a post-test.

In the pre-test, they completed demographic questions, a prior knowledge
questionnaire developed by the authors, assessing familiarity with Sherlock
Holmes stories and the crime fiction genre, and a SSPAN task [Unsworth
et al., 2009] to measure vsWMC. The SSPAN task required participants to re-
call sequences of colored squares and perform symmetry judgments on grids,
with scores reflecting recall accuracy and processing performance. During
the interrupted reading task, participants read an excerpt from the Sherlock
Holmes’ story “The Adventure of the Speckled Band” [Doyle, 1892], writ-
ten in Victorian British English, while their eye movements were recorded.
Six pages (pages 3, 7, 11, 15, 19, 24) featured an interactive interrupting
task in the form of opinion questions [Pashler et al., 2013] appearing in a
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dialogue box. The interruptions, triggered by eye tracking data when par-
ticipants reached specific target words, required participants to type their
answer within 60 s. Finally, the post-test included four reading comprehen-
sion questions, developed by the authors, to verify participants’ attentive
reading and a reading experience questionnaire, assessing reading immer-
sion and enjoyment [Kuijpers et al., 2014] and their resumption strategies
[Wirzberger and Russwinkel, 2015].

The InteRead dataset therefore encompasses all recorded data and re-
sponses from each phase of the data collection, along with the reading stimuli
including 5247 words over 28 pages. It also contains analysis scripts and a
custom-built annotation tool, which allowed annotators to visualize gaze data
following interruptions and manually select the first stable reading pattern in
the pre-interruption text to derive resumption lags for each participant. The
obtained resumption lags are also included in InteRead. While the methods
and materials used during data collection were already detailed in Section
5.1, this section will focus on the data pre-processing procedures involved in
constructing the InteRead dataset.

7.1.1. Data Pre-processing

From the initial sample size of n = 57, we excluded seven participants from
the InteRead dataset for lacking more than 50% gaze data points on the
pages including an interruption, or skipping more than two interruptions
out of six, or having issue during the resumption annotation phase due to
excessively noisy data. In contrast with Chapter 5, in the validation process
of this dataset we did not conduct any analyses on the SSPAN task. For this
reason, we did not exclude any additional participants, resulting in a final
sample size of n = 50.

The next pre-processing step involved the extraction of gaze and linguistic
features from the raw gaze data and text material.
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Gaze Features Extraction

Due to fluctuations in the timestamps of the raw gaze data collected with
the PyGaze package [Dalmaijer et al., 2014], we first resampled the data to
ensure a consistent 1200 Hz sampling rate. We applied linear interpolation to
the gaze coordinates between adjacent valid samples, omitting any samples
recorded during blinks. Subsequently, we averaged the left and right eye
coordinates from the raw data and detected fixation and saccade events using
the REMoDNaV toolkit [Dar et al., 2020].

Following prior research [Hollenstein et al., 2022, Mézière et al., 2023], we
therefore obtained relevant gaze features:

• Fixation Duration: mean duration of all fixations for a word (ms);

• First Pass Fixation: fixation duration for the first pass fixation the
participant produced on a word (ms);

• Gaze Duration: sum of all first pass fixations on a word (ms);

• Fixation Count: count of fixations a participant made on a word (n);

• Non-Fixation: boolean indicator showing whether a word received fix-
ations;

• Saccade Length: mean length of saccades (px);

• Regression Frequency: mean frequency of regressive saccades–saccades
that are directed backward along the line of text (%);

• Reading Times: time required by the participant to read a page (s).

Linguistic Features Extraction

To extract linguistic features, we initially parsed the text read by the partici-
pants in Python [Van Rossum and Drake, 2009], using the widely established
spaCy3 library [Honnibal and Johnson, 2015]. To integrate the linguistic fea-
tures with the eye tracking data, we manually aligned each parsed word to its
corresponding predefined region of interest, commonly known as a bounding
box, defined by its pixel coordinates. We further incorporated abstractness

3Version 3.6.1.
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ratings, i.e., level of abstractness of a given word. To do this, we applied
the ratings from Brysbaert et al. [2013], which indicate the extent to which
a word’s meaning is grounded in human perceptual experiences, on a range
of 1–purely abstract to 5–purely concrete. For extracting word frequency
values instead, i.e., frequency of a given word in a natural logarithmic scale,
we used the SUBTLEXus database [Brysbaert and New, 2009]. Specifically,
based on established evidence that logarithmic transformations of word fre-
quency are more appropriate for analyzing word-related processing in reading
[Zipf, 1935, Balota et al., 2004, Brysbaert and New, 2009], we extracted the
logarithmic frequency values for each word contained in our dataset, from
the related column of the SUBTLEXus database.

We thus obtained the following linguistic features:

• Sentences: average number of sentences contained in a given page;

• Part-Of-Speech Tags: grammatical tag of each word;

• Dependency Relations: syntactic dependencies of each word;

• Words: total count of words per page;

• Word Types: total count of unique words per page;

• Word Length: length of each word (in characters);

• Type-Word Ratio: proportion of types to words on a page;

• Content Words: boolean flag showing whether a word is a content
word, e.g., nouns or verbs;

• Logarithmic Word Frequency: frequency of a given word in a natural
logarithmic scale;

• Abstractness/Concreteness: Ratings on a range of 1–purely abstract
to 5–purely concrete.

For all analyses on linguistic elements based on gaze data, we excluded fix-
ation shorter than 100 ms, following previous approaches [Hollenstein et al.,
2020, 2022]. Such brief fixations are generally assumed to provide limited
meaningful information about reading processes [Just and Carpenter, 1980,
Rayner, 1998, Reichle et al., 1998, Sereno and Rayner, 2003].
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7.2. Dataset Validation
To validate the InteRead dataset quality, we conducted three focused analyses
designed to tackle the related research questions. The analyses presented here
specifically aimed to demonstrate its reliablility and applicability for studying
gaze behavior during interrupted reading settings.

First, we compared eye movements associated with higher-level reading
processes during the pre-interruption and post-interruption phases to de-
termine whether interruptions caused significant differences in their means,
following [Cane et al., 2012]. This analysis validated the dataset’s ability to
capture interruption effects on gaze behavior during reading.

Second, we investigated the influence of word-level linguistic features,
specifically logarithmic word frequency and word length, on gaze behavior.
These effects are well-established benchmarks in reading research since they
reflect the intricate interaction of physiological, psychological, and cognitive
processes involved in reading [Rayner, 1998, Kliegl et al., 2004, Sekerina et al.,
2019a, Kuperman et al., 2024]. By confirming the presence of these effects in
our dataset, we validated its alignment with established reading paradigms
and its ability to capture core reading processes, based on linguistic features.

Lastly, we examined the individual variability in our dataset with regard
to reading time and resumption time across participants. This analysis ex-
plored whether individual differences are reflected in the dataset, addressing
how InteRead can be leveraged to study individual variability in interrupted
reading behavior.

7.2.1. Interruption Effect on Gaze Behavior
To assess the effect of interruptions on reading behavior, we first identified
two main temporal phases in the pages containing an interruption: (1) pre-
interruption phase, covering the reading activity from the start of the page
until the interruption occurred and (2) post-interruption phase, covering the
reading activity from the end of the interruption until the end of the page.
We analyzed eye movements associated with higher-level cognitive processes
and semantic integration, such as reading time, fixation count, fixation dura-
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tion, saccade length, and regression frequency, based on established research
[Rayner, 1998, Reichle et al., 1998, Cane et al., 2012]. Our aim was to test
whether these gaze metrics exhibited significant changes between the pre- and
post-interruption phases. This approach was conceptually grounded in prior
research showing the effect of interruptions on these specific eye movements
across the temporal phases [Cane et al., 2012, Chevet et al., 2022a].

We therefore conducted a multiple paired t-test analysis [Student, 1908]
with Bonferroni correction [Bonferroni, 1936], using R [R Core Team, 2021].
For the pages containing an interruption, the total number of observations
(nobs = 578) were thus assigned to pre-interruption (n = 289) and post-
interruption (n = 289) groups, corresponding to the identified temporal
phases. Results revealed a significant increase in reading times (t(497.7)
= -14.65, p < .0001, d = -1.21), fixation counts (t(501.12) = -14.16, p
< .0001, d = -1.17), and saccade lengths (t(575.99) = -5.21, p < .0001,
d = -0.43) following an interruption. Specifically, as displayed in Figure
7.1, readers spent significantly more time reading, made more fixations, and
exhibited longer saccades in the post-interruption phase, compared to the
pre-interruption one. However, no significant change was observed for fixa-
tion duration (t(575.97) = 0.42, p = 1.0, d = 0.03) or regression frequency
(t(544.11) = 1.91, p = .281, d = 0.15) across phases. Table 7.1 provides an
overview of the descriptive statistics related to these results.

7.2.2. Linguistic Features Effect on Gaze Behavior

Among the extracted linguistic features, we focused on exploring the impact
of logarithmic word frequency and word length on reading gaze behavior,
specifically first pass fixation and gaze duration. These gaze metrics have
been previously linked to lexical properties, such as word length and fre-
quency, in the reading research literature [Schilling et al., 1998, Kliegl et al.,
2004, Hollenstein et al., 2022]. The objective of this analysis was to vali-
date whether our dataset reflected these well-established benchmark effects
[Rayner, 1998, Kliegl et al., 2004, Sekerina et al., 2019a, Kuperman et al.,
2024], thereby capturing fundamental linguistic influences on reading pro-
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Figure 7.1.: Boxplot illustrating the distribution of reading time, fixation
count, fixation duration, saccade length, and regression fre-
quency across pre- and post-interruption phases [Zermiani et al.,
2024a]. Black dots indicate outliers in each distribution. Signif-
icance between means of the two distributions is represented by
stars (*) for significant differences and “ns” for non-significance.
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Table 7.1.: Descriptive statistics of the inspected eye movements across the
pre-interruption and post-interruption temporal phases, for pages
containing an interruption.

Pre-Interruption Post-Interruption
M SD M SD

Reading Time (s) 22.33 9.38 37.05 14.27
Fixation Count 88.89 37.19 144.82 55.91
Fixation Duration (ms) 199.13 29.02 198.10 29.21
Saccade Length (px) 127.17 29.71 140.05 29.67
Regression Frequency (%) 21.47 9.04 20.18 7.07

Note. Total sample size n = 50; M = mean, SD = standard devia-
tion; s = seconds; ms = milliseconds; px = pixels; % = percentage.

cesses. In particular, we inspected whether logarithmic word frequency and
word length could significantly influence gaze duration and first pass fixation
in our dataset, across all pages.

To test this, we therefore used two linear mixed-effects models imple-
mented in R [R Core Team, 2021], with the lme4 4 package[Bates et al.,
2015]. We computed p-values for fixed effects with the lmerTest5 package
[Kuznetsova et al., 2017]. The first model had first pass fixation as the crite-
rion variable, and logarithmic word frequency and word length as predictors.
It operated on a total of 110057 observations and obtained a conditional R2

of 0.06. The second model instead had gaze duration as the criterion vari-
able, and again logarithmic word frequency and word length as predictors.
It operated on a total of 110057 observations and obtained a conditional R2

of 0.10. To account for variability introduced by different participants and
text structures, line number, page number, and participant ID were included
as random effects in both models.

Word length did not significantly predict first pass fixations (β = -0.13, CI
= -0.49 – 0.23, SE = 0.17, t(104300) = -0.71, p = .476) but did substantially
predict gaze duration (β = 12.44, CI = 11.90 – 12.97, SE = 0.26, t(108300)

4Package version 1.1.32.
5Package version 3.1.3.
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= 45.39, p < .0001). In contrast, logarithmic word frequency significantly
predicted both first pass fixation (β = -0.77, CI = -1.04 – -0.50, SE = 0.14,
t(101900) = -5.61, p < .0001) and gaze duration (β = -0.60, CI = -1.01 –
-0.20, SE = 0.20, t(107600) = -2.93, p = .003).

7.2.3. Individual Variability in Reading and Resumption
Times

Finally, we aimed to test whether our dataset reflected individual variability
in interrupted reading behavior, in particular in overall reading time and re-
sumption time. Following a leave-one-out approach, we first compared each
participant’s average reading time to the mean reading time of all remaining
participants (n = 49), using a two-sample unpaired t-test [Student, 1908],
implemented in R [R Core Team, 2021]. This method allowed us to identify
participants whose reading times significantly deviated from the group aver-
age. A Benjamini-Hochberg correction [Benjamini and Hochberg, 1995] was
applied to the resulting p-values to control for multiple comparisons.

Out of 50 participants, 31 exhibited significant differences from the re-
maining group mean (n = 49), with 18 reading faster and 13 reading slower
than the mean. Since this approach generated a large number of t-statistics,
p-values, and effect sizes, we reported the average values to summarize the
results more concisely. To compute these averages, we aggregated the t-
statistics, p-values, and effect sizes from all comparisons separately for faster
readers, slower readers, and typical readers. The average reading time among
participants was significantly lower for faster readers, with an average effect
of t(1398) = -3.88 (pavg = .007, davg = -0.74), and significantly higher for
slower readers, with an average effect of t(1398) = 5.06 (pavg = .002, davg

= 0.96). On the contrary, the remaining participants showed no significant
differences in average reading time, with an average effect of t(1398) = 0.26
(pavg = .439, davg = 0.05), indicating a more typical reading speed within the
sample. The groups were categorized into fast, moderate, and slow readers,
with respective mean reading time of 37.22 s (SD = 11.69 s, range = 14.23 –
131.77 s), 51.60 s (SD = 12.71 s, range = 20.47 – 94.43 s), and 68.02 s (SD
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Figure 7.2.: Boxplot illustrating individual differences in mean reading time
per page (x-axis) across participants (y-axis), with average read-
ing times arranged in ascending order. The dashed red horizontal
line represents the overall mean reading time across all partici-
pants. Participants are categorized by reading speed into three
groups: Fast, Moderate, and Slow, as reported in Zermiani et al.
[2024a].

= 19.11 s, range = 26.32 – 150.65 s) (Figure 7.2).
To assess individual variability in resumption times, we again employed a

leave-one-out approach using a two-sample unpaired t-test [Student, 1908],
implemented in R [R Core Team, 2021]. For each participant, their av-
erage resumption time was compared to the mean resumption time of all
remaining participants (n = 49). To account for the multiple comparisons
conducted across participants, we applied the Benjamini-Hochberg correction
[Benjamini and Hochberg, 1995].

This analysis revealed that four participants exhibited significantly longer
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resumption lags compared to the group mean across our sample. Given the
large number of comparisons, we summarized the results by reporting the
average t-statistics, p-values, and effect sizes separately for participants with
longer resumption lags and those with typical resumption lags. Specifically,
the four participants indicated substantially longer resumption lags, with
an average effect of t(288) = 3.68 (pavg = .018, davg = 1.63), compared to
the group mean. The remaining participants instead showed no significant
deviations from the group mean, with an average effect of t(288) = -0.28 (pavg

= .677, davg = -0.11), indicating a more typical resumption time within the
sample. Four participants therefore were substantially slower at resuming
after interruptions, with an average time of 6.39 s (SD = 4.05 s, range =
0.87 – 18.93 s), compared to the other participants, who had an average
resumption time of 2.46 s (SD = 1.98 s, range = 0.26 – 12.28 s) (Figure 7.3).

7.3. Discussion
The lack of accessible eye tracking reading datasets incorporating interrup-
tions currently challenges advancements in key research areas. These in-
clude the development of gaze-based AALT and reading applications [D’Mello
et al., 2012, Jo et al., 2015, Mariakakis et al., 2015, Srivastava et al., 2021,
Hutt et al., 2021, 2024], as well as NLP-based educational tasks, such as read-
ing comprehension prediction systems from gaze data [Malmaud et al., 2020,
Mézière et al., 2023, Southwell et al., 2023]. These applications increasingly
aim to adapt to individual differences and interruption-prone environments.
However, development is hindered by the limited availability of datasets that
capture how gaze behavior changes in reading contexts designed to simu-
late real-world scenarios, where interruptions are frequent [Mariakakis et al.,
2015, Hutt et al., 2021, Ganesh et al., 2023].

To address this gap, this chapter introduced InteRead, a publicly available
eye tracking dataset designed for interrupted reading. InteRead provides a
combination of linguistic and gaze features collected from 50 participants as
they engaged in reading a long fictional English text containing interruptions.
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Figure 7.3.: Boxplot illustrating individual differences in mean resumption
time across pages (x-axis) and participants (y-axis), with aver-
age resumption times arranged in ascending order. The dashed
red horizontal line represents the overall mean resumption time
across all participants. Participants are categorized by resump-
tion speed into two groups: Moderate and Slow.

By offering detailed gaze data across pre- and post-interruption phases, In-
teRead has the potential to inform the development of AALT and reading
applications by enabling researchers to further investigate how each reader
adjusts to interruptions. Additionally, the dataset supports NLP-based ed-
ucational tasks, such as predicting reading comprehension and assessment,
by providing comprehensive annotations linking linguistic features to gaze
metrics.

Our analyses applied interdisciplinary methodologies to examine key as-
pects of InteRead. The validation particularly focused on the impact of inter-
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ruptions and linguistic features on gaze behavior as well as on the individual
variability reflected in our dataset. These analyses addressed InteRead’s va-
lidity for studying interrupted reading, providing evidence that our dataset
can support future investigations into changes in gaze behavior caused by
interruptions. Specifically, results revealed a significant increase in reading
time, fixation count, and saccade length after interruptions. Moreover, the
significant effects of word frequency on first-pass fixation and gaze duration,
and of word length on gaze duration, confirmed the presence of these bench-
mark effects tied to lexical properties. This demonstrated that InteRead
reliably captures core reading processes linked to linguistic features [Rayner,
1998, Kliegl et al., 2004, Sekerina et al., 2019a, Kuperman et al., 2024], and
can be further leveraged for their study. Finally, the substantial individual
variations in average reading and resumption times highlighted the dataset’s
capacity to support investigations on individual differences in interrupted
reading behavior, offering a resource for adaptive and personalized educa-
tional tools.

7.3.1. Interruption Effect on Gaze Behavior

The first set of analyses displayed a substantial increase of reading time, fixa-
tion count and saccade length on those pages containing an interruption, for
the period of time immediately following the interrupting task itself. These
results are consistent with prior findings [Cane et al., 2012, Cauchard et al.,
2012], suggesting that readers may revisit and make use of previously read
text for reorientation and resumption before moving on to the new text, as
indicated by longer saccades, higher number of fixations and longer overall
time spent reading.

However, our results did not show significant changes in fixation duration
or regression frequency before and after interruptions. While Cane et al.
[2012] observed a significant increase in regression frequency compared to
the non-interrupted condition, this analysis referred to the re-reading of
the pre-interruption text after an interruption. With regard to the same
phase, however, Cauchard et al. [2012] reported no significant difference in
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regression frequency. When considering instead only the post-interruption
text after an interruption, no significant change was reported for regres-
sion frequency [Cane et al., 2012, Cauchard et al., 2012]. Prior research
also found a consistent significant effect of interruptions on fixation dura-
tion in the post-interruption phase [Cane et al., 2012, Cauchard et al., 2012].
Specifically, this effect was observed during the re-reading of previously read
text, as well as during the reading of new text introduced after the interrup-
tion. However, while average fixation durations increased in the re-reading of
the pre-interruption text, they decreased while reading the post-interruption
text, also referred to as facilitative effect of interruptions in prior research
[Cane et al., 2012, Cauchard et al., 2012]. Despite not reaching statistical
significance, our results also displayed shorter fixation duration in the post-
interruption phase at the descriptive level. In interrupted reading, processing
of new post-interruption text may be therefore facilitated, in spite of the over-
all increase in reading times [Cane et al., 2012, Cauchard et al., 2012]. This
facilitative effect has been explained as a consequence of re-reading the pre-
interruption text, which reinforces memory traces, enabling faster integration
of novel text [Oulasvirta and Saariluoma, 2006, Cane et al., 2012, Cauchard
et al., 2012]. According to the LT-WM theory, skilled readers can quickly
store processed information in long-term memory and retrieve it as needed,
provided that retrieval cues are present in short-term working memory [Er-
icsson and Kintsch, 1995, Cane et al., 2012, Cauchard et al., 2012]. Upon
resumption, previously read content may no longer be available in short-term
memory but can be retrieved from long-term memory if the reader briefly
re-reads the pre-interruption text, enhancing integration with new text once
reading resumes [Cauchard et al., 2012].

The discrepancy from prior research Cane et al. [2012], Cauchard et al.
[2012] may result from differences in experimental design, particularly in
how the post-interruption phase was distinguished between re-reading pre-
interruption content and engaging with post-interruption text. In contrast
with our definition of resumption lag as the time span from the end of the in-
terruption until the first stable reading pattern in the pre-interruption text,
Cane et al. [2012] defined it as the time participants spent re-reading the
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pre-interruption text upon returning to the task. Furthermore, their study
employed a collection of brief paragraphs from various text types, complicat-
ing direct comparison to our data collection, which used a continuous long
fictional text.

7.3.2. Linguistic Features Effect on Gaze Behavior

Findings from the second set of analyses on the influence of linguistic features
on gaze behavior highlighted key mechanisms underlying reading processes
across all pages, with word length and frequency effect benchmarks [Rayner,
1998, Kliegl et al., 2004, Sekerina et al., 2019a, Kuperman et al., 2024].
Specifically, word length had a significant effect on gaze duration, but not
on first pass fixations. On the other hand, word frequency had a substantial
effect on both first pass fixations and gaze duration. These results align with
previous findings by Kliegl et al. [2004] regarding the influence of word length
and frequency on eye movement during reading.

The non-significant effect of word length on first pass fixations suggests
that initial fixations are not strongly influenced by the length of a given
word. This may imply that readers do not immediately adjust how long they
fixate a given word based on that word’s length, but rather initiate their first
fixation regardless of word size. However, word length significantly predicted
gaze duration, indicating that readers spend more total time on longer words
across multiple fixations. This supports Kliegl et al. [2004]’s observation
that longer words led to increased processing time, which was reflected in
the cumulative duration rather than the initial fixation. Additionally, the
observed negative relationship between word frequency and both first pass
fixations and gaze duration showed that more frequent words were overall
processed more quickly, reducing the time spent on both initial and total
fixations. This further aligns with Kliegl et al. [2004], where highly frequent,
thereby more predictable, words were skipped more often or processed faster,
indicating that frequency plays a key role in facilitating early lexical access
and reducing reading time.

These findings contribute to the larger objective of validating InteRead’s
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capability to capture fundamental linguistic mechanisms, making it a valu-
able tool for investigating reading behavior based on linguistic and gaze data.
Importantly, these results were observed across all pages, both with and with-
out interruptions, demonstrating that InteRead can be leveraged to further
study linguistic processes in both normal and interrupted reading contexts.

7.3.3. Individual Variability
The final analyses revealed significant individual differences in reading speed,
suggesting that the reading process may vary across individuals. This is con-
sistent with previous research on reading speed, indicating that slow readers
tend to have a smaller perceptual span compared to fast readers [Rayner
et al., 2010]. Slow readers may require more resources to process and com-
prehend the currently fixated word, which could limit the amount of infor-
mation they can simultaneously access to the right of the currently fixated
word, thereby slowing down their overall processing speed [Rayner et al.,
2010].

Additionally, our results showed substantial individual differences in re-
sumption lags within the dataset. In particular, certain participants required
significantly longer times to resume reading following an interruption com-
pared to the group mean, indicating different levels of resumption perfor-
mance. These differences could stem from individual cognitive factors, as
investigated in prior research across various tasks [Werner et al., 2011, Meys
and Sanderson, 2013, Bai et al., 2014, Drews and Musters, 2015, Foroughi
et al., 2016b, Kanaan and Moacdieh, 2021, Zermiani et al., 2024b]. For
instance, participants with lower vsWMC and prior knowledge may have
required significantly more time to filter irrelevant textual information and
reactivate mental representations upon resumption, resulting in extended re-
sumption times [Zermiani et al., 2024b].

7.3.4. Implications
Our results revealed substantial interruption effects on gaze behavior, indi-
cating that InteRead offers fine-grained temporal gaze data to further inves-
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tigate the specific challenges interruptions pose to reading and how readers
adapt to them. Such insights could inform the development of gaze-based
automatic resumption detection systems. For instance, these systems could
leverage the observed variations in eye movements following interruptions
to train computational models to identify resumption processes while read-
ing, based on the annotated resumption lags as ground truth. These models
could in turn be integrated in gaze-based AALT and reading applications
to implement resumption detection and guide learners to re-engage with the
text, through timely visual cues or metacognitive aids (see Cane et al. [2012],
D’Mello et al. [2012], Mariakakis et al. [2015], Jo et al. [2015], Hutt et al.
[2021], Srivastava et al. [2021]).

Additionally, these technologies could leverage the individual variability
observed in InteRead to dynamically adapt to readers’ differences in pro-
cessing speed and recovery time. Personalized support, such as customized
visual prompts or adaptive pacing, could align with each reader’s unique
needs, fostering improved reading outcomes and moving beyond one-size-
fits-all approaches [Mariakakis et al., 2015, Hutt et al., 2021].

Our findings also demonstrated InteRead’s capacity to enable detailed in-
vestigations of the interaction between linguistic features and eye movements
during reading. For example, the presence of word length and frequency
benchmark effects on gaze behavior confirms its quality as a resource for
future psycholinguistic research. Moreover, InteRead could enhance NLP
applications by integrating linguistic and gaze data into models for tasks like
reading comprehension and assessment prediction. For instance, incorporat-
ing gaze data from interrupted reading pages might increase the robustness of
models designed to handle interruption-prone contexts [Ganesh et al., 2023].

Fruthermore, considering the variety of extracted linguistic features, In-
teRead also supports comparative studies of linguistic processing during read-
ing of uninterrupted and interrupted pages, providing insights into how read-
ers cognitively adjust to text features after interruptions. These investiga-
tions could broaden our understanding of the interplay between attention,
text and comprehension, particularly in light of the open question on the
effects of interruptions on text comprehension [Chevet et al., 2022a].
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7.3.5. Limitations

From an ethical perspective, InteRead’s participant demographics only rep-
resents a specific subset of the global population. In addition, the reading
material used in this dataset focuses exclusively on an overrepresented lan-
guage, such as English, neglecting the strong effect that the specific language
we speak can have on cognition [Blasi et al., 2022]. Increasing the diversity of
ethnic, gender, language and cultural background representation will enhance
the generalizability and relevance of our findings for interrupted reading.

Moreover, our data’s generalizability should be considered within the con-
straint of a laboratory-based, controlled environment, which ensured high
internal validity by allowing precise measurement of interruptions’ effects
during a task involving reading and typing. However, this setting may limit
external validity, as participants were exposed to structured interruptions
rather than more unpredictable interruptions encountered in real-world sce-
narios. Besides, head movements during typing introduced some drift in the
raw gaze data. Despite these limitations, the induced interruptions provided
an ecologically valid approximation of real-world disruptions.

Another methodological limitation found in our analyses relates to the
highly skewed distribution of fixation durations, with a higher rate of zero-
count fixations observed in the data. Whereas excluding fixation durations
under 100 ms is a common approach [Hollenstein et al., 2020, 2022], prior
work explored alternative methods to handle zero-count fixations, includ-
ing zero-inflated models [Olkoniemi et al., 2023]. However, due to non-
convergence issues when testing such models (cf. Olkoniemi et al. [2023]),
we opted for standard exclusion practices. Addressing this issue remains an
area for further research to optimize gaze data analysis methods.

Finally, it is noteworthy to again mention that our analyses of resumption
lags relied on manual annotations, which may have introduced some degree of
subjective variability. Although these annotations provided a valid measure
of resumption lag during reading, they emphasize the need for automated re-
sumption detection techniques, such as reading fixation detection algorithms
[Sharmin et al., 2013, Jo et al., 2015], to enhance data reliability.
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7.3.6. Conclusion and Outlook

This chapter introduced InteRead, the first fully open-source eye tracking
dataset specifically designed to study interrupted reading. The reported anal-
yses aimed to validate the dataset’s scope and potential for cross-disciplinary
research by exploring its utility in investigating the effects of interruptions,
linguistic features, and individual variability on reading behavior. While
the findings supported InteRead’s scope and potential, they also emphasized
several directions for future research.

Future work could delve deeper into the impact of interruptions on gaze
behavior through more fine-grained analyses that compare eye movements in
specific areas of interest within the text. For instance, exploring differences
in eye movements directly linked to the previously read text right before
vs. novel text read right after an interruption could reveal more about how
readers visually processed and navigated the text, building on prior studies
[Cane et al., 2012, Cauchard et al., 2012, Chevet et al., 2022a].

Additionally, InteRead offers comprehensive linguistic features. Expand-
ing future investigations to include these features would allow for a more
detailed understanding of how linguistic properties, such as parts of speech
tags, syntactic dependencies, or word concreteness, may affect gaze behavior
during interrupted reading. For example, InteRead could be used to examine
whether specific elements, such as content words or abstract terms, are more
likely to be skipped, or if specific features of Victorian British English, like
complex syntax and archaic vocabulary, may be reflected in eye movements.

The dataset’s detailed gaze data and resumption lag annotations make it
particularly suited to further studying individual differences in interrupted
reading. Future work could examine how readers showing significant differ-
ences in reading and resumption time, compared to the group mean, might
display distinct gaze behaviors or interactions with linguistic features. Build-
ing on studies like Rayner et al. [2010], researchers could investigate whether
faster and slower readers exhibited different gaze patterns when returning
to the text after an interruption, or whether participants who experienced
longer resumption lags showed specific gaze behaviors during recovery phases.
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Moreover, linking these participants’ answers on the reading comprehension
questionnaire to specific areas of interest or words in the text could deepen
our understanding on the interplay of attention, linguistic elements and com-
prehension.

While InteRead lays the groundwork for eye tracking datasets on inter-
rupted reading research, its scope could be enriched by including datasets
in additional languages, especially underrepresented ones. Applying similar
methodologies across languages would broaden the dataset’s reach and allow
for cross-linguistic comparisons, toward the creation of a corpus for the study
of interrupted reading through eye tracking.

In conclusion, InteRead enables investigations into how interruptions in-
fluence eye movements, how linguistic complexity shapes gaze behavior, and
how individual traits may affect reading and resumption processes. These
insights hold meaningful promise for bridging the gaps across disciplines and
advancing adaptive gaze-based educational technologies and reading tools,
particularly those aimed at accommodating diverse reading behaviors.

113





8. Conclusion

Attention is a cornerstone of effective learning, especially in rapidly chang-
ing educational environments, where multitasking has been taking over sus-
tained focus. Being a foundational skill for the entire educational process,
understanding attention dynamics during reading and how to counteract the
effects of interruptions and distractions is highly relevant to enhance knowl-
edge acquisition and learning outcomes. As digital technologies increasingly
dominate educational contexts, the challenges of maintaining focus among
frequent interruptions have been receiving a growing research interest. In
this regard, special efforts are being made to develop educational technologies
capable of mitigating the disruptive effects of interruptions during learning,
particularly by leveraging eye tracking data to track learners’ attention and
intervene to redirect the focus on the learning material in case of distraction.
These advancements have the potential to foster the learning experience and
equip students with the skills needed to thrive in a digitally-driven education.

However, there has been a lack of research on what influencing factors are
at play in the process of resumption during reading, leading to a scarcity
of related data. While previous research has focused on the properties of
interruptions, the factors that influence learners’ efficiency in managing in-
terruptions remain largely unexplored. This gap poses a critical limitation for
further development of current gaze-based AALT and reading applications,
which mostly adopt one-size-fits-all designs, thereby placing less emphasis
on learners’ individual differences and task-specific elements. To bridge this
existing gap, this thesis aimed to tackle the question of what factors can
influence resumption time following interruptions during reading, hence pro-
viding the scientific community with additional data to advance research on
interrupted reading. The thesis particularly focused on narrative texts as
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reading material, given their established yet under-explored potential to en-
gage readers through their structure and linguistic features [Stein and Glenn,
1979, Graesser and Clark, 1985, Emmott et al., 2006, Kukkonen, 2020, Mar
et al., 2021, Kukkonen and Baumbach, 2022].

A key result from Chapter 5 consisted in the significant interaction be-
tween vsWMC and prior knowledge as predictor of resumption lags after
interruptions while reading a detective story. This offers a novel insight into
what individual differences in cognitive factors can have an impact on the
time required to resume reading a text. Specifically, the related study was
the first to assess vsWMC and prior knowledge respectively through a psy-
chometric test and a customized questionnaire, in the context of interrupted
narrative reading. Another key finding from Chapter 6 related to how the
style of a narrative text, in particular enactive-style descriptions prompting
enactment-imagery, could significantly reduce fixation durations during the
resumption process. This insight from Chapter 6 provides an additional novel
contribution to the field, by comparing for the first time two narrative texts
during interrupted reading, addressing the gap of what text-specific features
may influence resumption process, with a focus on mental imagery. Addi-
tionally, the InteRead dataset, introduced in Chapter 7, offered a final key
contribution, with validation analyses showing substantial effects of interrup-
tions, linguistic features, and individual variability on gaze and reading be-
havior. This dataset aimed to tackle the existing need for experimental data
specifically designed to study resumption mechanisms and related individual
differences during reading. Although previous studies already investigated
this phenomenon, InteRead is the first fully open-source dataset to include
gaze and linguistic features, along with resumption lag annotations, from a
long real-word narrative text containing interruptions, thereby opening up
new opportunities for cross-disciplinary research.

8.1. Broader Impact
The key findings presented in this thesis have practical implications for teach-
ers aiming to support students in managing interruptions during reading,
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particularly in digital learning environments filled with distractions. First,
the interaction between vsWMC and prior knowledge emphasizes the impor-
tance of recognizing individual cognitive differences among students. Teach-
ers could benefit from tailoring reading activities and trainings students’
assessment on these factors. For instance, teachers may implement visu-
alization strategies, which have been shown to also improve reading com-
prehension [De Koning and van der Schoot, 2013], or incorporate more vi-
sualizations in reading materials for students with lower vsWMC. Besides,
providing context-building exercises might be beneficial for students with lim-
ited prior knowledge on the learning material. Another key finding was that
enactive-style descriptions, which prompted enactment-imagery, could reduce
fixation durations during resumption. This highlights the potential of using
action-oriented styles in learning material to facilitate cognitive processing
and smoother transitions after interruptions. Teachers might incorporate
such features into their materials, especially in environments where interrup-
tions are frequent, to maintain engagement and focus. This result further
underscores how supporting students in building non-linguistic representa-
tions of text might promote text comprehension, hence learning outcomes
(cf. De Koning and van der Schoot [2013] for a collection of visualization
strategies). Lastly, the development of the InteRead dataset emphasizes the
importance of fostering collaboration and dialogue between researchers and
educators. By translating insights from eye tracking data into actionable and
concrete strategies, researchers can promote a mutual exchange of knowledge,
helping educators better understand how reading behaviors relate to student
needs. This dialogue can further inform the joint development of materi-
als, tools, and strategies that support students more effectively, ultimately
enhancing learning outcomes in real-world educational settings.

These insights have also meaningful implications for advancing research
and development of gaze-based AALT. The interaction between vsWMC
and prior knowledge as predictor of resumption lags underscores the crucial
need for adaptive learning technologies to integrate learners’ individual dif-
ferences in their design, avoiding one-size-fits-all approaches. AALT could
better support learners in handling interruptions by tailoring interventions
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based on students’ vsWMC and domain-specific knowledge. For instance,
visually highlighting the last fixated word before an interruption, integrat-
ing visuo-spatial information in the forms of visualizations in the text, or
offering previews and reviews upon resumption might support only students
with lower vsWMC and prior knowledge. As prior research efforts already
led to the design of similar solutions for different reading technologies and
applications [Cane et al., 2012, Jo et al., 2015, Mariakakis et al., 2015, Hutt
et al., 2021, Srivastava et al., 2021], insights from this thesis could help re-
searchers to extend prior solutions into more adaptive and comprehensive sys-
tems. Similarly, the observed impact of narrative styles on reducing fixation
durations during resumption have implications for leveraging text-specific
features to enhance cognitive processing in interrupted reading scenarios.
Gaze-based AALT could be designed to dynamically adapt not only to in-
dividual differences, but also to the inherent characteristics of the learning
material, shaping texts that are both engaging and easier to comprehend.
Most importantly, the open-access InteRead dataset provides a foundation
for interdisciplinary research on the interplay of interruptions, linguistic fea-
tures, and individual variability in reading behavior. By integrating gaze
and linguistic data related to the resumption process into the development
pipeline, gaze-based AALT can evolve into more personalized and context-
aware tools, improving their ability to foster resilience to distractions and
support diverse learning needs.

8.2. Limitations
Despite the outlined contributions, this thesis also presents several limita-
tions to be acknowledged. Firstly, the recruitment criteria excluded individ-
uals with attention and reading difficulties, and limited the sample to native
speakers or those with high language proficiency. While these restrictions
ensured a homogeneous group for controlled experimentation, they limit the
generalizability of the findings to populations with diverse cognitive or lin-
guistic backgrounds.

Second, the choice of texts was restricted to narrative materials. While

118



8.3. Future Directions

narratives were selected due to their potential to reveal insights into atten-
tional mechanisms and their limited investigation in educational research,
this choice may limit the applicability of findings to other text types, such as
expository or instructional texts, which require different cognitive skill sets.

A further limitation concerns the absence of a standardized assessment of
reading comprehension. While this choice was made to specifically focus on
resumption processes, the lack of a robust comprehension measure poses a
challenge in generalizing the findings to potential learning outcomes. Lastly,
the scope of investigated influencing factors was relatively narrow, encom-
passing only a small subset of reader-related and text-related factors. This
focused approach was necessary to maintain control in the experimental de-
sign but leaves room for expanding the scope in future studies to include a
wider range of individual differences and text features.

8.3. Future Directions
Building on the discussed limitations, numerous avenues for future research
emerge from this thesis, which would enhance the generalizability, applica-
bility, and depth of understanding in the study of interrupted reading and its
implications for learning technologies and educational practices. Firstly, ex-
panding the participant pool to include neurodivergent populations, such as
individuals challenged by maintaining their attentional focus and processing
textual stimuli, would offer critical insights into how neurodevelopmental con-
ditions beyond the cognitive majority influence resumption processes. This
could not only improve theoretical understanding but also inform the design
of supportive strategies or tools tailored to enhance interruption resilience
for neurodivergent groups. For instance, it might be beneficial to explore the
effect of the interaction between vsWMC and prior knowledge on resump-
tion in relation to attention disorders, particularly in light of recent findings
linking individual variability in executive function to learning performance
during distracting multimedia lessons [Lawson and Mayer, 2024]. Similarly,
a deeper examination of the linguistic features of enactive and descriptive
texts could be conducted, focusing on their effects on populations with read-
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ing difficulties to assess whether their experience and processing of such texts
differ. Furthermore, the participant pool could also be expanded to include
speakers of different languages or individuals with varying proficiency levels
in the same language. This would enable researchers to explore how linguistic
and cognitive factors related to a specific language may influence interrupted
reading behavior, given how language can shape our cognitive systems [Majid
et al., 2004]. For instance, comparing native and non-native speakers of a
language could reveal differences in how linguistic complexity and familiarity
may affect the resumption process.

Second, future research could replicate and extend these studies using ex-
pository texts, which are central to educational settings. Comparing different
types of expository texts through the combined lenses of psycholinguistics
and educational science could help identify textual features that promote
resilience to interruptions. For narrative texts, exploring a wider array of
genres or works from different historical periods could uncover how differ-
ent variables associated with the narrative reading experience interact with
resumption processes. Such studies, although complex in design [Wolfe and
Woodwyk, 2010], could pinpoint specific textual triggers that either facili-
tate or hinder resumption, as already outlined in prior research with regard
to mind wandering and linguistic attractors and distractors [Kukkonen and
Baumbach, 2022].

A third direction involves integrating robust reading comprehension mea-
sures into studies of interrupted reading. Previous research leveraging eye
tracking data to model reading comprehension have either used assessments
from established inventories [Mézière et al., 2023], or custom-designed tests
[Southwell et al., 2023]. In the context of interrupted reading instead, custom-
designed tests are more common, often encompassing several text compre-
hension and recognition questions [Glanzer et al., 1984, Oulasvirta and Saar-
iluoma, 2006, Cane et al., 2012, Foroughi et al., 2015, Chevet et al., 2022a].
Both methods present limitations. Established tests often require the use
of their specific materials, whereas long comprehension tests might extend
experimental times, increasing participant fatigue and introducing additional
confounding variables. In light of the conflicting results regarding the im-
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pact of interruptions on reading comprehension (see Chevet et al. [2022a] for
an overview), future research could aim to find a trade-off by incorporating
both text comprehension and recognition questions while carefully managing
experimental length to avoid fatigue effects.

As direct extensions of the presented findings, additional individual cog-
nitive factors could be included in future analyses of reading resumption,
such as reading habits, genre preferences, and reading proficiency. Moreover,
an in-depth investigation into the factors associated with significant differ-
ences between enactive and descriptive texts–such as suspense, emotional
and cognitive engagement, reading pleasure, ease of cognitive access, atmo-
sphere, and empathy–could shed light on whether the experiences evoked by
these factors aid the resumption process. Finally, constructing and sharing
new emerging datasets including additional languages could contribute to a
robust and comprehensive corpus of interrupted reading, facilitating cross-
linguistic comparisons and interdisciplinary research.

In summary, this thesis highlights how interruptions in reading reflect
the intricate interplay of reader-related cognitive factors and text-specific
factors, offering insights into how these aspects can potentially guide and
support resumption. The reported findings are especially relevant in light
of the observed shift from a deeper attention toward rapid attentional shifts
among multiple tasks, also referred to as hyper attention by Hayles [2007]. As
she concluded: “Whether inclined toward deep or hyper attention, toward one
side or another of the generational divide separating print from digital culture,
we cannot afford to ignore the frustrating, zesty, and intriguing ways in which
the two cognitive modes interact.” (Hayles [2007]: 197–198). Over 15 years
later, this thesis underscores the need for further research on the process of
resumption during reading, to inform adaptive technologies that can better
accommodate the evolving ways we engage with text, in the interruption-
prone digital age.
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Interrupting Task: Opinion Questions
This section provides the 16 opinion questions used as interrupting task, in
the study presented in Chapter 6, with eight interruptions per text. Within
the descriptive text, interruptions were placed on page 3, 5, 6, 8, 9, 15, 16,
17. Within the enactive text, interruptions were placed on page: 1, 2, 3, 5,
8, 9, 15, 16. English translations of the questions are included in brackets.

Descriptive Text

1. Sind Sie der Meinung, dass die Regierungen den Einsatz von kün-
stlicher Intelligenz regulieren sollten? Warum oder warum nicht? (Do
you think governments should regulate the use of artificial intelligence?
Why or why not?)

2. Was denken Sie über die zunehmende Automatisierung von Arbeit-
splätzen und deren mögliche Auswirkung auf die Arbeitslosigkeit? (How
do you feel about the increasing automation of jobs and its potential
impact on unemployment?)

3. Wie denken Sie über die Darstellung von Diversität in der Medien- und
Unterhaltungsindustrie? (What are your thoughts on the representa-
tion of diversity in the media and entertainment industry?)

4. Welches sind Ihrer Meinung nach die dringlichsten Probleme, mit de-
nen das Bildungswesen heutzutage konfrontiert ist? (In your opinion,
what are the most pressing issues facing education today?)
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5. Wie würden Sie das Problem der Stigmatisierung der psychischen Gesund-
heit in der Gesellschaft angehen? (How would you address the chal-
lenges of mental health stigma in society?)

6. Befürworten Sie die Idee von Pflichtimpfungen oder lehnen Sie diese
ab? Warum? (Do you support or oppose the idea of mandatory vacci-
nations? Why?)

7. Welche Maßnahmen würden Sie vorschlagen, um Gleichstellung und
Inklusion am Arbeitsplatz zu fördern? (What measures would you
propose to promote equality and inclusivity in the workplace?)

8. Wie sollte die Gesellschaft Ihrer Meinung nach die Rechte einer Person
auf Privatsphäre mit der Notwendigkeit einer verstärkten Überwachung
zur Gewährleistung der öffentlichen Sicherheit in Einklang bringen?
(How do you think society should balance individual privacy rights
with the need for enhanced surveillance to ensure public safety?)

Enactive Text

1. Wie würden Sie mit einer Situation umgehen, in der Sie Zeuge oder
Zeugin davon werden, wie jemand in der Öffentlichkeit misshandelt
wird? (How would you handle a situation where you witness someone
being mistreated in public?)

2. Was denken Sie über die Rolle der sozialen Medien zur Bildung der
öffentlichen Meinung? (What are your thoughts on the role of social
media in shaping public opinion?)

3. Wie würden Sie am Arbeitsplatz mit einem/einer Mitarbeitenden umge-
hen, der/die ständig die Anerkennung für Ihre Ideen an sich reißt? (In
a workplace, how would you address a colleague who consistently takes
credit for your ideas?)

4. Vertreten Sie das Konzept eines allgemeinen Grundeinkommens? Warum
oder warum nicht? (Do you believe in the concept of a universal basic
income? Why or why not?)
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5. Wie denken Sie über die Auswirkungen der Technologie auf die Pri-
vatsphäre im digitalen Zeitalter? (How do you feel about the impact
of technology on privacy in the digital age?)

6. Welche Maßnahmen sollten Ihrer Meinung nach ergriffen werden, um
den Klimawandel auf globaler Ebene zu bekämpfen? (What measures
do you think should be taken to address climate change on a global
scale?)

7. Wie würden Sie ein Gespräch mit einer Person angehen, die ganz an-
dere politische Ansichten vertritt als Sie? (How would you approach
a conversation with someone who holds drastically different political
views than you?)

8. Welche Rolle spielt Ihrer Meinung nach Einfühlungsvermögen für eine
effektive Führung? (What role do you think empathy plays in effective
leadership?)
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