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Introduction
“Even the patterns of learners’ strategy use, be those strategies deep, surface,
motivated, self-regulatory, cognitive, or metacognitive in nature, cannot be nested solely within any academic period. Whether learners delve deeply and critically
is reflective of the knowledge and interests they bring with them.” (Alexander,
2017)
A first conceptual direction is to further investigate the nature of cognitive strategies in specific contexts of learning and more specifically to clear out the variability of cognitive strategies on specific task level versus more domain and general level (see also Lonka, Olkinuora, and Mäkinen (2004)).” (Vermunt & Donche,
2017)
Many educational researchers agree that the main aims of educational research are
understanding and enhancing the quality of learning and processing (Dinsmore, 2017;
Gijbels, Donche, Richardson, & Vermunt, 2014; Kendeou & Trevors, 2012). Expository
texts are an important medium through which higher education students acquire
knowledge and understanding (Fox, 2009; Gillam, Fargo, & Roberston, 2009; Kendeou &
Trevors, 2012). Expository texts are used to explain or describe the learning content to
the readers. The goal of an expository text is to present the reader with information so
that the reader may learn something. This is in sharp contrast to story-telling or narrative texts that are meant to entertain the reader (Fox, 2009). Learning from an expository text is one of the most essential skills in higher education (Ariasi, Hyönä, Kaakinen,
& Mason, 2017; Kirby, Cain, & White, 2012; McNamara, 2012; O'Brien, Cook, & Lorch,
2015). Therefore, considerable efforts have been made in educational research to better understand the learning process associated with learning from an expository text
(Fox, 2009; Pressley & Afflerbach, 1995). During reading, students interact with the text,
actually constructing their own mental representation of the text (Kendeou & Trevors,
2012; Kintsch, 1998). However, how this mental representation is constructed depends
on important student characteristics that affect the quality of reading and learning,
such as students’ levels of processing (Alexander & Jetton, 1996; Fox, 2009; Kendeou &
Trevors, 2012).
Levels of processing refer to cognitive activities that students engage in when studying,
and these processing activities are important for the development of knowledge and
understanding (Vermunt & Donche, 2017; Vermunt & Vermetten, 2004). Early work in
the Students Approaches to Learning (SAL) tradition examined differences in deep levels
of processing, such as elaborating on the content, and surface levels of processing, such
as rereading, when reading and recalling expository texts in experimental situations
(Marton & Säljö, 1976). The distinction between deep and surface levels of processing
has been influential in the later development of self-report questionnaires aimed at
quantifying individual differences in students’ levels of processing (Biggs, 1987, 1993;
Entwistle & Waterston, 1988). Since the original quasi-experimental work, and with the
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development of self-report questionnaires, three main gaps have been identified in
empirical research on students’ levels of processing (Dinsmore & Alexander, 2012): (1)
an overreliance on self-report measures, (2) the learning context/task being often neglected, and (3) a main focus on mono-method research. We discuss each of these gaps
below, and question why these are limiting our view of students’ levels of processing.
Research on deep and surface levels of processing in higher education has mostly focused on the use of self-report measures (Dinsmore & Alexander, 2012; Fryer, 2017;
Vermunt & Donche, 2017). In early work on students’ levels of processing during learning from texts, interviews were used (Marton & Säljö, 1976) and, later on, concurrent
think-aloud protocols (Fox, 2009; Pressley & Afflerbach, 1995). In addition, self-report
questionnaires were used to gain insight into students’ general disposition towards
levels of processing (Biggs, 1987, 1993; Entwistle & Waterston, 1988). The overreliance
on self-report measures may cloud our view with regard to differences in levels of processing, because we expect students to be able to accurately report on their processing
activities (Schellings, 2011; Schellings & van Hout-Wolters, 2011; Veenman, 2011). Several issues arise with the use of self-report measures. A first issue is that, in order to
report on their processing activities, students need to be aware of how they process
learning content and as a consequence they cannot report on unconscious processing
activities (Dimoka et al., 2012; Dinsmore & Alexander, 2012). Secondly, there is the risk
of memory distortions due to the time lag between the verbal reports and the actual
processing (Richardson, 2004, 2013; Veenman, 2005, 2011). This memory distortion
may give rise to what is known as the knowledge bias, in which students lack the
knowledge to report on their levels of processing. A third issue specifically related to the
use of self-report questionnaires is that of rating bias, in which students cannot provide
a good estimate of their use of levels of processing on a Likert scale. Fourthly, students
are able to consciously manipulate their reports. This is also referred to as social desirability bias, in which students report on their levels of processing in a manner that will be
viewed as the better way by others.
Although early empirical work focused on examining students’ levels of processing in
relation to learning from texts (Marton & Säljö, 1976), there has been a shift from
measuring at a task-specific level to measuring students’ general disposition towards
levels of processing (Dinsmore & Alexander, 2012; Fryer, 2017; Vermunt & Donche,
2017). A second issue is that by measuring levels of processing at a general level, we do
not take into account the specific learning task with regard to which processing activities
occur (Alexander, Schallert, & Reynolds, 2009; Dinsmore & Alexander, 2012; Vermunt &
Donche, 2017). Researchers agree on the variability of levels of processing over learning
tasks, but most empirical research is conducted at this general level, thus ignoring this
variability at the task level (Fryer, 2017; Vermunt & Donche, 2017). In addition, empirical research at the general level also explains differences in levels of processing due to
different personal and contextual factors (Vermunt, 2005; Vermunt & Donche, 2017).
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Important personal factors that explain differences in levels of processing are emotions,
interest, motivation, personality, previous education, and prior knowledge. Examples of
contextual factors that affect the quality of processing are the assessment demands,
the subject, the content, the learning task and the academic discipline (Alexander,
1997; Baeten, Kyndt, Struyven, & Dochy, 2010; Vermunt, 2005; Vermunt & Donche,
2017). Up to now, these relationships have mostly been examined at this general level.
However, these characteristics also vary over different learning tasks and learning contents, and currently we lack insight into how the interplay between levels of processing
and personal and contextual characteristics manifest itself at the task level (Alexander,
2017).
A last issue within empirical research into deep and surface levels of processing is the
main focus on mono-method research. Often a single measurement method is used to
assess students’ levels of processing. Levels of processing are complex and multidimensional in nature (Alexander, 2017) and therefore it is hard to capture all aspects of students’ levels of processing with one single method or research instrument. Therefore,
researchers have started to adopt multi-method designs in order to assess students’
levels of processing, but mostly by combining different self-report measures (Dinsmore
& Alexander, 2016; Dinsmore & Zoellner, 2017; Veenman, 2005; Veenman, Prins, &
Verheij, 2003). Still, the issues with the use of self-report measures as discussed with
regard to the first gap, are present in these multi-method designs.
The aim of this dissertation is to obtain a more comprehensive understanding of students’ levels of processing when learning from expository texts by combining different
measures that go beyond self-report measures in multi-method designs. Gaining a more
comprehensive understanding of students’ levels of processing is crucial for further
theory building on the one hand (Gijbels et al., 2014; Vermunt & Donche, 2017) and for
providing students with adequate feedback on their learning, and for setting up interventions, on the other.
In the next section, we will elaborate on different models of students’ levels of processing in in order to provide more information on how the shift in measuring at the
task level to measuring at the general level has impacted on the conceptualization of
levels of processing. In addition, we will provide an overview of different measurements
at the different levels, and how these have been applied in empirical research on students’ levels of processing. Together with the gaps identified above, this will help us to
shape the central questions for this dissertation.
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Theoretical models of students’ levels of processing
Within educational research, many theoretical frameworks exist with regard to students' levels of processing in higher education. The levels-of-processing theory of Craik
and Lockhart (1972) and that of Marton and Säljö (1976) are based on experimental
research in which levels of processing are examined during specific learning tasks. The
Students Approaches to Learning tradition (SAL) (Richardson, 2015) and the Learning
Pattern Model (Vermunt & Donche, 2017) are built on the earlier work of Marton and
Säljö (1976) and are framed at a more general level. We give a short introduction on
task-specific and general models below. For a more detailed overview of these theoretical frameworks, we refer the interested reader to the excellent reviews by Richardson
(2015) and Dinsmore (2017).

Models at the task level
The early work of Craik and Lockhart (1972) described differences between deep and
surface levels of processing. In this framework, deep and surface processing refer to
qualitative differences in encoding information into memory (Craik & Lockhart, 1972;
Dinsmore, 2017; Lockhart & Craik, 1990). How well something is remembered, strongly
relates to the processing activities while learning. The key assumption is that the use of
deeper levels of processing leads to better retention than do surface levels of processing. Surface processing refers to focusing on the orthographic or phonological representation, while deep processing refers to encoding the semantic representation
(Craik & Lockhart, 1972; Richardson, 2015). Encoding the orthographic representation
refers to focusing on the visual appearance of the learning stimulus, encoding the phonological representation alludes to learning the sound of the learning stimulus, and
encoding the semantic representation refers to processing the meaning of the learning
stimulus (Craik & Lockhart, 1972; Richardson, 2015). This framework was mostly used in
these works to examine the levels of processing at the word level, but the authors argue
that the framework fits all kinds of learning material (Craik & Lockhart, 1972; Lockhart &
Craik, 1990). Empirical research has mostly examined the effects of deep and surface
levels of processing on the recall of the learning stimulus, and thus on the level of the
learning outcome (Richardson, 2015).
Marton and Säljö (1976) were inspired by the work of Craik and Lockhart (1972) and
examined the effects of deep and surface levels of processing during learning from
expository texts on both the learning process and the learning outcome. They used
retrospective interviews to gain more insight into the learning process. They defined
deep level processing as ‘having what is signified (what the discourse is about) as the
object of focal attention’ and surface processing as ‘having the sign (the discourse itself
or the recall of it) as the object of focal attention’. They showed that deeper levels of
processing lead to better learning outcomes. Both frameworks thus show that deeper
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levels of processing are beneficial for learning. The framework of Craik and Lockhart
(1972) investigated this effect at a more fine-grained level (i.e., the word level) than did
the framework of Marton and Säljö (1976) (i.e., the text level).

Models at the general level
The SAL model (Biggs, 1987; Richardson, 2015) is further built on the seminal study of
Marton and Säljö (1976). Inspired by this line of experimental research on levels of
processing, a repertoire of self-report questionnaires was developed to quantify individual differences in students’ approaches to learning (Biggs, 1987; Entwistle &
Waterston, 1988). An approach to learning is defined as the way students usually go
about studying (Richardson, 2015). Research now generally differentiates between a
surface and deep approach to learning (Asikainen & Gijbels, 2017; Biggs, 1987; Entwistle
& Waterston, 1988; Richardson, 2015). The deep approach to learning refers to students’ intentions to understand and to engage in meaningful learning, focusing on the
main themes and making use of activities that are suitable for creating meaning and
understanding. The surface approach to learning is associated with selectively memorizing the learning content, based on intentions that are extrinsic to the real purpose of
the task (Asikainen & Gijbels, 2017; Vanthournout, Donche, Gijbels, & Van Petegem,
2014).
In the Learning Pattern Model (Vermunt & Donche, 2017), four components of learning
are discerned, namely cognitive processing strategies, metacognitive regulation strategies, conceptions of learning, and learning motivations or orientations. Cognitive processing strategies refer to learning activities that students apply in order to process
subject matter. Regulation strategies are used to steer, plan, monitor and evaluate
students’ cognitive processing strategies. In this model, learning strategies refer to the
combination of cognitive processing strategies and regulation strategies. Conceptions of
learning are the views and beliefs of students about learning. Learning motivations are
associated with the motives and worries of students in relation to their studies
(Vermunt & Donche, 2017). With regard to cognitive processing strategies, a distinction
is made between deep and surface levels of processing. Deep processing refers to learning activities such as relating and structuring, and critical processing, while surface processing refers to analysing and memorizing the learning content (Vermunt & Donche,
2017; Vermunt & Vermetten, 2004). Cognitive processing strategies are related to metacognitive regulation strategies, conceptions of learning, learning motivations and other
important personal and contextual characteristics (Vermunt, 2005; Vermunt & Donche,
2017). The learning pattern model explicitly emphasizes the importance of other variables in relation to students’ levels of processing (Vermunt & Donche, 2017). The SAL
model does not include components that go beyond cognitive processing. However,
empirical research already showed evidence of the link between levels of processing
and personal and contextual characteristics (Baeten et al., 2010).
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Measuring levels of processing
In accordance with the level at which the theoretical models are framed, a distinction
can be made between measurement methods at the task-specific and general level.
Measuring methods can be aimed at measuring learning in general, without referring to
an explicit learning task (Schellings, 2011). These instruments assess the general disposition towards processing strategies (Richardson, 2004). Task-specific measuring methods aim at measuring learning during or after a specific learning task (Table 1). In addition, a distinction is made between online and offline measures. Learning is an ongoing
process, and levels of processing can be assessed during the course of this process (i.e.,
online) or before or after this process (i.e., offline) (Schellings, 2011; Veenman, 2005).
The concurrent think-aloud method, eye movement registration, observations, trace
analysis and brain imaging methods are online instruments. Self-report questionnaires,
oral interviews, cued retrospective think-alouds, and logs are examples of offline instruments (Table 1) (Endedijk, Brekelmans, Sleegers, & Vermunt, 2016; Schellings,
2011). General measures are always offline, while task-specific measures can be both
online and offline.

Table 1 Overview of online and offline measures of learning processes
Online

Offline

General level

/

Self-report questionnaires
Oral interviews

Task level

Concurrent think-aloud
Eye movement registration
Observations
Trace analysis
Brain imaging methods

Self-report questionnaires
Oral interviews
Cued retrospective think-aloud
Logs and portfolios

The online measuring methods can be further divided into online methods that can
capture either conscious or unconscious processing activities. Think-aloud methods and
observations only capture conscious processing activities that are observable or verbalized by students. Eye movement registrations, trace analysis and brain imaging methods
can also capture unconscious processing activities that a student would not be able to
report on. In addition, subjects cannot consciously manipulate their responses (Dimoka
et al., 2012). These online measures also differ in terms of their levels of precision. Eye
movement registration and brain imaging methods can record micro-processes of learning, while think-aloud methods and observations measure processes at a less finegrained level.
The think-aloud method has mostly been used to map differences in levels of processing when learning from text (Fox, 2009; Pressley & Afflerbach, 1995). In addition,
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eye movement registration has a rich tradition in examining the reading process of
students at both the word and text level (Hyönä, Lorch, & Rinck, 2003; Jarodzka &
Brand-Gruwel, 2017; Rayner, 2009). Eye movement registrations provide a more detailed insight into the reading and learning process (Hyönä et al., 2003). According to
Hyönä and Lorch (2004), eye movement registration is an excellent method for investigating text processing in comparison with other online measures, because eye tracking
collects several indices of processing simultaneously, and does not disrupt students’
processing. However, eye tracking data still needs to be interpreted, and to reduce the
amount of inferences required by the researcher, eye tracking data should be combined
with other types of measure, such as verbal reports (van Gog & Jarodzka, 2013). This is
also the case with regard to trace analysis and brain imaging methods. These methods
have not previously been used in order to examine students’ levels of processing, but
could provide more insight into unconscious processing activities as well, and into micro-processes of reading and learning. Recently, there has been a plea to use these
online measures in order to tap directly into the learning process in order to examine
students’ levels of processing (Richardson, 2013; Vermunt & Donche, 2017).
When further exploring online measures that capture the real-time learning process at
the task level, multi-method designs are a necessary step in order to further interpret
data (van Gog & Jarodzka, 2013; Veenman, 2005). In multi-method designs a distinction
is made between within-method designs, within-time designs, and across-method-andtime designs (Veenman, 2005). In within-method designs the same method is used at
the same level, for example a comparison of two different self-report questionnaires on
students’ levels of processing. In within-time designs, different methods are used but at
the same level, for instance a concurrent think-aloud method is used together with eye
movement registration. In across-method-and-time designs, different methods are used
at different levels, for example a comparison of self-report questionnaires at a general
level, and eye movement registration at a task-specific level. The overall goal of measuring the same concept with different research methods is to look for convergent or divergent validity (Cohen, Manion, & Morrison, 2011; Schellings, 2011; Schellings & van
Hout-Wolters, 2011; Veenman, 2005). Convergent validity is demonstrated when the
results of two different research instruments are shown to be related to each other. By
contrast, divergent validity is shown when two measures are not related to each other
(Cohen et al., 2011).

Contributions of this dissertation
The research described in this dissertation aims to obtain a more comprehensive insight
into students’ levels of processing when learning from expository texts by applying
multi-method designs. In addition, we aim to go beyond self-report measures and ex-
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plore online measures that both capture conscious and unconscious processing activities and provide insight into the micro-processes associated with learning. More specifically, we explore eye movement registration and functional magnetic resonance imaging (fMRI) as online measurement methods with regard to students’ levels of processing. Gaining a more comprehensive understanding of students’ levels of processing
is crucial for further theory building, and for providing students with adequate feedback
on their learning. Three research questions are central and are discussed below. This
dissertation encompasses four studies, and they will be discussed in relation to the
central research questions.

How are differences in levels of processing reflected in eye movements?
There is already an extensive research base on eye movement registration and reading,
both in terms of words and single sentences (Rayner, 2009) and longer texts (Jarodzka
& Brand-Gruwel, 2017). We build further on this solid base by examining individual
differences in eye movements related to students’ levels of processing while reading
and learning from longer expository texts. In addition, we combine eye movements with
verbal reports. In Figure 1, we offer an overview of the different measurement methods
that are combined in each study. In all the studies, we have adopted across-methodand-time multi-method designs.

Figure 1. Schematic overview of the eye movement studies
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Introduction
Study 1: Mapping processing strategies in learning from expository text: An exploratory
eye tracking study followed by a retrospective think-aloud
In the first study, we used eye movement registration to obtain a more detailed insight
in how we can observe differences in levels of processing in students’ eye movements.
In order to do so, we steered students’ levels of processing by giving them guiding questions before they learned from the expository text. In addition, we conducted a cued
retrospective think-aloud afterwards, in order to obtain more information on how they
processed the text. The aim is to obtain more insight into how eye movements reflect
differences in deep and surface levels of processing.
Study 2: How are processing strategies reflected in the eyes? Combining self-reports and
eye tracking
Building on the first study, we then used eye movement registration to obtain more
insight into students’ natural use of deep and surface levels of processing. Instead of
steering their levels of processing, we used self-report questionnaires to map students’
general disposition towards levels of processing, and investigated how differences in
their general disposition towards levels of processing are reflected in eye movements.

How is the intersection between levels of processing and motivational
characteristics reflected in eye movements?
Up to now, empirical research that examines the multidimensional nature of the online
learning process remains scarce (Alexander, 2017). More specifically, the relationship
between students’ levels of processing and other learner characteristics has not been
examined during the learning process with the use of online measures. Therefore, this
dissertation examines how the intersection between students’ levels of processing and
personal characteristics is reflected in their eye movements.
Study 3: It is not only about the depth of processing: What if eye am not interested in the
text?
Building on the first and second study, we now looked at the intersection between
personal characteristics and students’ levels of processing when learning from text. The
aim of this study is to gain insight into the important mediator variables on students’
levels of processing during the ongoing learning process. The third study encompasses
all the measurement methods used in the first and second studies, namely self-report
questionnaires, eye movement registration and cued retrospective think-alouds in order
to gain an in-depth insight into students’ levels of processing.

How can fMRI be used in order to examine levels of processing?
Among the online measures that capture both conscious and unconscious processing
activities, during the last few decades, educational researchers have started to explore
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the biological or neural bases of students’ levels of processing using brain imaging
methods. With regard to such methods, there has been an explosion in fMRI research
st
since the beginning of the 21 Century (Huettel, Song, & McCarthy, 2014). Up to now, it
is not yet clear which educational theories or models have been examined in the field of
fMRI. Therefore, we aim to obtain an overview of which theoretical models relating to
deep and surface levels of processing have been used within this new line of research,
and how fMRI can be used to examine students’ levels of processing.
Study 4: A systematic review of the conceptualization and operationalization of students’
levels of processing in fMRI studies
We systematically reviewed how students’ levels of processing have been conceptualized and operationalized in the relatively young field of fMRI research. A first aim is to
get an overview of which theoretical models relating to deep and surface levels of processing have been used within this new line of research. A second aim of this review is
to obtain an overview of the learning tasks that are used within fMRI research. We discuss the state-of-the-art situation of fMRI research on levels of processing, and possible
paths forward.
The four studies are described in separate chapters. The final chapter of this dissertation summarizes the main outcomes of the different studies. In addition, we discuss
challenges and future directions for research into students’ levels of processing, and the
1
implications for research and educational practice .

1

This dissertation is a collection of related articles. Each chapter is written to be read on its own, and therefore overlap between chapters is inevitable.
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Mapping processing strategies in
learning from expository text:
An exploratory eye tracking study
followed by a retrospective thinkaloud

This chapter is based on:
Catrysse, L., Gijbels, D., Donche, V., De Maeyer, S., Van den Bossche,
P., & Gommers, L. (2016). Mapping processing strategies in learning
from expository text: an exploratory eye tracking study followed by a
cued recall. Frontline Learning Research, 4(1), 1-16.
http://dx.doi.org/10.14786/flr.v4i1.192
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Abstract
This study starts from the observation that current empirical research on students’
levels of processing in higher education has mainly focused on the use of self-report
instruments to measure students’ general disposition towards levels of processing. In
contrast, there is a rather limited use of more direct and online observation techniques
to uncover differences in levels of processing at a task-specific level. We based our
study on one of the most influential studies in the domain of Students’ Approaches to
Learning (SAL) (Marton, Dahlgren, Säljö, & Svensson, 1975). In our exploratory experiment, we used eye tracking followed by a cued retrospective think-aloud to investigate
how students use levels of processing in learning from expository text. Nineteen university students participated in the experiment. Results suggested that students in the
deep condition did not look longer at the essentials in the text compared with students
in the surface condition, but that they processed them in a more deep way. In our sample, students in the surface condition looked longer at details and also reported repeating these details more often. We suggest that the combination of eye tracking followed
by a cued retrospective think-aloud is a fruitful way to investigate students’ levels of
processing since not all differences in levels of processing are reflected in overt eye
movement behaviour. The current methodology allows researchers in the SAL domain
to complement and extend the present knowledge base that has accumulated through
years of research with self-report questionnaires and interviews on students’ general
disposition towards processing strategies.
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Introduction
Learning from text is one of the most essential skills in our modern society and the
ability to understand challenging texts is an important key to success in education and
beyond (Mason, Tornatora, & Pluchino, 2013; McNamara, 2004; Moss, Schunn,
Schneider, McNamara, & Vanlehn, 2011). One of the research traditions that is interested in how students learn from text is the domain of Student Approaches to Learning
(SAL) (Gijbels et al., 2014; Lonka et al., 2004; Richardson, 2000). Research in the SAL
domain is founded on the seminal studies by Marton and his colleagues in the 1970s in
Sweden (Marton et al., 1975). They investigated how students went about reading expository texts in experimental situations by conducting retrospective interviews
(Marton et al., 1975; Richardson, 2000). A distinction was made between deep and
surface levels of processing, which has been influential in the later development of selfreport questionnaires to quantify individual differences in students’ levels of processing
(Biggs, 1987; Entwistle & McCune, 2004).
Up till now, empirical studies in the SAL field have mainly been focused on the use of
self-report instruments such as interviews and questionnaires to uncover differences in
students’ general preferences towards levels of processing. Although these offline
measures are claimed to be reliable and valid at this general level, many authors argue
that the results are poor indicators of the actual processing at a task-specific level (Perry
& Winne, 2006; Samuelsten & Bråten, 2007; Veenman, 2005; Veenman, Bavelaar, De
Wolf, & Van Haaren, 2014). Recently, there has been a plea for the use of more direct
and online measurement tools when it comes to describe students’ levels of processing
(Richardson, 2013). In the present study, we will therefore use eye tracking to map
individual differences in levels of processing followed by a cued retrospective thinkaloud. Eye tracking provides a unique opportunity to investigate levels of processing in a
level of detail that no other measures can provide (Lai et al., 2013; van Gog & Jarodzka,
2013). In what follows we will describe how different levels of processing can be manipulated in experimental designs by the assessment demands, and how eye tracking
followed by a cued retrospective think-aloud can be useful to investigate differences in
levels of processing.

Uncovering differences in levels of processing
Levels of processing refer to cognitive activities a student applies whilst studying
(Vermunt & Vermetten, 2004). In general, two main types of levels of processing are
described in the literature namely deep and surface levels of processing (Gijbels et al.,
2014). Research in the SAL domain showed that deep processors try to comprehend
what the author wants to say about a certain topic, try to understand the overall meaning of the text, try to relate the message to a wider context and to prior knowledge,
identify the main ideas and adopt a critical angle to the conclusion. In contrast, surface
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processors direct their attention towards learning the text itself, focus more on specific
comparisons, focus on the parts of the text in sequence, memorize details and definitions and list points (Biggs & Tang, 2007; Entwistle & Ramsden, 1982; Marton et al.,
1975; Richardson, 2000).
Processing strategies and task demands
In the 1960s, Rothkopf (1966) introduced the concept of mathemagenic activities,
which refers to activities that stimulate students to actively engage in learning. The use
of adjunct questions in written texts is one example of these mathemagenic activities.
One possible type of an adjunct question is the inserted post question, which is placed
within the text and follows the text passage containing the information needed. These
questions result in a change in processing on subsequent text passages. They steer
students attention to a specific type of information in the text (Hamaker, 1986;
Rothkopf, 1966).
Similarly, researchers in the SAL domain agree that one of the most salient contextual
variables to influence levels of processing is the assessment method (Baeten et al.,
2010; Gielen, Dochy, & Dierick, 2003; Marton et al., 1975; Scouller, 1998; Scouller &
Prosser, 1994; Segers, Nijhuis, & Gijselaers, 2006). Research showed that how students
learn is influenced by their initial disposition towards levels of processing (Baeten et al.,
2010), but they can shift between deep and surface levels of processing according to
the assessment demands, also known as the backwash-effect of assessment (Baeten et
al., 2010; Gielen et al., 2003; Segers et al., 2006). In contrast to adjunct question research (Hamaker, 1986; Rothkopf, 1966), research in the SAL domain evaluated the
effect of the assessment method at the end of a text or study process, without inserting
questions in the text or interrupting the study process.
In the experiments of Marton et al. (1975), students were asked to read three texts and
to prepare for answering some questions on the content after reading them. The questions they received after the first two texts were the only indication on how to behave
during reading the third text. Students in the deep condition received questions at a
deep level (e.g., making a summary statement), while students in the surface condition
received reproduction-oriented questions. After studying the third text, a semistructured interview was conducted to gather data on the effect of the experimental
manipulation on the levels of processing. The results of the interviews suggested that
students tended to adapt the intended level of processing (Marton et al., 1975;
Richardson, 2000). This study was the first study in the SAL domain to confirm the possibility to manipulate students’ levels of processing by appropriate questions or
prompts. It shows that the level of processing depends on the expected form of assessment (Richardson, 2000). Another study of Scouller and Prosser (1994) suggested
that the assessment method influences levels of processing. Their research showed that
multiple-choice questions led to more surface processing. Also research of Scouller
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(1998) investigated how students perceived two assessment methods namely multiplechoice examination and an assignment essay and which levels of processing they used.
The findings were in line with Scouller and Prosser (1994), multiple-choice examination
was perceived as assessing lower levels of intellectual abilities and students indicated to
engage in more surface processing. An assignment essay was perceived as testing higher-level intellectual abilities and students engaged in more deep processing. A last study
of Segers et al. (2006) showed that students who perceive the demands on a deep level,
to demonstrate a thorough understanding and integration of knowledge, are more
likely to employ deep levels of processing. In contrast, students who perceive the demands of assessment on a surface level, to acquire passive acquisition and reproduction
of details, are expected to employ more surface levels of processing such as rote learning and concentrating on details.
Levels of processing and eye tracking
Online measures to map cognitive processing include the think-aloud method, observation of behaviour and eye movement registration (Schellings, 2011; Veenman, 2011).
The think-aloud method provides a rich source of data, but it is intrusive and can alter
the processing itself (Ericsson & Simon, 1993; Veenman, 2005). The main limitation of
the observation of behaviour is that it cannot detect covert cognitive processes
(Veenman, 2005). According to Hyönä and Lorch (2004) eye tracking is an attractive
method for studying cognitive processing in comparison with other online measures
because eye tracking collects several indices of processing simultaneously and does not
disrupt normal processing.
There are two theoretical assumptions that make the relation between eye movements
and cognitive processing clear: the immediacy assumption and the eye-mind assumption (Just & Carpenter, 1980). The immediacy assumption states that information processing is not postponed and takes place when the information is encountered. The
eye-mind hypothesis explains that eye movements are closely linked to the focus of
attention as students process the information in the text. Therefore, eye movements
can be used to trace cognitive processing when learning from text (Hyönä et al., 2003;
Just & Carpenter, 1980). In eye tracking research, the movement of the eyeball is recorded and these movements are related to a stimulus. This allows us to investigate to
what parts of the text a student allocates visual attention and for how long (Holmqvist
et al., 2011; van Gog & Jarodzka, 2013). A distinction is made between two main
measures namely fixations and saccades. During fixations, the eye is almost completely
still and information can be extracted from the text. In contrast, during saccades the
focus of visual attention is moved to another location and the eye is rapidly moving
between fixations, as a result students are not able to extract information from text
during saccades (Holmqvist et al., 2011; Lai et al., 2013; van Gog & Jarodzka, 2013).
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Although eye tracking methodology seems a promising way to investigate students’
levels of processing, we could not find studies that examine eye movement behaviour
that results from using different levels of processing. In another related research field,
namely research in reading comprehension, they already adopted the eye tracking
methodology (Hyönä, Lorch, & Kaakinen, 2002; Ponce & Mayer, 2014; Rayner, 1998).
More specifically, the perspective driven text comprehension framework states that the
allocation of visual attention is influenced by the reading perspective and this reading
perspective shapes the cognitive processing in learning from text (Kaakinen & Hyönä,
2005, 2007, 2010; Kaakinen, Hyönä, & Keenan, 2002). A reading perspective refers to
the mental frame from which the reader approaches a text and this perspective makes
parts of the text more important to the reader than others (Hyönä et al., 2003;
Kaakinen & Hyönä, 2007). Kaakinen and Hyönä (2007) gave the example that when you
read a travel guide in order to find information about a specific country (e.g., Finland),
you will approach the text with a specific reading perspective. This reading perspective
is thus content related. Alternatively, levels of processing correspond to the different
aspects of the learning material on which the learner focuses (Richardson, 2000). So
students with different levels of processing focus on the same content but search for
other types of information (e.g., details vs. essences) (Schellings, van Hout-Wolters, &
Vermunt, 1996). Research that investigates the influence of reading perspective on eye
movements showed that there is more time spent on relevant parts in the text than on
irrelevant parts (Kaakinen & Hyönä, 2007; Kaakinen et al., 2002). In addition, relevant
parts attracted more refixations than irrelevant parts (Kaakinen & Hyönä, 2007). Research of Kaakinen and Hyönä (2005) indicated that the extra time spent on relevant
information is used to rehearse this information in order to encode it to memory. Particularly relevant for research on learning from text is that these refixations reflect purposeful and effortful strategic eye behaviour (Ariasi & Mason, 2011).
Eye tracking is an interesting method to investigate cognitive processes, but to reduce
the amount of inferences required by the researcher, eye movement data should be
combined with other data such as verbal reports (Hyönä, 2010; van Gog & Jarodzka,
2013). Recent studies have already applied the think-aloud method to obtain verbal
reports on students’ levels of processing during reading and learning from text
(Dinsmore & Alexander, 2012; Dinsmore & Alexander, 2016). Concurrent reporting
while learning from text can affect the eye movement patterns, and therefore cued
retrospective reporting offers a valuable alternative in combination with eye tracking
(van Gog & Jarodzka, 2013). Besides recording the eye movements, the eye tracking
software allows replaying the records of eye movements. Using this eye movement
pattern as a memory cue, it may help learners to recover how they encoded and interpreted elements in the text (Hyönä, 2010; Penttinen, Anto, & Mikkilä-Erdmann, 2013;
van Gog, Paas, & Van Merrienboer, 2005). Because of the small delay after processing
the text and the presentation of the memory cue, students are still able to report on
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their cognitive processes (Veenman, 2005, 2011). For this reason, we chose to use cued
retrospective reporting to combine with eye movement measures.

Present study
Our study aims to extend current research on levels of processing by using eye tracking
methodology followed by a cued retrospective think-aloud to map differences in levels
of processing. This more direct and online way of measuring levels of processing allows
to learn more about the actual processing behaviour of students while learning from
expository text.
As stated above the reading perspective shapes what information is looked for in a text
and what information is perceived as relevant (Kaakinen & Hyönä, 2005). Furthermore,
research using self-report measures suggested that deep processors focus more on
essences and surface processors focus more on details and definitions (Biggs & Tang,
2007; Entwistle & Ramsden, 1982; Marton et al., 1975; Richardson, 2000). Based on
findings from research on perspective driven text comprehension (Kaakinen & Hyönä,
2008) and the SAL domain (Lonka et al., 2004), we suggest the following hypotheses for
students in the deep condition (after receiving guiding questions at a deep level) and
students in the surface condition (after receiving reproduction-oriented questions):
a) Hypothesis 1: Students in the deep condition focus their attention longer on the
essentials (e.g., key phrases and words) in the text compared to students in the surface condition.
b) Hypothesis 2: Students in the deep condition, more often return back to essences
compared to students in the surface condition.
c) Hypothesis 3: Students in the surface condition focus their attention longer on details (e.g., names and numbers) compared to students in the deep condition.
d) Hypothesis 4: Students in the surface condition, more often return back to details
compared to students in the deep condition.

Methodology
Participants
Twenty-eight students (age range: 18-25) enrolled at the University of Antwerp (Belgium), participated on a voluntary basis. Participants were randomly divided in either
the deep condition (DC, N = 14) or the surface condition (SC, N = 14). Unfortunately,
data of nine respondents could not be used due to equipment failure and problems
with eye tracking calibration. Therefore, data of 19 students were considered in the
statistical analyses (Table 1). All participants had normal or corrected-to-normal vision
and Dutch was their native language.
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Table 1 Participant characteristics
DC

SC

12

7

Male

5

5

Female

7

2

N
Gender

Materials
In order to test our hypotheses, we based our experimental design on the seminal studies by Marton et al. (1975). In their experiments, they induced either deep or surface
levels of processing by giving students questions after they studied an expository text.
In our experiment, students were asked to study a series of three expository texts (±
800 words) on a topic they were not familiar with, namely research on happiness. The
texts were taken from the Dutch version of ‘The world book of Happiness’ (Bormans,
2010). After processing each text, they received a number of evaluation questions on
the preceding text (Figure 1). Students in the deep condition received questions at a
deep level (e.g., give a summary of the text). In contrast, students in the surface condition received reproduction-oriented questions (e.g., in which country was the research
discussed in the text conducted?). So, in both conditions students processed the same
learning content, but received different questions. In the original study, Marton et al.
(1975) interviewed and tested the students after the third text and concluded that in
the surface condition, students adopted more surface levels of processing while students in the deep condition adopted more deep levels of processing. Similarly, in our
study we analysed the eye tracking data and cued retrospective think-alouds from the
third text.

Figure 1. Experimental design.

Eye tracking
Eye movements were collected using the Tobii TX300 eye tracker (dark pupil tracking),
manufactured by Tobii Technology (Stockholm, Sweden). It is integrated into a 23-inch
TFT monitor with a maximum resolution of 1920 x 1080 pixels. The camera samples
data at the rate of 300 Hz and registration was binocular. Tobii TX300 does not require a
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head stabilization system and allows for more freedom of head movement (37 x 17 cm).
Gaze accuracy is 0.4° and gaze precision is 0.15°, as reported by the hardware producer.
The eye tracker latency is between 1.0 and 3.3 milliseconds. Data were recorded with
Tobii-Studio (3.2) software. Before starting the experiment, students were seated about
60 cm from the screen for the eye tracking calibration. A five-point calibration procedure was used in which students needed to track five red calibration dots on a plain,
grey background.
Areas of interest (AOI’s) define regions in the text that the researcher is interested in
gathering data about (Holmqvist et al., 2011). With regard to our hypotheses we are
interested in key phrases and keywords for the deep condition and in details and facts
for the surface condition. Six volunteers (master students in educational sciences) read
the text in a pilot study to determine the key phrases and keywords. In total 15 deep
AOI’s (e.g., a topic sentence with summary statements) and three surface AOI’s (e.g.,
name of a country) were marked. There were only parts of the text defined as AOI’s, so
not the whole text was covered with AOI’s. The complete text could be seen on the
screen, so scrolling was not needed.
In line with Hyönä et al. (2002) first pass fixation duration, second pass fixation duration
and total fixation duration were analysed at the level of AOI’s. An overview of the definitions is given in Table 2 (Holmqvist et al., 2011; Hyönä et al., 2003). Students were
able to process the text in a self-paced manner and therefore we calculated relative
duration measures. In addition, AOI’s differed in size because they sometimes contained phrases, while others consisted of only words. Therefore, in a next step AOI
measures were normalized by calculating the reading depth measure (Holmqvist et al.,
2011; Holmqvist & Wartenberg, 2005; Holsanova, Holmqvist, & Rahm, 2006). This reading depth measure is defined by the total time spent in an AOI per cm2 and is an indication of how densely an AOI is processed. So, for the three measures described in Table 2
we calculated relative reading depth measures.
Table 2 Overview of eye tracking measures and their definitions
Measure

Definition

First pass fixation
duration

The time spent in an AOI when it was visited for the first time. A visit can consist of more
fixations. It reflects early processing and object recognition.

Second pass fixation Duration of all the regressions back to an AOI. It reflects delayed processing, for example
duration
to integrate information.
Total fixation
duration

The time spent in an AOI during the whole trial, it is the sum of the first pass fixation time
and the second pass fixation time in that AOI.

The fixation indices were calculated for either the group of deep AOI’s or the group of
surface AOI’s. We used the Tobii fixation filter for fixation identification, which is an
implementation of a classification algorithm proposed by Olsson (2007). It uses a velocity threshold (35 pixels/window) and a distance threshold (35 pixels). For all the
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measures, the means and standard deviations were calculated. To compare students in
both conditions, we used non-parametric tests due to the small sample sizes (van Gog,
Paas, & Van Merrienboer, 2005). The medians together with the first and third quartile
were calculated. Relative reading depth measures for the eye movement measures
were compared for students in both conditions using Mann-Whitney U tests. We reported the exact two-tailed significance. Also in line with van Gog, Paas, and Van
Merrienboer (2005), we used a less stringent significance level of .10 to avoid type II
error and to increase power.

Cued retrospective think-aloud
After the eye tracking experiment, a cued retrospective think-aloud was conducted.
After processing the third text, the experimenter informed students that they would
watch the replay of eye movements of the third text together. The cued retrospective
think-aloud was conducted by using gaze videos produced by Tobii-Studio software
(3.2). During the replay, a video showed the text and a moving red dot representing the
point of fixation. The bigger the dot, the longer the fixation lasted. Students saw their
gaze videos at the same speed they processed the text. The interviewer instructed students to watch the video and to tell the interviewer what they were thinking during
processing the text. The interviewer also stated that she would occasionally stop the
video and ask questions about the reading process, such as ‘Here you fixated a lot, what
where you doing?’ or ‘Here you are going back in the text, what were you doing?’.
Table 3 Coding scheme for the cued retrospective think-aloud
Strategy

Example

Surface processing

SC

66 (65,3%) 45 (100%)

Rereading

I tried to understand that part so I was rereading it.

Skimming

Now I am reading it again and just scanning for
important words in the text.

Guessing meaning word in
context

That was GNP, I was wondering what the meaning of
that word was.

Rehearsing

Those countries, I was trying to remember them.

Connecting to prior text

I realise that I go back a lot in the text and that is
because I am trying to link parts of the text.

Connecting to the research
task

I guess the first paragraph was going to give an
overview about the rest of the task, so I thought that
was important.

Detecting mistakes in the text I was looking at the ‘n’ that was missing in that word.
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Strategy

Example

Deep processing

DC

SC

35 (34,7%) 0 (0%)

Questioning

I was wondering what they meant with that phrase.

Paraphrasing

First, they name something and then you know a
summation is coming. Second, they talk about cross
national comparisons, …

Connecting to personal
experiences

You try to process the text critically and to take you
own findings and personal experience into account.

Interpreting and elaborating

What I do most of the time is reading the text and then
trying to analyse what I just read. In this way I get a
better picture of what the text is about.

The cued retrospective think-alouds were transcribed from the audiotapes. In addition,
we linked transcriptions to the part of the text that was discussed. The cued retrospective think-alouds were coded based on an initial set of ten codes developed in a study of
(Dinsmore & Alexander, 2016). Specifically, comments were coded as either surface or
deep levels of processing (Table 3). After coding deductively, we added one extra code
in the surface processing category namely ‘detecting mistakes in the text’. Transcripts
were coded with the qualitative analysis software package Nvivo 10. Two judges (authors LC and LG) coded the reports and an inter-rater agreement of 73% was reached,
which is considered as substantial. We compared the number of coded utterances in
each condition between the two categories (Table 3). We first analysed the data on a
general level and looked for differences between students in both conditions. We also
analysed the data at a more fine-grained level to see whether the reported levels of
processing are linked to AOI’s and to examine differences at the AOI level between
groups.

Results
Table 4 shows the means and standard deviations. Standard deviations for the
measures in the deep condition are higher than in the surface condition. This may be an
indication that students in the deep condition differ more from each other. When we
look at the results from the cued retrospective think-alouds for students in the deep
condition, some students pointed out that they sometimes took a pause to integrate
processed information instead of looking back. This may also be an indication that there
are two types of students in the deep condition, on the one hand students who process
information immediately and take a pause to integrate information and on the other
hand students who need to look back to parts in the text to integrate this information
and to encode it to memory.
“Sometimes I keep staring at the text, because I try to visualize it for myself” (R7,
DC)
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“I sometimes have the feeling that when I am staring at a word that I am not
processing that word but that I am just taking a moment to think about what I
have read” (R3, DC)
“Sometimes I have the feeling that I am staring at something in the text, to process the things I just read before” (R5, DC)
Surface levels of processing were mostly reported and more specifically rereading. Students in both groups indicated that they reread parts of the text the most. Only students in the deep condition reported deep and surface levels of processing. Students in
the surface condition only reported surface levels of processing. Deep levels of processing are reported on a more general level and are not linked to certain phrases,
paragraphs or AOI’s in the text.
“When you know you will need to answer questions after reading the text, you try
to read the text critically and I always try to take into account my personal experiences and findings.” (R5, DC)
“I first think about what I read in the text, before I proceed with the next part. I
try to make a summary for myself of what I read in the previous parts.” (R3, DC)
Table 4 Means and standard deviations
Essentials

Details

DC
M

SC
SD

M

DC
SD

M

SC
SD

M

SD

FPFD

45.53

23.77

57.50

25.19

80.60

24.49

79.02

51.30

SPFD

285.66

192.02

200.75

46.39

268.20

236.77

401.22

168.88

TFD

331.19

189.72

285.25

43.45

348.80

234.62

480.24

185.68

FPFD = first pass fixation duration; SPFD = second pass fixation duration; TFD = total fixation duration.

We compared the total reading time of students in both conditions with a MannWhitney U test, but no significant differences were found (U = 41, p = 0.97). So, students in both conditions spent on average the same amount of time on processing the
text.

Essentials in the text
Table 5 shows the medians and quartiles for the essentials in the text for students in
both conditions. We conducted Mann-Whiney U tests on all these measures but no
significant differences were found between students in both groups.
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Table 5 First quartile, median and third quartile for essentials.
DC
Q1

SC
Mdn

Q3

Q1

Mann-Whiney U
U

p

FPFD

27.65

41.14

45.17

41.18

Mdn
48.55

Q3
75.67

30

0.340

SPFD

173.39

215.14

354.49

170.57

178.85

215.59

53

0.385

TFD

209.29

261.89

396.90

235.15

257.08

267.00

45

0.837

Results from the cued retrospective think-alouds indicate that both students in the
deep and surface condition reread essentials in the text. A reason for rereading is that
they did not really understand essential parts of the text. The motivation to better understand these essential parts in the text is only reported by students in the deep condition. These results suggest that students in the deep condition reread these parts at a
deeper level to get a better understanding.
“I am rereading a lot, I read something fast and then I think whether I understood
it and no I did not, so then I go back again” (R3, DC)
“I was trying to understand that part better, so that is why I was rereading it over
and over again” (R2, DC)
Both groups indicated skimming the text after reading it for the first time to look back at
the essential parts of the text.
“What I often do when I finished reading, is rereading only the essential parts of
the text” (R4, DC)
“I am just scanning quickly to see if I missed important words in the text” (R16,
SC)
A final finding from the cued retrospective think-alouds is that both groups guessed the
meaning of keywords in context, when they did not understand the word. Overall, results from the cued retrospective think-alouds are in line with results from eye tracking,
in that no big differences are found between both groups when processing essential
parts in the text.
“Here, that was a difficult word, elitist, I tried to understand the meaning in the
text” (R8, DC)
“Some keywords I do not know, I need to think about them or see the context to
understand them” (R19, SC)

Details in the text
Table 6 shows the medians and quartiles for details in the text for students in both
conditions. Students in the surface condition spent relatively more time on details when
they looked back at them and also during the whole experiment.
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Table 6 First quartile, median and third quartile for details.
DC
Q1

SC
Mdn

Q3

Q1

Mann-Whiney U
Q3

U

p

FPFD

66.34

78.06

102.04

38.77

Mdn
82.39

112.36

44

0.902

SPFD

160.56

178.28

270.98

329.09

423.92

529.68

20

0.068

TFD

241.65

276.45

351.52

440.90

479.24

611.01

18

0.045

Results from the cued retrospective think-alouds showed that students in the surface
condition repeated details in the text, while students in the deep condition did not.
Other coding categories did not show a link with processing details in the text. Again,
we can see a clear link between the eye movement measures and the results from the
cued recalls.
“The names of those countries, I really tried to remember those” (R14, SC)
“Those four countries, I memorized them” (R19, SC)
“I tried to remember the name of the author, I thought that would be important”
(R17, SC)

Conclusion and discussion
This exploratory study aimed at extending current research on levels of processing during learning from expository text. Research in the SAL domain is mostly based on students’ self-reports of levels of processing at a general level in which the context of
learning is not taken into account (Dinsmore & Alexander, 2012; Gijbels et al., 2014). By
looking at the actual processing behaviour of students while learning from expository
text, this study makes a first preliminary contribution to the field by using a more direct
and online measurement technique at a task-specific level that takes the context explicitly into account. It is the first experimental study to explore students’ levels of processing at a task-specific level using direct online measures. Most of the research using
online measures is based on the think-aloud method, which can alter the processing
itself (Veenman, 2005). By using eye tracking methodology followed by a cued retrospective think-aloud this problem is circumvented, in that this method does not demand students to manage cognitive load of the task completion and self-reports of
processing behaviour at the same time (Samuelsten & Bråten, 2007).
In our study, we manipulated the task demands to steer levels of processing. Results
from the cued retrospective think-alouds indicated that this manipulation was successful as students in the deep condition reported a combination of surface and deep levels
of processing, while students in the surface condition only reported surface levels of
processing. This is in line with previous research that showed that demands on a deep
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level, to demonstrate a thorough understanding, lead to more deep levels of processing
whereas demands on a surface level, to acquire passive acquisition of facts and details,
lead to more surface levels of processing (Marton et al., 1975; Richardson, 2000;
Scouller, 1998; Scouller & Prosser, 1994; Segers et al., 2006). Results of the cued retrospective think-alouds indicated that students in both conditions processed details and
essential parts in the text but they did it in a different way. These results are similar to
results from think-aloud studies in which levels of processing were examined without
manipulating task demands (Dinsmore & Alexander, 2012; Dinsmore & Alexander, 2016;
Penttinen et al., 2013).
Based on the eye movement data, we cannot confirm the first and second hypothesis
that stated that students in the deep condition focus their attention longer on essentials in the text compared to students in the surface condition and that they return
more back to them. Both groups of students spent time on processing the essentials in
the text. Although we could not find differences between groups based on their eye
movement data, results from the cued retrospective think-alouds indicated that students in the deep condition reread the essentials in the text to understand them better.
This motivation to better understand these parts is related to a deep way of processing
(Biggs & Tang, 2007; Entwistle & Ramsden, 1982). Students in the surface condition did
not report this motivation. These descriptive findings indicate that students in our sample processed the text in a different way but more substantive research is needed to
further explore found differences in overt eye movement behaviour. In contrast with
research from the angle of perspective driven text comprehension, these essential parts
do not seem to attract more refixations by students in the deep condition (Kaakinen &
Hyönä, 2005, 2007, 2008), however they are processed in a more deep way. Another
interesting finding from the cued retrospective think-alouds is that some students in the
deep condition indicated that they took a pause at some places in the text to integrate
the processed information instead of actively looking back. Other students in the deep
condition reported actively looking back at these essential parts in the text. Also, the
higher standard deviations for students in the deep condition may be an indication of
these differences. It is in line with other research that shows that building the necessary
links to incorporate text information to the developing memory representation can be
achieved mentally or can result in overt behaviour in which students actively reread
essential parts (Hyönä et al., 2003; Kaakinen & Hyönä, 2008). So, based on these preliminary findings, we suggest that some deep processors actively return back to essentials
to encode it to memory, while others take a pause to integrate the new information
without looking back to this information. Further research is needed to confirm these
findings.
Regarding the third and fourth hypothesis, the results indicated that students in the
surface condition indeed looked longer at details and returned more back to them. It
seems that students in the surface condition switch to strategic processing by paying
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more attention to relevant parts, namely details (Kaakinen & Hyönä, 2007). Research of
Kaakinen and Hyönä (2005) showed that the extra time spent on relevant information is
used to rehearse this information in order to encode it to memory. Results from both
eye tracking and cued retrospective think-alouds indicate that details are repeated in
order to encode into memory in the surface condition (Kaakinen & Hyönä, 2007). Only
students in the surface condition reported repeating details, while students in the deep
condition did not report processing activities like that.
Although our findings suggest that eye tracking followed by a cued retrospective thinkaloud is a fruitful way to investigate levels of processing, we want to stress the preliminary nature of this study because of some limitations. An important limitation of this
study is the small sample size. Due to equipment failure or problems with eye tracking
calibration, the sample size decreased at the onset of this study. Because of this smaller
sample size, we decided to use non-parametric tests and deepened the results obtained
by a cued retrospective think-aloud. We also raised the significance level to increase
power due to the smaller sample size (van Gog, Paas, & Van Merrienboer, 2005). The
findings from this study can serve as a baseline for further research in which larger
samples can be used to increase power without adjusting the significance level. Another
limitation of this study is that we used a between groups design. Reading times and
online processing can vary among adult readers (Hyönä et al., 2002; Kaakinen & Hyönä,
2008). Therefore, we suggest for further research to use a within groups design in
which students use both levels of processing to take this individual variability into account. Another way to understand the significance of individual variability is to include
control variables such as reading ability, interest in the topic and prior knowledge about
the topic (Fox, 2009; Mason et al., 2013). By increasing the sample size and using a
within-subjects design, more complex statistical analysis can be conducted to confirm
our preliminary findings. In this way, it will be possible to give more generalized statements regarding levels of processing as measured by eye tracking. A last limitation is
that students needed to process the text on a computer screen to be able to use the
eye tracking equipment. By doing this it does not reflect the natural setting in which
students habitually process learning contents.
Despite the limitations, this study was able to show that eye tracking followed by a cued
retrospective think-aloud is a promising way to examine students’ levels of processing.
An important finding from our study is that it is valuable to combine eye tracking with a
cued retrospective think-aloud, because differences in levels of processing not always
lead to differences in overt eye movement behaviour (Hyönä et al., 2003; Kaakinen &
Hyönä, 2008). By using a cued retrospective think-aloud, we were able to uncover differences in levels of processing that were not reflected in eye movement behaviour.
Students in the deep condition do not seem to look longer at essentials and do not
seem to return more back to them, but processed them in a more deep way than students in the surface condition. Results suggest that students in the surface condition
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looked longer at details and did return more back to them. This first exploratory eye
tracking study in the SAL domain is an important illustration on how levels of processing
can be further examined beyond the use of self-report questionnaires. In our opinion, it
would be worthwhile to use this innovative eye tracking methodology in multi-method
designs to triangulate it with often used self-report measures to look for convergent or
divergent validity. In our study, we steered students’ levels of processing by task demands. Although research indicated that it is possible to influence levels of processing
by manipulating this contextual variable (Baeten et al., 2010; Gielen et al., 2003; Marton
et al., 1975; Scouller, 1998; Scouller & Prosser, 1994; Segers et al., 2006), it would be
interesting to combine it with these self-report measures in order to examine a more
natural way of processing behaviour. Furthermore, using multiple sources of data is
important to develop a comprehensive understanding of how we can adequately measure students’ levels of processing. Eye tracking methodology followed by a cued retrospective think-aloud in the SAL domain can also deepen the conceptual underpinnings
on what constitutes deep and surface processing of learning contents.
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reflected in the eyes? Combining
results from self-reports and eye
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Abstract
Up until now, empirical studies in the Student Approaches to Learning field have mainly
been focused on the use of self-report instruments, such as interviews and questionnaires, to uncover differences in students' general disposition towards learning strategies, but have focused less on the use of task-specific and online measures. This study
aims at extending current research on students' learning strategies by combining general and task-specific measurements of students' learning strategies using both offline
and online measures. We want to clarify how students process learning contents and to
what extent this is related to their self-report of learning strategies. Twenty students
with different generic learning profiles (according to self-report questionnaires) read an
expository text, while their eye movements were registered in order to answer questions on the content afterwards. Eye tracking data was analysed with generalized linear
mixed effects models. The results indicate that students with an all-high profile, combining both deep and surface levels of processing, spend more time on rereading the
text than students with an all-low profile, scoring low on both levels of processing. This
study showed that we can use eye tracking to distinguish students with a rich repertoire
of learning strategies, characterized by using cognitive processing and regulation strategies, from students with a limited repertoire of learning strategies, characterized by a
lack of cognitive and regulation strategies. These students processed the expository text
according to how they self-reported.

42

Can eye see your levels of processing?

Introduction
Learning from expository texts is one of the most fundamental skills in our current society and the competence to learn from demanding textbooks is crucial in education and
beyond (Clinton & van den Broek, 2012; Mason et al., 2013; O'Brien et al., 2015). The
Student Approaches to Learning (SAL) tradition is mainly interested in how students
learn during their academic studies (Gijbels et al., 2014; Vermunt & Donche, 2017).
Research within the SAL field goes back to the seminal studies by Marton and his colleagues from the Goteborg research group (Marton & Säljö, 1976). They investigated
how students processed academic texts in experimental situations (Marton & Säljö,
1976; Richardson, 2015). Later on, and inspired by this research, a repertoire of selfreport questionnaires was developed to quantify individual differences in students'
learning strategies (Biggs, 1987; Entwistle & Waterston, 1988). Since the original quasiexperimental work and, with the development of self-report questionnaires, learning
strategies have been investigated at different contextual levels, such as the task level,
the course level and the general level (over several courses) (Lonka et al., 2004). However, up to now, empirical studies in the SAL field have primarily been focused on the
use of self-report instruments to uncover differences in students’ learning strategies at
the general level (Fryer, 2017; Lonka et al., 2004; Schellings, 2011).
Although the SAL tradition has roots in experimental work at the task level (Richardson,
2015), empirical research has mainly investigated learning strategies at the general (or
departmental) and course level using self-report questionnaires (Fryer, 2017). In the
related field of self-regulated learning (SRL), there is a more extensive research base on
how strategies vary depending on the learning situation and task with online measurement tools, such as think-aloud protocols, observations and computer trace data (R.
Azevedo et al., 2013; van Gog, Paas, van Merrienboer, & Witte, 2005; Zusho, 2017).
Researchers in the field of SRL have argued that strategy use varies across learning tasks
and that general self-reports are thus not always a good predictor of task-specific strategy use (Perry, 2002; Perry & Winne, 2006; Veenman et al., 2014). However, in the SAL
field, there is a lack of research in which task-specific, online measures are adopted to
uncover differences in learning strategies. As stated in the review of Vermunt and
Donche (2017), empirical research in the SAL field can move forward by investigating
the variability of learning strategies on specific task levels versus a more domain and
general level. Therefore, a first aim of this study is to combine task-specific and general
measurements of students' learning strategies. Although research using self-report
questionnaires has been criticised for several reasons, we cannot refrain from using
self-report questionnaires in order to be able to capture individual differences in perceptions of student learning. Therefore, we will use eye tracking as an online measure
to map individual differences in reading to learn and compare eye tracking measures
with results from general self-report measures on students' learning strategies. We thus
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want to clarify if students process the learning material according to how they selfreport to process the material. Eye tracking has a long history in reading research
(Jarodzka & Brand-Gruwel, 2017; Rayner, 2009) and has thus established measures in
reading and learning from text. In addition, eye tracking offers several advantages in
comparison with the other online techniques, such as think-aloud protocols and observations, because it collects several indices of processing simultaneously and does not
disrupt the students' learning behaviour (Hyönä & Lorch, 2004). Therefore, eye tracking
seems to be a promising tool to investigate students’ processing strategies in learning
from text. A second aim of this study is to examine how eye tracking measures, adapted
from reading comprehension, can inform us on differences in students' learning strategies. The combination of different measures can yield convergent or divergent views on
student learning (Endedijk & Vermunt, 2013), which is crucial for further theory building
and important to depict a more comprehensive picture of students' learning strategies
(Gijbels et al., 2014; Vermunt & Donche, 2017).

Conceptualization of learning strategies
Various models on students' learning strategies in higher education have been developed (Fryer, 2017; Vermunt & Donche, 2017; Zusho, 2017). More specifically, there are
distinct American (SRL) and European/Australian (SAL) conceptual frameworks regarding how students learn (Fryer, 2017), but both research traditions describe how and
why students process learning content. For reasons of space, we will further elaborate
on the conceptualization of students' learning strategies within the SAL field. In most of
the models on student learning in the SAL field, learning strategies are seen as the essential elements of learning (Gijbels et al., 2014; Vermunt & Donche, 2017). Learning
strategies can be described as consisting of two components, namely, regulation and
cognitive processing (Vermunt & Vermetten, 2004). Regulation strategies refer to the
activities that students use to steer their cognitive processing (Vermunt & Minnaert,
2003). Applied on learning from text, examples of regulation activities are orienting on
the text, monitoring comprehension and diagnosing difficulties in the text (Fox, 2009;
Merchie & Van Keer, 2014b; Pressley & Afflerbach, 1995). Vermunt and Vermetten
(2004) described that students can regulate their learning processes themselves or by
instructions from the teacher or learning material. Some students lack regulatory skills
(Vermunt & Vermetten, 2004). Processing strategies refer to the cognitive activities that
a student applies whilst processing study material (Vermunt & Vermetten, 2004). A
main distinction has been made between deep and surface levels of processing (Gijbels
et al., 2014; Vermunt & Donche, 2017). Deep processing refers to the intention to understand what the author wants to say in the text, to engage in meaningful learning, to
relate the content of the text to a wider context and prior knowledge and to focus on
the main themes and key information in the text. Surface processing, on the other
hand, refers to selectively memorizing learning content without looking for meaning,
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focusing on parts of the text in sequence and to learn details and definitions by heart
(Marton & Säljö, 1976; Richardson, 2015; Vermunt & Vermetten, 2004).
With regard to processing strategies, a distinction has been made between deep and
surface levels of processing but research indicates that it cannot be seen as a pure dichotomy (Dinsmore & Alexander, 2016; Lonka et al., 2004; Vanthournout, Coertjens,
Gijbels, Donche, & Van Petegem, 2013). Students may have a predominant approach
(Kember, Leung, & McNaught, 2008; Lonka et al., 2004), but depending on the learning
task, students can either use surface levels, deep levels or a combination of both levels
of processing (Catrysse et al., 2016; Dinsmore & Alexander, 2016). Thus, some students
show all features of one learning strategy, while others are more flexible and show
characteristics of more learning strategies (Vermunt & Donche, 2017). Most of the time
students combine several strategies while learning and, consequently, how students
learn cannot be characterized by one single strategy (Donche & Van Petegem, 2009;
Vanthournout et al., 2013). Different learning profiles have already been distinguished,
for example, students who mostly use deep levels of processing, surface levels of processing, a combination of both and, lastly, students who do not seem to use any levels
of processing (Lindblom-Ylänne & Lonka, 1998, 2000; Vanthournout et al., 2013). These
learning profiles are also related to students' regulation strategies: students who use a
combination of both levels of processing are often characterized by scoring high on
regulation strategies, while students who do not seem to use any levels of processing
are characterized by lacking regulatory skills (Donche, Coertjens, & Van Petegem, 2010;
Donche & Van Petegem, 2009).

Eye tracking and learning from text
Eye tracking has helped us to understand reading processes over the past decades
(Rayner, 2009). Jarodzka and Brand-Gruwel (2017) structured eye tracking research on
reading into three levels: (1) reading single words or sentences; (2) reading and comprehending a complete text and (3) reading several text documents. However, most eye
tracking research has focused on reading single words or sentences (Rayner, 2009). Eye
tracking has also been adopted in level two and level three research on reading comprehension, but to a lesser extent (Ariasi et al., 2017; Kaakinen & Hyönä, 2010; Yeari,
Oudega, & van den Broek, 2016). First pass and second pass reading times are oftenused eye tracking measures in text related processing (Hyönä et al., 2003; Jarodzka &
Brand-Gruwel, 2017). Longer second pass reading times or rereading times are an indication of cognitive conflict (Mikkilä-Erdmann, Penttinen, Anto, & Olkinuora, 2008), highlevel or deeper cognitive processing (Ariasi & Mason, 2011; Holmqvist et al., 2011;
Penttinen et al., 2013), strategic attempts to either resolve comprehension problems or
further text comprehension (Ariasi et al., 2017; Hyönä & Lorch, 2004; Hyönä et al.,
2002; Hyönä et al., 2003; Kinnunen & Vauras, 1995), comprehension monitoring (van
Gog & Jarodzka, 2013), difficult passages (Rayner, Chace, Slattery, & Ashby, 2006) and
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attempts to reinstate text information into working memory in order to elaborate on it
or rehearse it (Hyönä & Lorch, 2004).
In addition, researchers have also looked into specific words or sentences of the text
that participants did, or did not, read carefully by means of AOI (area of interest) analyses (Holmqvist et al., 2011; Jarodzka & Brand-Gruwel, 2017). Researchers looked at
differences in processing between topic-introducing, topic-medial and topic-final sentences (Ariasi et al., 2017; Hyönä & Lorch, 2004), differences between relevant and
irrelevant parts in the text (Kaakinen & Hyönä, 2005, 2007) and differences between
central versus peripheral ideas in the text (Yeari et al., 2016; Yeari, van den Broek, &
Oudega, 2015). Findings with regard to topic-introducing, topic-medial and topic-final
sentences are rather mixed (Ariasi et al., 2017; Hyönä et al., 2002; Hyönä et al., 2003).
Concerning the comparison between relevant and irrelevant parts in the text, research
has indicated that more time is spent on relevant than on irrelevant parts in the text
(Kaakinen & Hyönä, 2007; Kaakinen et al., 2002). There is also evidence that central
ideas, which are important to the overall meaning of the text, are processed more thoroughly than peripheral ideas (van den Broek, Helder, & Van Leijenhorst, 2013; Yeari et
al., 2016; Yeari et al., 2015). Eye tracking research indicates that readers spend more
time on processing central ideas during the first pass reading and rereading of the text
(Hyönä & Niemi, 1990). Research of Yeari et al. (2015) showed that rereading central
ideas only takes longer for some reading goals, namely, reading for entertainment and
in order to give a presentation compared to reading in order to answer questions on the
content afterwards.
Typically, there is a large variability between readers on eye tracking measures
(Jarodzka & Brand-Gruwel, 2017; Rayner, 2009). Jarodzka and Brand-Gruwel (2017)
indicated that eye tracking measures vary according to prior knowledge and ability
among others. Eye tracking research on reading from text showed that readers with
large working memory capacity have higher first pass reading times on relevant information than readers with low working memory capacity (Kaakinen et al., 2002). Low
span readers only showed the relevance effect in rereading times. Another study of
Kaakinen, Hyönä, and Keenan (2003) showed that readers with prior knowledge and a
high working memory capacity encode relevant information into memory without extra
processing time. Some studies have controlled for prior knowledge in order to ensure
that readers do not differ on prior knowledge in different reading conditions (Ariasi et
al., 2017; Ariasi & Mason, 2011).

Present study
This study aims at extending current research on learning strategies in the SAL field by
combining offline and online measures at a general and task-specific level. Previous
research showed lower, but still convergent, validity between self-reported general and
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task-specific measures (Endedijk & Vermunt, 2013; Veenman, 2005; Veenman et al.,
2003). Self-reports raises questions about the learners' abilities to reflect on and
verbalise cognitive processes (Penttinen et al., 2013) and, therefore, eye tracking offers
an alternative measure, away from self-reports, to monitor online comprehension
processes. In addtion, research has already indicated that individual differences, such as
working memory capacity and prior knowledge, are reflected in eye tracking measures
(Kaakinen et al., 2002; Kaakinen et al., 2003), but so far no attempt has been made to
test whether individual differences in learning strategies can be reflected in eye tracking
measures. Therefore, two research questions are central in this study: (1) In what way
do students who self-reported to use deep levels of processing, show higher rereading
times? As described in the theoretical framework, longer second pass reading times are
an indication of deeper cognitive processing and attempts to resolve comprehension
problems (Ariasi & Mason, 2011; Holmqvist et al., 2011; Penttinen et al., 2013; van Gog
& Jarodzka, 2013). Thus, our hypothesis is that students scoring highly on deep levels of
processing will show higher rereading times. Answers on this research question can
provide more insight into how eye tracking measures offer convergent or divergent
evidence for the self-reported strategy use. Research using self-report measures has
suggested that students using deep levels of processing focus on essences and key aspects in the text, while students using surface levels of processing focus on learning
details and definitions (Marton & Säljö, 1976; Vermunt & Vermetten, 2004). Therefore,
interesting AOI's are key sentences and sentences containing details in a text and one
more research question is central in this study: (2) In what way do students, with
different learning profiles, show different reading times (first pass and second pass) for
key sentences, detailed sentences and other sentences? If levels of processing influence
early on in reading to learn, it will affect the first pass reading time and if it influences
the integration of information more, it will affect the rereading time (Hyönä et al.,
2003). Our hypothesis is that students who reported using deep levels of processing and
less surface levels of processing, will show higher reading times for key sentences in
comparison with other and detailed sentences. For students who reported using surface
levels of processing and less deep levels of processing, our hypothesis is that they will
show higher reading times for detailed sentences in comparison with other and key
sentences. By answering these research questions, we want to clarify how students
process information in texts, and to what extent this is related to their perceptions on
learning strategies. In this way, we want to track the rich history of self-report
questionnaires back to the inception of the SAL field, which has its roots in reading and
learning from academic texts (Richardson, 2015).
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Methodology
Participants
Twenty first-year psychology students participated in the eye tracking study. All students had normal or corrected to normal vision, participated on a voluntarily basis and
informed consent was gathered.

Procedure
Students were asked to study an expository text on a course interest related topic that
was not part of the curriculum, namely, research on positive psychology. The text (774
words) was selected and adapted from the Dutch version of 'The World Book of Happiness' (Bormans, 2010). By written instructions on the screen, students were asked to
study the text in order to answer questions on the content afterwards. No information
was given on what type of questions they would receive. They received questions about
details in the text and questions on deeper comprehension (e.g., give a short summary
of the text in your own words). The task was tested in a pilot study with five students.
While studying the text in a self-paced manner, students' eye movements were registered. The complete text could be processed on one screen, so scrolling was not needed. After processing the text, students were asked whether they had any prior
knowledge on the topic and all students indicated it was a new topic for them.
The Tobii TX300 eye tracker (dark pupil tracking) was used. The eye tracking component
was integrated into a 23-inch TFT monitor with a maximum resolution of 1920 x 1080
pixels. The eye tracking camera sampled data binocular at the rate of 300 Hz. A head
stabilization system was not required and head movement was allowed (37 x 17 cm).
Tobii Technology (Stockholm, Sweden) reported a gaze accuracy of 0.4° and gaze precision of 0.15°. The eye tracker latency was between 1.0 and 3.3 milliseconds. Eye movements were recorded with Tobii-Studio (3.2) software. Before starting the experiment,
the students' eye movements were calibrated. For the calibration, students were seated
about 60 cm from the screen and a five-point calibration procedure was used in which
students needed to track five red calibration dots on a plain, grey background. When
the calibration was successful, the eye tracking procedure was started.
Each sentence in the text was coded as a key sentence (N = 10), a sentence containing
detailed information (N = 7) and the remaining sentences were coded as a sentence
containing other information (N = 29). A key sentence is a superordinate sentence that
integrates several of the sentences in the paragraph (Hyönä et al., 2002). The detailed
sentence code was used when detailed information was given about a concept. All the
other sentences were coded as sentences containing other information. Three judges
coded the sentences in the text and an inter-rater agreement of 52 % was reached
(Fleiss' kappa), which is considered as moderate. For the sentences where no agree-
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ment was reached, the three judges reached a consensus through discussion. We compared the different AOI's in the text on lexical and sentence complexity measures in Tscan (Table 1) (Pander Maat et al., 2014). The results indicate that there was no difference between AOI's on lexical complexity. With regard to sentence complexity, post hoc
Tukey contrasts indicated that key sentences were significantly longer than sentences
containing other information, but they were not more difficult (D-level). Thus, we can
be sure that when students look differently at these AOI's, it is not due to differences in
complexity of the sentences, as the measures will be normalized for length.
Table 1 Comparison of the different AOI's on lexical and sentence complexity (ANOVA)
Detailed sentence

Key sentence

Other sentence

ANOVA

M

M

M

F

SD

SD

SD

p

η p2

Lexical complexity
Word length (number of
letters per word)

5.51

1.30

5.43

.57

5.47

.96

.02

.99

.00

Word frequency log

4.59

.65

4.81

.37

4.74

.49

.43

.65

.02

Lemma frequency log

4.72

.63

4.94

.41

4.91

.49

.46

.63

.02

17.57

7.18

21.80

7.19

14.72

6.84

3.9

.03

.15

1.86

1.68

4.20

2.35

2.31

2.44

2.94

.06

.12

Sentence complexity
Sentence length (number of
words per sentence)
D-level

In line with eye tracking research in reading comprehension (Ariasi et al., 2017; Hyönä &
Lorch, 2004; Hyönä et al., 2003; Yeari et al., 2016), first pass fixation duration, second
pass fixation duration and total fixation duration were calculated per AOI (Table 2). To
control for the length of AOI's, the eye tracking measures were normalized by calculating a milliseconds-per-character measure (Hyönä & Lorch, 2004; Hyönä et al., 2002;
Kaakinen & Hyönä, 2005; Yeari et al., 2015). We used the Tobii fixation filter for fixation
identification, which is an implementation of a classification algorithm as proposed by
(Olsson, 2007). It uses a velocity threshold (35 pixels/window) and a distance threshold
(35 pixels) (Olsen, 2012).
Table 2 Overview of eye tracking measures and definitions
Measure

Definition

First pass fixation
duration

The time spent in an AOI when it was visited for the first time. A visit can consist of
more fixations. It reflects early processing and object recognition.

Second pass fixation Duration of all the regressions back to an AOI. It reflects delayed processing, for
duration
example to integrate information.
Total fixation
duration

The time spent in an AOI during the whole trial, it is the sum of the first pass fixation
time and the second pass fixation time in that AOI.

Table adapted from Catrysse et al. (2016) and definitions adapted from Holmqvist et al. (2011) and Hyönä et
al. (2003).
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Analysis
Eighty students completed the Inventory of Learning Styles – Short Version (ILS-SV)
(Coertjens, Donche, De Maeyer, Vanthournout, & Van Petegem, 2012; Donche & Van
Petegem, 2008). The self-report questionnaire contained eight items on deep and eight
items on surface levels of processing; items were scored on a 5-point Likert scale. The
reliability of the scales is given in Table 3. A confirmatory factor analysis was conducted
and a good fit was reached for the main scales of levels of processing (>.95 for CFI and
<.05 for RMSEA). In order to select 20 students, a hierarchical cluster analysis was carried out in SPSS (SPSS 23), selecting the squared Euclidean distance and Ward's method
(Bergman & El-Khouri, 2003; Hair, Anderson, Tatham, & Black, 1998). Given the higher
reliability of the main scales, learning profiles were identified based on the main scales’
deep and surface processing. Solutions ranging from two up to four clusters were explored. On the basis of theoretical grounds, parsimony of the cluster solution, and the
explanatory power (the cluster solution should explain more than 50% of the variance in
its dimensions (Milligan & Cooper, 1985), four clusters were selected.
Table 3 ILS-SV subscales and main scales, number of items, item example and reliability
Scale

Items Item example

Cronbach's
Alpha

Deep processing

8

.72

Relating and
structuring

4

I compare conclusions from different teaching modules with each
other.

.60

Critical processing

4

I try to understand the interpretations of experts in a critical way.

.64

Surface processing

8

Analysing

4

I study each course book chapter point by point and look into each
piece separately.

.70

Memorizing

4

I learn definitions by heart and as literally as possible.

.60

.71

The eye tracking data was analysed with generalized linear mixed effects models
(GLMM) with the lme4 package (Bates, Maechler, Bolker, & Walker, 2015) in R with the
Rstudio interface. Mixed effects models are statistical models that incorporate random
and fixed effects (Baayen, 2008; Baayen, Davidson, & Bates, 2008; Snijders & Bosker,
1999). Subjects and sentences are considered as crossed random effects (Baayen, 2008;
Baayen et al., 2008). This is relevant for our research, because we wish to jointly generalize our findings to other participants and sentences (Baayen, 2008; Baayen et al.,
2008; Quené & van den Bergh, 2008). By using mixed effects models, we were able to
take into account the variability in students and sentences (Baayen, 2008; Baayen et al.,
2008) and these models captured the within-participant correlation among sentences
(Quené & van den Bergh, 2008). In addition, the analysis was performed at the sentence level and thus on 920 data points (Table 4), by which mixed effects models offer
more power than traditional methods such as ANOVA's (Quené & van den Bergh, 2008).
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Table 4 Number of data points in the analysis per learning profile and per sentence type
Learning profile

Sentence type

Number of data points

Total number of data points

All-low

Details

42

276

Key

60

Other

174

Details

35

Key

50

Other

145

Details

35

Key

50

Other

145

Details

28

Key

40

Other

116

Surface

Deep

All-high

230

230

184

Eye tracking duration measures were heavily skewed (Baayen, 2008; Hoffman & Rovine,
2007; Holmqvist et al., 2011). In order to deal with the skewness, the data can be logarithmically transformed (Baayen, 2008; Baayen et al., 2008; Hoffman & Rovine, 2007; Lo
& Andrews, 2015) or non-normal distributions can be incorporated into statistical models (Lo & Andrews, 2015). To check the distribution of the dependent measures, the
fitdistrplus package (Delignette-Muller & Dutang, 2015) was used. In a first step, a Cullen and Frey graph was made for each duration measure (Figure 1, left). In a next step,
the distribution was fitted on the empirical data (Figure 1, right). Fit was assessed
graphically and the gamma distribution fitted all dependent measures the best, compared to the normal and lognormal distribution. Therefore, we used GLMM's with the
gamma distribution (log link).

Figure 1. Distribution of the first pass fixation duration (ms/char)

Separate models were fitted for the first pass, second pass and total fixation duration.
The models included random effects for subjects and sentences, and fixed effects for
the sentence type and learning profile. The detailed sentence served as the baseline for
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the comparison between sentence types. The all-low learning profile acted as the baseline for the comparison between the different learning profiles. In order to compare the
different sentence types and learning profiles with each other, multiple comparisons of
means (Tukey contrasts with bonferroni correction) were calculated using the
multcomp package (Bretz, Hothorn, & Westfall, 2011). In a first step, we fitted a null
model (Hoffman & Rovine, 2007; Peugh, 2010; Snijders & Bosker, 1999). In a next step,
the fixed effects (sentence type and learning profile) were added to the models. In a last
step, the interactions between the fixed effects were added in a new model. Likelihood
ratio testing was used to compare the models, with and without interaction terms,
between the fixed effects (Peugh, 2010).

Results
In order to analyse the eye tracking data, we first identified learning profiles based on
the self-report questionnaires. Four learning profiles were identified: the all-low, surface, deep and all-high profile (Table 5). An all-low profile is characterized by low scores
on both deep and surface levels of processing, a surface profile by a high score on surfacing levels of processing and a low score on deep levels of processing, a deep profile
by a high score on deep levels of processing and a low score on surface levels of processing and an all-high profile by high scores on both deep and surface levels of processing (Figure 2).
Table 5 Means and standard deviations on the main scales (z-score and Liker score (maximum 40)) for each
cluster
Deep

Surface

N

z-scores

Likert

z scores

Likert

All-low

6

-1.14 (.77)

20.40 (3.91)

-.74 (.12)

23.60 (.55)

Surface

5

-.42 (.50)

24.00 (2.55)

.94 (.28)

31.00 (1.22)

Deep

5

.60 (.54)

29.17 (2.71)

-.91 (.36)

22.83 (1.60)

All-high

4

1.06 (.26)

31.50 (1.29)

1.12 (.50)

31.75 (2.22)

ANOVA tests indicated that the learning profiles differed significantly on deep
(F(3,16)=14.78, p < .001) and surface processing (F(3,16)=50.87, p < .001) from each
other. Tukey post hoc comparisons with bonferroni correction showed that, with regard
to the deep dimension, all learning profiles differed significantly from each other except
for the all-high and deep profile (both high on deep) and for the all-low and surface
profile (both low on deep). Concerning the surface dimension, only the all-low and the
deep profile (both low on surface) and the surface and all-high profile (both high on
surface) did not differ significantly from each other.
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Figure 2. Plot of the four learning profiles and their scores on deep and surface strategies (z-scores)

The learning profiles and sentence types were added as fixed effects in the GLMM's.
The estimates for the variance components of the portioned variance of the outcome
are displayed in Table 6, and for the fixed effects in Table 7. The values of the estimates
of the fixed effects reflect the effect of the deep, all-high and surface profile in comparison with the all-low profile and of the key and other sentences in comparison with the
detailed sentences.
Table 6 Parameter estimates of the variance components of the partitioned variance of the outcome for the
random intercept model
FPFD

SPFD

Variance SD

Variance SD

TFD
Variance SD

Variance between students

.27

.52

.04

.19

.03

.16

Variance between sentences

.21

.46

.01

.07

.01

.08

1.03

1.01

.45

.67

.29

.54

Residual variance
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Table 7 Parameter estimates of the fixed effects for the random intercept model
First pass fixation duration

Second pass fixation duration

Total fixation duration

β

SE

z

β

SE

z

pr(>|z|)

β

SE

z

1.97

.30

6.55 <.001

3.57

.15

23.88

<.001

3.81

.14

27.89

<.001

Key

.19

.25

.79

.43

-.09

.10

-.89

.37

-.03

.08

-.41

.68

Other

.31

.21

1.47

.14

-.09

.08

-1.01

.31

-.02

.07

-.23

.82

Deep

.13

.32

.41

.68

.13

.18

.75

.45

.10

.17

.58

.56

All-high

-.45

.35

-1.27

.20

.58

.20

2.95

<.01

.41

.18

2.21

<.05

Surface

.04

.33

.13

.90

.46

.19

2.47

<.05

.35

.17

2.03

<.05

Intercept

pr(>|z|)

pr(>|z|)

Uncorrected p-values are presented in this table. The p-values obtained after controlling for multiple comparisons (Bonferroni correction) are presented in the text.

With regard to the first pass fixation duration, the models with or without interaction
2
terms between the fixed effects did not differ significantly (χ (6)=1.82, p>.05). For the
reason of parsimony, we selected the model without interaction terms, as none of the
interaction terms reached significance. Parameter estimates indicated that there was
no main effect of sentence type on the first pass fixation duration (Key: β=.19, z=.79,
p=.43; Other: β=.31, z=1.47, p=.14). In addition, no main effect was found for the learning profile (Deep: β=.13, z=.41, p=.68; All-high: β=-.45, z=-1.27, p=.20; Surface: β=.04,
z=.13, p=.90), students with different generic learning profiles did not differ in their
reading times during initial processing (Figure 3).

Figure 3. Estimated means and standard errors of the log of the first pass fixation duration (ms/char) for each
learning profile per sentence type

54

Can eye see your levels of processing?
Similar to the first pass fixation duration, the model with and without interaction terms
between the fixed effects did not differ significantly for the second pass fixation dura2
tion (χ (6)=3.11, p>.05), so, for reasons of parsimony, the results of the model without
interaction terms are presented. Similar to the first pass fixation duration, there was no
main effect of sentence type (Figure 4). However, we found a main effect of the learning profile. Tukey post hoc comparisons with the bonferroni correction showed that
students with an all-high learning profile looked back longer on all types of sentences
than students with an all-low learning profile (p=.02). This higher rereading time is an
indication of deeper processing and/or comprehension monitoring.

Figure 4. Estimated means and standard errors for the log of the second pass fixation duration (ms/char) for
each learning profile per sentence type

Concerning the total fixation duration, the model without interaction terms between
2
the fixed effects was the most parsimonious model (χ (6)=5.26, p>.05). Similar to the
first pass fixation duration and second pass fixation duration, no main effect of sentence
type was found (Figure 5). For the total fixation duration, a main effect of the learning
profile was found, but after bonferroni correction for multiple comparisons, none of the
differences between learning profiles remained significant.
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Figure 5. Estimated means and standard errors for the log of the total fixation duration (ms/char) for each
learning profile per sentence type

Conclusion and discussion
The present study aimed at gaining more insight into students' learning strategies when
they were learning from an expository text by combining general self-report questionnaires with task-specific eye tracking data. This study aimed to be innovative in at least
two ways. First, this study has moved the SAL field forward by investigating the variability of learning strategies on a specific task versus a general level (Vermunt & Donche,
2017). Second, eye tracking was used as an online and non self-report measure to monitor students' learning processes. As eye tracking research has a long history of research
in reading, it therefore offers already established eye tracking measures to examine
learning from text (Hyönä et al., 2003; Jarodzka & Brand-Gruwel, 2017). Eye tracking
also showed differences in processing with regard to individual differences (Kaakinen et
al., 2002; Kaakinen et al., 2003), but so far differences in students' learning strategies
were not examined. The combination of different measures at different contextual
levels can yield convergent or divergent views on student learning, which is crucial for
the further conceptual clarification of learning strategies and a comprehensive view on
students learning (Endedijk & Vermunt, 2013; Vermunt & Donche, 2017).
We examined students' eye tracking data according to their general learning profiles.
Similar to previous research, four learning profiles were discerned: all-low, all-high,
deep and surface learning profiles (Lindblom-Ylänne & Lonka, 1998, 2000;
Vanthournout et al., 2013). The first research question aimed to clarify whether stu-
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dents, who reported using deep levels of processing, showed higher rereading times.
We can conclude that students with a rich repertoire of processing strategies (all-high
learning profile) could be distinguished from students with a limited repertoire of processing strategies (all-low learning profile) with eye tracking measures. All-high students, who reported using both deep and surface levels of processing, took more time
to reread the text than students with an all-low learning profile. Based on previous eye
tracking research on rereading times, we can conclude that all-high students show
deeper cognitive processing and comprehension monitoring during learning from expository text (Ariasi et al., 2017; Ariasi & Mason, 2011; Holmqvist et al., 2011; Penttinen
et al., 2013). However, students with a deep learning profile did not differ from students with a surface learning profile. This may indicate that eye tracking measures are
not influenced by the nature of deep and surface levels of processing, but only by the
multiple use of processing strategies, namely high versus low. In addition, we also believe that this study shows the interplay between cognitive processing and regulation
strategies as reflected in the eye tracking measures. All-high learners are often characterized by scoring high on regulation strategies, while all-low students are characterized
by lacking regulatory skills (Donche et al., 2010; Donche & Van Petegem, 2009). As rereading time seems both sensible for deeper cognitive processing and comprehension
monitoring (Ariasi et al., 2017; Ariasi & Mason, 2011; Holmqvist et al., 2011; Penttinen
et al., 2013), this may be the reason why we can only distinguish between all-high
(characterized by both cognitive strategies and regulation strategies) and all-low students (characterized by a lack of cognitive and regulation strategies).
The second research question aimed to shed light on how students with different learning profiles, show different reading times for key, detailed and other sentences. Based
on the results of the general self-report questionnaires, we expected that students who
scored high on deep levels of processing would focus more on the essences in the text
and students who scored high on surface levels of processing would focus more on
details in the text (Vermunt & Vermetten, 2004). Students with an all-high an all-low
learning profile showed no differences in processing key, detailed and other sentences.
As these students either scored high or low on both levels of processing, this was in line
with what we would expect from theory. However, students with a deep profile scored
high on deep and low on surface levels of processing, and they also processed key sentences and detailed sentences for the same amount of time. Also, students with a surface learning profile, who reported using more surface than deep levels of processing,
did not show differences in processing time between key and detailed sentences. Thus,
it seems that students with a deep and surface profile spend the same amount of time
on different sentence types when learning from text. This may be an indication that
what students report to usually do when learning, is actually not happening this way
when they are learning from text. At least not when they study an expository text at
one point in time. For future research, it would be interesting to give students the same
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text at different time points, in order to investigate whether they look differently at key
sentences, detailed sentences and other information later in time. It seems plausible
that these effects are only visible at later points in time than already from the beginning, when they need to get familiar with the text topic. Differences in reading time can
also be influenced by the reading or learning goal (Yeari et al., 2015). We instructed
students to read the text in order to answer questions on the content afterwards. Research of Yeari et al. (2015) has already indicated that students did not process central
and peripheral ideas differently when they were instructed to answer questions on the
content afterwards. However, they did process central and peripheral ideas differently
when they were reading for entertainment or in order to give a presentation afterwards. For future research, it would thus be interesting to give students different reading tasks and reading goals as well. Another reason why we did not detect differences
between sentence types, which is a strength of our analysis, is that we did not aggregate on sentence type but added sentences as random effects in the mixed effects
models by which the chance for false positives decreases (Quené & van den Bergh,
2008). So, if we generalize to other sentences, no differences can be found between
key, detailed and other sentences. Although it is important to generalize over sentences
(Baayen, 2008; Quené & van den Bergh, 2008), other eye tracking research has often
not taken this into account, except for the study of Ariasi et al. (2017).
Based on this study, we can conclude that rereading time can be used to distinguish
between all-high and all-low students. In addition, we can conclude that students with
different learning profiles spend the same amount of time on processing keys, details
and other information in the text when they need to answer questions on the text afterwards. Although findings from this study contribute to the SAL field, this study also
has some limitations. First, students needed to process the text on a computer screen
to be able to use the eye tracking equipment. This does not reflect the natural setting in
which students normally process learning contents (Catrysse et al., 2016). A second
limitation of this study is that we were not able to explain why students with different
learning profiles processed the text differently and why students within a learning profile processed the different sentence types in the same way. By linking the results of
general self-report questionnaires to the eye tracking data, we gained more insight into
the nature of learning strategies and not into how well they were executed. As a further
step when investigating learning strategies, we advise for future research to conduct a
similar eye tracking study followed by a cued retrospective think-aloud in order to get
more information on the reasons for processing behaviour (Catrysse et al., 2016; van
Gog & Jarodzka, 2013), which can refer to important motivational and/or regulatory
conditions that need to be present in order to understand the quality of learning strategies. The higher rereading time we found in this study is an indication of deeper processing and/or comprehension monitoring, but a cued retrospective think-aloud can
provide more insight into the nature of these cognitive and metacognitive learning
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activities. Furthermore, a path for future research is to include self-report questionnaire
items on regulation strategies as well. Another limitation of this study is that we did not
analyse students' learning outcomes because our main interest was on the learning
process rather than on the learning outcome. However, it would be interesting to take
learning outcomes into account in future research in order to analyse the relationship
between learning strategies, eye tracking measures and learning outcomes. Other research has already shown links between learning outcomes and eye tracking measures
(Ariasi et al., 2017; Ariasi & Mason, 2011), as well as between learning strategies and
learning outcomes (Dent & Koenka, 2016). Despite these limitations, we also want to
emphasize the statistical strength of this study. We used generalized linear mixed effects modelling to analyse the data and by doing that we were able to generalize findings over other students and sentences (Baayen, 2008; Baayen et al., 2008; Hoffman &
Rovine, 2007). This is important, because we sampled both students and sentences
from a larger population (Quené & van den Bergh, 2008). By applying mixed effects
models, the power was raised as well (Baayen et al., 2008; Quené & van den Bergh,
2008). Only twenty students participated in this eye tracking study, but the learning
profiles differed significantly from each other on deep and surface processing. If general
self-report questionnaires are an indication of students' task-specific levels of processing, we would be able to see it in the eye tracking data. Although we had more than
a sufficient number of data points for the analysis done in the present study, we strongly suggest replicating this study and to include more participants since this is one of the
first studies to unravel the relation between self-reported levels of processing and eye
tracking. We also advise to add more than one text in the study in order to be able to
generalize the findings over several texts as well.
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It is not only about the depth of
processing: What if eye am not
interested in the text?

This chapter is based on:
Catrysse, L., Gijbels, D., & Donche, V. (Submitted).
It is not only about the depth of processing:
What if eye am not interested in the text?
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Abstract
This study aims at extending current research on how the interplay between cognitive
processing and topic interest shapes the online learning process of students when
learning from expository texts. We used eye tracking to monitor the reading and learning behaviour of 31 students in higher education. In addition, we used self-report questionnaires to map students’ general disposition towards deep and surface processing
and their topic interest. Cued retrospective think-alouds were conducted to capture
students’ levels of processing during learning from text. We examined the interplay
between levels of processing and topic interest on eye movement measures. Results
indicate that highly interested students who use more deep processing reread key sentences longer than detailed sentences and thus process these sentences more deeply.
This study advances present knowledge in the field by focusing on the online learning
process and stresses the importance of giving students learning contents that spark
their interest.
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Introduction
One of the main goals of educational research is to understand and enhance the quality
of learning (Kendeou & Trevors, 2012). An essential academic skill in higher education is
reading and learning from expository texts (Ariasi et al., 2017; Catrysse et al., 2018;
O'Brien et al., 2015). During reading, students make a mental representation of the text
(Kendeou & Trevors, 2012). Not all students construct this mental representation in the
same way because important student characteristics shape how students will make
sense of what they read (Fox, 2009; Jarodzka & Brand-Gruwel, 2017; Kendeou &
Trevors, 2012). An important cognitive student characteristic for text learning is students’ cognitive processing, such as deep and surface processing (Dinsmore &
Alexander, 2016; Merchie & Van Keer, 2014a). Deep processing refers to meaningful
learning of the material such as elaborating on the text, while surface processing refers
to rote memorization such as literally retelling the text (Vermunt & Donche, 2017).
Although the relation between cognitive processing and text learning has been examined with think-aloud protocols (Dinsmore & Alexander, 2016; Merchie & Van Keer,
2014a; Pressley & Afflerbach, 1995) and eye tracking (Catrysse et al., 2018; Catrysse et
al., 2016), there is an even vaster amount of research that examined students’ general
disposition towards deep and surface processing over a whole course or academic year
(Fryer, 2017; Vermunt & Donche, 2017). Students’ general disposition towards deep
and surface processing can also have an important influence on how they learn from
texts (Kirby et al., 2012), especially on what they perceive to be relevant or important in
the text (Kendeou & Trevors, 2012). In addition, researchers have already highlighted
the importance of motivational conditions in order to understand the quality of cognitive processing (Kirby et al., 2012; Vermunt & Vermetten, 2004). This implies that cognitive student characteristics alone are not sufficient to explain differences in text learning. An important motivational student characteristic for text learning is interest
(Alexander & Jetton, 1996; Krapp, 1999; Renninger & Hidi, 2016). However, previous
research has often neglected the interaction between cognitive processing and interest
when investigating learning from expository text (Kendeou & Trevors, 2012). The few
studies that examined the interplay between interest and cognitive processing focused
on the learning product and not on the learning process (Krapp, 1999; Schiefele, 1999,
2012; Schiefele & Krapp, 1996). Although the offline product of reading is influenced by
the online learning process (Kendeou & Trevors, 2012; Kintsch, 1998), much of the
learning takes place during reading and thus it is important to gain in-depth insight into
the learners’ online process (Kendeou & Trevors, 2012). This study aims at extending
current research on how the interplay between cognitive processing and interest
shapes the online learning process of students when learning from expository texts.
Before focusing on the present study, the relation between student characteristics and
text learning, as well as measures that tap into the online learning process, are discussed below.
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Student characteristics and text learning
Cognitive and motivational student characteristics shape how students build a mental
representation during text learning (Fox, 2009; Jarodzka & Brand-Gruwel, 2017;
Kendeou & Trevors, 2012). With regard to cognitive processing, a main distinction has
been made between deep and surface processing (Vermunt & Donche, 2017). These
different levels of processing are distinguished in current models of reading and learning from text, such as the Model of Domain Learning (Alexander, 1997), the Construction-Integration Model of Comprehension (Kintsch, 1998), models on Self-Regulated
Learning (Pintrich, 2004) and models related to Students' Approaches to Learning
(Richardson, 2015), such as the Learning Pattern Model (Vermunt & Donche, 2017).
According to these models, deep processing refers to the intention to understand what
the author wants to say in the text, to engage in meaningful learning, to relate the content of the text to a wider context and prior knowledge, and to focus on the main
themes and key information in the text. Surface processing refers to focusing on the
learning content without looking for meaning, focusing on parts of the text in sequence,
and to focus on details and definitions (Alexander, 1997; Kintsch, 1998; Marton & Säljö,
1976; Pintrich, 2004; Richardson, 2015; Vermunt & Donche, 2017).
The different models of reading and learning from text stress the importance of motivational conditions for reading and learning which affect the quality of students’ cognitive
processing (Alexander, 1997; Pintrich, 2004; Vermunt & Donche, 2017). An important
motivational condition for text learning is interest (Alexander & Jetton, 1996; Krapp,
1999; Renninger & Hidi, 2016). Different models of reading and learning from text highlighted the importance of interest for deeper cognitive processing (Alexander, 1997;
Pintrich, 2004; Vermunt & Donche, 2017). In the literature on interest, there is a main
distinction between individual interest and situational interest (Clinton & van den
Broek, 2012; Renninger & Hidi, 2016). Individual interest refers to a persons' habitual
interest in a specific domain, while situational interest is a more short-lived state that is
induced by characteristics of the environment (Hidi, 2001; Schiefele, 1999, 2012). There
is a debate on whether topic interest is a form of individual interest or situational interest, and some researchers believe it can be an indicator of both types of interest
(Clinton & van den Broek, 2012; Renninger & Hidi, 2016; Schiefele, 2012), but both
types of interest have a positive influence on the quality of learning (Clinton & van den
Broek, 2012; Hidi, 2001). Research on topic interest in the field of text learning, has
looked into specific sentences of the text that students did, or did not, define as main
ideas (McWhaw & Abrami, 2001). The study of McWhaw and Abrami (2001) showed
that high-interest students identified the main ideas in the text better than low-interest
students.
Previous studies have investigated the interplay of topic interest, as a form of individual
interest, and deep and surface processing, when learning from text (Schiefele, 1996,
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1999; Schiefele & Krapp, 1996). There is some evidence that topic interest is related to
deep-level learning outcomes (Schiefele, 2012). Research of Schiefele (1999) and
Schiefele and Krapp (1996) indicated that topic interest was related to deep-level learning outcomes, such as deep comprehension, recall of main ideas, elaborations and coherence of recall of main ideas. Krapp (1999) also showed that topic interest was associated with deep processing, both with students’ general disposition for deep processing and with deep processing measured after studying for exams. The strong associations between interest and deeper processing may be explained by the fact that
deeper processing requires more cognitive effort from students and that interested
readers are more willing to invest effort in learning than less interested readers
(Schiefele, 2012).

Measures that tap into the online learning process
The interplay between topic interest and levels of processing has been examined at the
learning outcome level and not on the level of the learning process (Krapp, 1999;
Schiefele, 1999, 2012; Schiefele & Krapp, 1996). Often used measures that tap into the
online text learning process are think-aloud protocols (Fox, 2009; Pressley & Afflerbach,
1995) and eye tracking (Hyönä et al., 2003; Jarodzka & Brand-Gruwel, 2017). These
measures have been used to look at students’ deep and surface processing during the
online learning process (Catrysse et al., 2018; Dinsmore & Alexander, 2016). Different
measures capture different aspects of learning behaviour and all have their advantages
and disadvantages. The think-aloud method offers a rich source of data, but it can alter
processing itself as students need to perform a learning task and concurrently report on
their processing (Ericsson & Simon, 1993; Veenman, 2005). Previous research using
think-aloud protocols when learning from text showed that deep processing activities
include critiquing the reading, linking the text to prior knowledge, paraphrasing parts of
the text, interpreting information in the text, linking the text to personal experiences
and elaborating. Surface processing activities refer to rereading parts of the text, literally retelling and rehearsing (Dinsmore & Alexander, 2016; Fox, 2009; Merchie & Van
Keer, 2014a, 2014b; Pressley & Afflerbach, 1995; Schellings, van Hout-Wolters,
Veenman, & Meijer, 2012).
According to Hyönä and Lorch (2004) eye tracking is an attractive method for investigating text related processing in comparison with other online measures because eye
tracking collects several indices of processing simultaneously and does not disrupt students’ processing. However, eye tracking data still needs to be interpreted by the researcher and to reduce the amount of inferences required by the researcher, eye tracking data can be combined with other types of measures, such as verbal reports (Hyönä,
2010; van Gog & Jarodzka, 2013). Because concurrent reporting can affect eye movement patterns, cued retrospective reporting offers a good alternative in combination
with eye tracking (van Gog & Jarodzka, 2013). In cued retrospective reporting, students
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are shown their eye movements as a cue to verbalize on their learning behaviour. Using
eye movements as a memory cue may help learners help to recover how they processed elements in the text (Hyönä, 2010; Penttinen et al., 2013) and if done immediately after reading the text, students are still able to report on their processing
(Veenman, 2005). Eye movement data can also be combined with self-report questionnaires that capture students’ general disposition towards cognitive processing (Catrysse
et al., 2018). Because the different measures capture different aspects of the learning
process, it is important to combine different measures in order to get a more comprehensive picture of what is happening during learning (Endedijk & Vermunt, 2013;
Vermunt & Donche, 2017).
In eye tracking research, first pass and second pass reading times are often used to gain
insight into global text processing (Hyönä et al., 2003; Jarodzka & Brand-Gruwel, 2017).
Longer second pass reading or rereading times are an indication of high-level or deeper
cognitive processing (Ariasi & Mason, 2011; Holmqvist et al., 2011; Penttinen et al.,
2013), strategic attempts to resolve comprehension problems or further text comprehension (Ariasi et al., 2017; Hyönä & Lorch, 2004; Hyönä et al., 2002; Hyönä et al., 2003;
Kinnunen & Vauras, 1995), comprehension monitoring (van Gog & Jarodzka, 2013),
difficulty with text passages (Rayner et al., 2006) and attempts to reinstate information
into working memory in order to elaborate or rehearse that information (Hyönä &
Lorch, 2004). Eye tracking researchers in the field of text learning, have looked into
specific words or sentences of the text that readers/learners did, or did not, process
carefully by means of an area of interest (AOI) analysis (Holmqvist et al., 2011; Jarodzka
& Brand-Gruwel, 2017). With an AOI analysis, researchers explored whether students
reread several AOI’s longer than other AOI’s. Research focused on processing differences between topic-introducing, topic-medial and topic-final sentences (Ariasi et al.,
2017; Hyönä & Lorch, 2004), between relevant and irrelevant parts in the text (Kaakinen
& Hyönä, 2005, 2007), between central versus peripheral ideas in the text (Yeari et al.,
2016; Yeari et al., 2015), and between key sentences and detailed sentences in the text
(Catrysse et al., 2018; Catrysse et al., 2016). Findings are rather mixed with regard to
differences between topic-introducing, topic-medial and topic-final sentences (Ariasi et
al., 2017; Hyönä et al., 2002). Eye tracking research has indicated that readers spend
more time on relevant than irrelevant parts of the text (Kaakinen & Hyönä, 2007;
Kaakinen et al., 2002) and that readers process central ideas more thoroughly than
peripheral ideas in the text (Yeari et al., 2016; Yeari et al., 2015). Up until now, eye
tracking research showed no differences in processing key sentences and detailed sentences in relation to students' deep and surface processing (Catrysse et al., 2018).

Present study
This study aims to extend current research on how the interplay between cognitive (i.e.,
cognitive processing) and motivational (i.e., topic interest) student characteristics
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shapes the online learning process of students when learning from expository texts. The
current models of learning and reading from text stress the importance of motivational
conditions for how students learn, and recognize that cognitive characteristics alone are
not sufficient to explain differences in the quality of learning (Alexander, 2005; Pintrich,
2004; Vermunt & Donche, 2017). Eye tracking is used to monitor students’ online learning and reading process while learning from expository text. Eye tracking data was combined with other measures that tap into the quality of cognitive processing. Because
students’ general dispositions may influence what they perceive as important in a text
(Kirby et al., 2012), we collected information on deep and surface processing with a selfreport questionnaire. In addition, through a cued retrospective think-aloud, we asked
students to verbalize how they learned from the text in order to capture more information on students’ levels of processing during learning. By collecting different
measures that capture different aspects of learning behaviour, we gained a more comprehensive understanding of what is going on during the learning process (Endedijk &
Vermunt, 2013; Vermunt & Donche, 2017).
First, we aim to clarify in what way individual differences in cognitive processing alone
are reflected in reading times. Previous research on students' processing has suggested
that students using deep processing focus on the essence and key aspects in the text
rather than on details and definitions. For students using surface processing, they focus
on details and definitions rather than the essence or key aspects in the text (Marton &
Säljö, 1976; Vermunt & Vermetten, 2004). Longer second pass reading times indicate
deeper cognitive processing (Ariasi & Mason, 2011; Holmqvist et al., 2011; Penttinen et
al., 2013). Therefore, we expect that students using more deep processing will show
higher rereading times for key sentences in comparison with sentences containing details and students using more surface processing will show higher rereading times for
detailed sentences in comparison with key sentences.
Second, we address the interplay between topic interest and cognitive processing on
the online learning process. As topic interest has been positively associated with deeper
levels of learning outcomes (Schiefele, 1996, 1999; Schiefele & Krapp, 1996) and longer
second pass reading times indicate deeper cognitive processing (Ariasi & Mason, 2011;
Holmqvist et al., 2011; Penttinen et al., 2013), we expect that highly interested students
who use more deep processing will show higher rereading times for key sentences in
comparison with detailed sentences. Because previous studies did not show a link between surface levels of processing and topic interest (Schiefele, 1996, 1999; Schiefele &
Krapp, 1996), we do not expect an interplay between surface processing and topic interest on eye movement measures.
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Methodology
Participants
The participants for our study were higher education freshmen in social sciences. First,
449 students completed a questionnaire on their general dispositions towards deep and
surface processing strategies. A purposeful sample of students (N=42, 29 females) with
a variety of reported deep and surface strategy use was selected for the eye tracking
procedure. Due to calibration problems and common problems with data quality
(Holmqvist et al., 2011), data of 31 participants with a mean age of 20.23 (SD = 2.12)
was available for the analyses. The participants received a small reward and informed
consent was obtained. All participants had normal or corrected-to-normal vision, reported having no learning disorders, and Dutch was their native language.

Material and apparatus
Self-report questionnaire on processing strategies
In order to measure students' general disposition towards processing strategies, the ILSSV questionnaire (Vermunt & Donche, 2017) was administered. The self-report questionnaire contained eight items on deep (α=.75) and eight items on surface processing
(α=.75). All items were scored on a 5-point Likert scale. A confirmatory factor analysis
was conducted and a good fit was reached (>.95 for CFI and <.05 for RMSEA). The deep
scale contained items on relating and structuring and critical processing, while the surface scale contained items on memorizing and analysing the learning content.
Learning task
Students were asked to study three expository texts on positive psychology. Positive
psychology was not included in their curriculum, so participants had little prior
knowledge on the topic in order to avoid the confounding effect of prior knowledge.
Texts were adapted from the World book of Hope (Bormans, 2015). The topics of the
texts were on hope and happiness (414 words), the tyranny of positive thinking (386
words) and music and hope (392 words). Each text consisted of four paragraphs. The
three texts were similar on lexical and sentence complexity, as checked with T-Scan
(Pander Maat et al., 2014). In addition, three first year students also read the texts and
they indicated that the texts were similar and not too difficult for their reading level.
Eye tracking equipment
The Tobii TX300 eye tracker (dark pupil tracking) was used to collect students' eye
movements. The eye tracking component is integrated into a 23-inch TFT monitor with
a maximum resolution of 1920 x 1080 pixels. The eye tracking camera sampled data
binocularly at the rate of 300 Hz. A head stabilization system was not required and head
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movement was allowed (37 x 17 cm). Tobii Technology (Stockholm, Sweden) reported a
gaze accuracy of 0.4°, gaze precision of 0.15°, and latency between 1.0 and 3.3. milliseconds for this eye tracker. The eye movements were recorded with Tobii-Studio (3.2)
software.
Topic interest
After each text, students' topic interest was measured with a topic interest measure
developed by Schiefele (Schiefele, 1990, 1996; Schiefele & Krapp, 1996). The interest
scale was comprised of two parts: feeling-related and value-related valences. In the first
part, participants were asked to indicate how they felt while reading the text ("stimulated", "engaged", "bored", and "interested"). In the second part, participants were asked
to rate the personal meaning of the topic to them ("meaningful", "useful", and "worthless"). Each text was rated on these seven items from 1 ("Completely disagree") to 7
("Completely agree"). For each participant, a topic interest score was calculated by
adding the components of feeling-related and value-related valences. Prior research
showed that this measure of topic interest is one-dimensional and reliable (Schiefele,
1990, 1996; Schiefele & Krapp, 1996). In the present study, a reliability score of .91 was
reached for the first text, and .87 for the second and third text (Cronbach's alpha).
Cued retrospective think-aloud (CRTA)
The replay of eye movements was analysed for the last text that the students processed. The CRTA was conducted by using the gaze videos produced by Tobii Studio
software (3.2). In the gaze video, a moving red dot represented the point of fixation and
the size of the dot was an indication of how long a fixation lasted. The replay was
slowed in order to give the participant time to verbalize what they were doing. The
researcher instructed students to watch the replay and to explain how they were studying the text and occasionally stopped the video and asked questions about the studying
behaviour, such as 'Here you fixated a lot, what where you doing?' or 'Here you are
going back in the text, what were you doing?'. The retrospective think-aloud was recorded with screencast software to capture both the eye movement replay and the students’ verbalizations.

Procedure
The experiment was conducted individually for each participant during a one-hour session. The data collection was part of a bigger research program and consisted of three
parts: a self-report questionnaire on deep and surface processing, an eye tracking procedure and a cued retrospective think-aloud (CRTA). First, students completed a selfreport questionnaire on their general dispositions towards deep and surface processing
as a part of orienting entrance tests at the start of the academic year. Informed consent
was obtained to use these data. For the eye tracking procedure, students signed an
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informed consent as well. They then received written instructions on the screen for the
learning task. They were asked to study the texts as if they were preparing for their
exams. After that, the eye tracker was calibrated using a nine-point calibration procedure in which students needed to track nine red calibration dots on a plain, grey background. Students were seated about 60 cm from the screen for the calibration and the
eye-tracker was recalibrated before each text. Texts were presented one at a time on
the screen, so scrolling was not needed. Studying was self-paced and the presentation
order of the texts was counterbalanced across participants. After studying the last text,
a retrospective think-aloud was conducted on the last text.

Analysis
Cued retrospective think-aloud
The CRTA's were transcribed from the audiotapes and coded based on an already developed coding scheme of Merchie and Van Keer (2014b). Based on conceptual models
on learning from text and previous research with think-aloud protocols, we divided the
cognitive strategies into deep or surface processing activities (Catrysse et al., 2016;
Dinsmore & Alexander, 2016; Pressley & Afflerbach, 1995). Each activity, its description,
and an example are displayed in Table 1. Transcripts were coded with the qualitative
analysis software package Nvivo 10. Similar to the study of Dinsmore and Zoellner
(2017), we calculated a depth of processing measure by taking the number of deep
processing activities divided by the total number of processing activities (surface and
deep processing).
Table 1 Coding scheme CRTA
Category

Subcategory

Example

Deep processing

Arguing with the text

'I did not agree with the text content here. The idea
that positive thinking can heal cancer is just strange.'

Elaborating: Activating prior
knowledge

'I just read the title and wonder about the topic of the
text.'

Elaborating: Relating prior
knowledge to the text

'I was thinking about a presentation from last year and
tried to link it to the text.'

Elaborating: Relating personal
experiences to the text

'I was reading about optimism and realised that a lot of
people say that I am a more pessimistic person.'

Interpreting

'I am trying to find the link between the title and this
part of the text.'

Paraphrasing

'I tried to summarize the text in my own words.'

Surface processing Rehearsing
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'I tried to memorize that part, by rehearsing it a few
times.'

Rereading for memorization

'I was rereading that sentence in order to memorize it.'

Rereading for comprehension

'I was rereading that part in order to comprehend it
better.'
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Eye movement data
We used the Tobii fixation filter for fixation identification, which is an implementation of
a classification algorithm proposed by Olsson (2007). It uses a velocity threshold (35
pixels per window) and a distance threshold (35 pixels) (Olsen, 2012). For each sentence
in the text, an area of interest (AOI) was defined. Each sentence in the text was coded
as a key sentence, a sentence containing detailed information, or a sentence containing
other information. A key sentence is a superordinate sentence that integrates several of
the sentences in the paragraph (Hyönä et al., 2002). The detailed sentence code was
used when detailed information was given about a concept. All the other sentences
were coded as sentences containing other information. Two judges coded the sentences in the text and an inter-rater agreement of .89 was reached (Cohens' kappa). When
no agreement was reached on the sentence code, the two judges reached consensus
about the code through discussion. T-Scan indices indicated that there were no differences between AOI's on lexical and sentence complexity (Pander Maat et al., 2014). In
line with eye movement research in reading comprehension (Ariasi et al., 2017;
Catrysse et al., 2018; Yeari et al., 2016), first pass and second pass fixation duration
were calculated per AOI. To control for the length of AOI's, the eye tracking measures
were normalized by calculating a milliseconds-per-character measure (Catrysse et al.,
2018).
The eye movement data was analysed with linear mixed effects models (LMM) with the
lme4 package (Bates et al., 2015) in R and with the Rstudio interface. Mixed effects
models are statistical models that incorporate random and fixed effects (Baayen, 2008;
Baayen et al., 2008). Subjects, sentences and texts were considered as crossed random
effects (Baayen, 2008; Baayen et al., 2008). This means that we were able to jointly
generalize our findings to other, similar participants, sentences and texts (Baayen, 2008;
Baayen et al., 2008; Quené & van den Bergh, 2008). In addition, the analysis was performed at the sentence level and thus on 1,724 data points, by which mixed effects
models offer more power than traditional methods such as ANOVAs (Quené & van den
Bergh, 2008). Separate models were fitted for the first pass and second pass fixation
duration. Three models per measure were fitted: (1) an LMM with students, sentences
and texts as random effects and sentence type, topic interest and the score for deep
processing (self-report questionnaire) as fixed effects, (2) an LMM with students, sentences and texts as random effects and sentence type, topic interest and the score for
surface processing (self-report questionnaire) as fixed effects and (3) an LMM with
students, sentences and texts as random effects and sentence type, topic interest and
the score for depth of processing (CRTA, see section 3.5.1) as fixed effects. The interactions between the fixed effects were also incorporated into the models.
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Results
In order to get an overview of the relation between deep processing, surface processing
and depth of processing, correlations were computed. There is a moderate positive
relation between deep processing and depth of processing (r=.41, p=.02), no significant
negative relation between surface processing and depth of processing (r=-.23, p=.21)
and no significant negative relation between surface and deep processing (r=-.01,
p=.97).

Relations between students’ levels of processing and eye movement measures
Both the relation between students’ general disposition towards deep and surface processing and eye movement measures and the relation between students’ depth of processing during text learning and eye movement measures are examined. With regard to
students’ general disposition, results are displayed for deep processing in Table 2 and
for surface processing in Table 3. The values of the estimates of the fixed effects reflect
the effect of the key and other sentences in comparison with the detailed sentences.
Concerning the model for deep processing (Table 2), parameter estimates indicate that
there is no main effect of sentence type on the first pass fixation duration (Key: β=-.04,
t=-.18, p=.86; Other: β=.14, t=.79, p=.43). In addition, no main effect is found for deep
processing (Deep: β=.14, t=1.44, p=.16). However, there is a significant two-way interaction for sentence type and deep processing (Deep*Keys: β=-.25, t=-2.45, p=.01), meaning that a student who has a higher score on deep processing is looking longer at details
than at key sentences during first pass fixation duration. For the second pass fixation
duration, no significant effects are found for deep processing alone.
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Table 2 Parameter estimates of the random and fixed effects for the random intercept model with deep
processing
Random effects

First pass fixation duration

Second pass fixation duration

Variance SD

Variance SD

Student

.16

.40

.23

.48

Sentence

.22

.47

.04

.20

Text

.00

.00

.01

.08

Residual

1.74

1.32

.98

.99

Fixed effects

β

SE

pr(>|t|)

β

SE

t

pr(>|t|)

Intercept

1.66

.17

<.001

3.74

.13

29.94

<.001

Interest

.02

.08

.21

.84

-.02

.06

-.32

.75

Deep

.14

.10

1.44

.16

-.14

.10

-1.44

.16

Keys

-.04

.22

-.18

.86

-.02

.11

-.15

.88

Others

.14

.17

.79

.43

-.03

.09

-.34

.74

I*Deep

.05

.07

.71

.48

-.03

.09

-.34

.74

I*Keys

-.04

.10

-.40

.69

-.02

.08

-.24

.81

I*Others

-.15

.08

-1.75

.08

.05

.06

.83

.40

Deep*Keys

-.25

.10

-2.45

.01

.07

.08

.88

.38

Deep*Others

-.06

.08

-.77

.44

.05

.06

.86

.39

I*Deep*Keys

-.08

.10

-.77

.44

.16

.08

2.15

.03

I*Deep*Others

-.05

.08

-.65

.52

.04

.06

.63

.53

t
9.88

With regard to the model for surface processing (Table 3), parameter estimates indicate
a significant main effect of surface processing on the first pass fixation duration (Surface: β=.21, t=2.11, p=.04). Students who score higher on surface processing take more
time during initial reading than students scoring lower on surface processing. In addition, a significant two-way interaction is found for surface processing and sentence type
(Surface*Others: β=-.18, t=-2.25, p=.02), meaning that students scoring higher on surface processing process detailed sentences longer than other sentences during initial
reading. With regard to the second pass fixation duration, no significant effects are
found.
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Table 3 Parameter estimates of the random and fixed effects for the random intercept model with surface
processing
Random effects

First pass fixation duration

Second pass fixation duration

Variance SD

Variance SD

Student

.15

.39

.23

.48

Sentence

.22

.47

.04

.20

Text

.00

.00

.01

.09

Residual

1.74

1.32

.98

.99

Fixed effects

β

SE

pr(>|t|)

β

SE

t

Intercept

1.66

.17

9.95

<.001

3.74

.13

28.38

Interest

.02

.08

.24

.81

-.02

.06

-.42

.68

Surface

t

pr(>|t|)
<.001

.21

.10

2.11

.04

-.09

.10

-.88

.39

-.04

.22

-.20

.84

-.01

.11

-.05

.96

Others

.14

.17

.78

.44

-.03

.09

-.34

.74

I*Surface

.06

.07

.83

.41

-.02

.05

-.31

.76

I*Keys

-.05

.10

-.47

.64

-.01

.08

-.11

.91

I*Others

-.14

.08

-1.73

.08

.06

.06

.94

.35

Surface*Keys

-.18

.10

-1.77

.08

.08

.08

1.00

.31

Surface*Others

-.18

.08

-2.25

.02

-.01

.06

-.09

.93

I*Surface*Keys

-.04

.10

-.43

.67

-.01

.08

-.17

.87

I*Surface*Others

-.02

.08

-.19

.85

.05

.06

.75

.45

Keys

The results for the relation between students’ depth of processing during text learning
and eye movement measures are displayed in Table 4. With regard to the first pass
fixation duration, parameter estimates indicate a significant two-way interaction for
sentence type and depth of processing (Depth*Keys: β=-.20, t=-1.95, p=.05), meaning
that a student who has a higher score on depth of processing is looking longer at details
than at key sentences during first pass fixation duration. Concerning the second pass
fixation duration, parameter estimates indicate a significant main effect for depth of
processing (Depth: β=-.20, t=-2.05, p=.05). Students who score higher on depth of processing, thus take less time for rereading.
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Table 4 Parameter estimates of the random and fixed effects for the random intercept model with depth of
processing
Random effects

First pass fixation duration

Second pass fixation duration

Variance SD

Variance SD

Student

.15

.39

.21

.46

Sentence

.22

.47

.04

.20

Text

.00

.00

.00

.07

Residual

1.74

1.32

.98

.99

Fixed effects

β

SE

pr(>|t|)

β

SE

t

pr(>|t|)

Intercept

1.66

.17

<.001

3.74

.12

31.10

<.001

Interest

.03

.08

.45

.65

-.02

.06

-.42

.68

Depth

.14

.10

1.38

.17

-.20

.10

-2.05

.05

-.05

.22

-.20

.84

Others

.13

.17

.77

.44

-.03

.09

-.28

.78

I*Depth

-.02

.07

-.29

.78

-.02

.05

-.38

.71

I*Keys

-.07

.10

-71

.50

-.01

.08

-.19

.85

I*Others

-.16

.08

-1.89

.06

.06

.06

.89

.37

Depth*Keys

-.20

.10

-1.95

.05

.12

.08

1.51

.13

Depth*Others

-.05

.08

-.65

.52

.05

.06

.75

.46

I*Depth*Keys

-.02

.09

-.23

.82

.15

.07

2.19

.03

I*Depth*Others

-.05

.08

-.69

.49

.09

.06

1.55

.12

Keys

t
9.98

.0009

.11

.008

.99

Note: Depth of processing is the number of deep processing activities divided by the total number of cognitive
processing activities. It encompasses both deep and surface processing.

Interplay between students’ levels of processing and topic interest on eye
movement measures
With regard to the interplay between students’ levels of processing and topic interest
on eye movement measures, there are significant effects for the models of deep processing (general disposition) and depth of processing (during text learning) on the second pass fixation duration. There is a significant three-way interaction for sentence
type, deep processing and topic interest (Table 2, I*Deep*Keys: β=.16, t=2.15, p=.03).
This indicates that when a student scores higher on topic interest and deep processing,
this student looks longer at key sentences than details than a student scoring lower on
topic interest and deep processing (Figure 1).
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(a) +1 SD on deep processing

(b) + 2 SD on deep processing

Figure 1. Plot of the three-way interaction between topic interest, deep processing and sentence type

Concerning depth of processing (Table 4), there is a significant three-way interaction for
sentence type, depth of processing and topic interest (I*Depth*Keys: β=.15, t=2.19,
p=.03). This indicates that when a student scores higher on topic interest and depth of
processing, that this student looks longer at key sentences than details than a student
scoring lower on topic interest and depth of processing (Figure 2).

(a) +1 SD on depth of processing

(b) +2 SD on depth of processing

Figure 2. Plot of the three-way interaction between topic interest, depth of processing and sentence type

Conclusion and discussion
This study investigated the interplay between cognitive processing and topic interest
during the online learning process when learning from expository text. Current models
of learning and reading from text highlighted the importance of motivational conditions
for the quality of learning and cognitive processing. In addition, it was emphasized that
cognitive characteristics alone are not sufficient to explain differences in the quality of
learning (Alexander, 2005; Pintrich, 2004; Vermunt & Donche, 2017). Previous research
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has investigated cognitive processing during the online process of learning from text
(Catrysse et al., 2018; Dinsmore & Alexander, 2016; Fox, 2009) and has examined the
interplay between topic interest and cognitive processing at the level of the learning
product (Schiefele, 1996; Schiefele & Krapp, 1996). However, the intersection between
cognitive processing and topic interest has not been examined before during the online
process of learning from text. Even though the learning product is influenced by the
learning process, much of the learning takes place during reading and it is thus important to further explore students’ online learning process (Kendeou & Trevors, 2012).
In our study, we used eye tracking as an online measure to monitor the students’ learning and reading behaviour while learning from expository texts and examined the interplay between students’ cognitive processing and topic interest on their eye movement
measures.
First, we looked at how cognitive processing alone shapes the learning and reading
behaviour. More specifically, we examined how individual differences in cognitive processing are reflected in reading times when learning from expository text. In the first
step, we investigated the relation between students’ general disposition towards deep
and surface processing and eye movement measures. Deep processing only affected
the first pass fixation duration. Students scoring higher on deep processing looked longer at details than at key sentences during initial reading. Based on theory, we expected
that students using more deep processing would look longer at key sentences than at
detailed sentences (Marton & Säljö, 1976; Vermunt & Vermetten, 2004). However, first
pass fixation duration is an indication of early processing and does not reflect strategic
or conscious behaviour (Hyönä et al., 2003). Therefore, the second pass fixation duration is the most interesting measure for this study as it reflects strategic and conscious
behaviour (Hyönä et al., 2003). If the same effects are found for the first and second
pass fixation duration, the first pass fixation can be seen as a pre-effect of the more
strategic second pass fixation duration. However, a single effect on first pass fixation
duration does not mean that much in terms of strategic processing. Results showed that
deep processing alone did not affect this second pass fixation duration, meaning that it
does not affect strategic eye movement behaviour. Surface processing also only affected first pass fixation duration with students scoring higher on surface processing looking
longer at details than other sentences during initial reading which is in line with theory
(Marton & Säljö, 1976; Vermunt & Vermetten, 2004). Students’ general disposition
towards cognitive processing did not affect rereading. Thus, students reread key sentences, detailed sentences and other sentences for the same amount of time. However,
as longer second pass fixation durations reflect deeper cognitive processing (Ariasi &
Mason, 2011; Holmqvist et al., 2011; Penttinen et al., 2013), we expected that students
scoring higher on deep processing would reread key sentences longer than detailed
sentences and students scoring higher on surface processing would reread detailed
sentences more than key sentences. Similar to a previous eye tracking study, students’
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general disposition towards cognitive processing does not affect the selectivity in processing different types of sentences in an expository text during rereading (Catrysse et
al., 2018). We also examined students’ depth of processing during learning from text.
Depth of processing, indicated by the number of deep processing activities divided by
the total number of cognitive activities, affected the first pass fixation duration. Students scoring higher on depth of processing, looked longer at details than at key sentences during initial reading. In addition, students scoring higher on depth of processing, took less time for rereading the text (i.e., for all sentence types). This could be
an indication that these students are more efficient in capturing information from the
text, but the link with learning outcomes is needed to gain more information on this
relation. To sum up, it can be concluded that cognitive processing alone does not explain differences in the online learning process, because students process the different
sentence types in a similar way during rereading, which is an indication of strategic eye
movement behaviour.
Second, we examined how motivational conditions intersect with the quality of cognitive processing during the online learning process. Results showed an interplay between
students’ topic interest, students’ general disposition towards deep processing and eye
movement measures for the second pass fixation duration. Students with a high interest for the text and using deep processing, reread key sentences longer than detailed
sentences. There was no interplay between students’ general disposition towards surface processing, topic interest and eye movement measures. In addition, results from
the cued retrospective think-aloud protocols demonstrated the same pattern. Students
with high interest for the text and a higher score for depth of processing, reread key
sentences longer than detailed sentences. Our hypothesis, that students with a high
topic interest and using more deep processing, would reread key sentences more than
detailed sentences is thus confirmed by the results. The association in models on reading and learning from text between interest and deep processing (Alexander, 1997;
Pintrich, 2004; Schiefele, 2012; Vermunt & Donche, 2017), can be explained in our
study by the fact that students with a higher interest who use deep processing put
more cognitive effort in processing the superordinate sentences in a paragraph that
integrate several sentences of a paragraph. This study advances the present knowledge
in the field by showing that the interplay between interest and deeper processing only
increases cognitive effort for these superordinate sentences and not for all information
in the texts.
Although findings from this study provided more insight into the intersection between
topic interest, cognitive processing and eye movement measures, this study also has
some limitations. First, we did not take into account students’ learning outcomes because our main interest was on the learning process. Although students using more
deep processing and who have a higher interest in the text, spend more time rereading
key sentences than detailed sentences, we do not know if they would recall these main

78

Can eye see more than just your levels of processing?
ideas better. However, we expected so because previous research showed positive links
between learning outcomes and longer eye fixation durations (Ariasi et al., 2017; Ariasi
& Mason, 2011), positive links between deep processing and learning outcomes (Dent &
Koenka, 2016) and positive links between topic interest and deep level learning outcomes (Schiefele, 1996, 1999; Schiefele & Krapp, 1996). Another limitation of this study
is the relatively small sample size, although this is considered sufficient and in line with
common eye tracking research designs in the field (Holmqvist et al., 2011). Moreover,
we want to emphasize that by using linear mixed effects models, the power was raised
as the analysis was performed on the sentence level and thus on 1,724 data points
(Quené & van den Bergh, 2008). In addition, by applying these models we are able to
generalize findings over similar students, sentences and texts (Baayen, 2008; Baayen et
al., 2008). This is important because we sampled students, sentences and texts from a
larger population (Quené & van den Bergh, 2008).
The overall conclusion of this study is that there is an important interplay between topic
interest and deep processing on eye movement measures, for both students’ general
disposition towards deep processing and depth of processing during learning from expository text. The importance of deep processing has been highlighted for students in
higher education and beyond (Vermunt & Donche, 2017), but in addition we want to
stress the importance of giving students learning contents that spark their interest
(Renninger & Hidi, 2016). Our study indicated that deep processing alone does not
affect the rereading time of key sentences which is crucial to get a better understanding
of the learning material. Only together with high topic interest, students seem to get
selective and spend more time on rereading key sentences in comparison with detailed
sentences in the text.
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A systematic review of the
conceptualization and
operationalization of students'
levels of processing in fMRI studies

This chapter is based on:
Catrysse, L., Gijbels, D., & Donche, V. (Submitted).
A systematic review of the conceptualization and operationalization
of students’ levels of processing in fMRI studies.
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Abstract
In educational research, there is a growing interest in functional magnetic resonance
imaging (fMRI) to examine students' levels of processing. As there is a growing interest
in the use of fMRI, a systematic review was conducted to examine how students' levels
of processing, is operationalized within the neuroscientific field. In addition, we investigated how this operationalization impacts on the conceptualization of levels of processing within fMRI research. A systematic search was conducted within the MEDLINE,
PubMed, ERIC and Web of Science databases, and 25 studies were identified for this
review. With regard to the operationalization, the review indicates that up to now,
levels of processing have mainly been examined under highly controlled conditions with
decontextualized and simplified language stimuli. Analysis of these studies revealed that
there is a lack of conceptual clarity as, in half of the cases, no theoretical framework
was explicitly mentioned and no clear definition was given regarding processing strategies.
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Introduction
Students vary in their levels of processing when studying in higher education (Gijbels et
al., 2014; Lonka et al., 2004; Vermunt & Donche, 2017). A main distinction has been
made between deep and surface levels of processing since the 1970s (Craik & Lockhart,
1972; Gijbels et al., 2014; Richardson, 2015). Within the levels of processing literature,
there are multiple frameworks and models that describe the distinction between deep
and surface processing (Fryer, 2017; Vermunt & Donche, 2017; Zusho, 2017). A review
of Dinsmore and Alexander (2012) indicated that levels of processing are since the
1970s mostly investigated by means of offline instruments such as self-report questionnaires. However, recently, there has been a growing interest to use more online
measures to investigate learning processes in comparison with the often-used offline
measures in the past (Catrysse et al., 2016; Endedijk et al., 2016; Richardson, 2013).
Among these online measures, educational researchers started to explore the biological
or neural base of students' levels of processing with brain imaging methods (Ansari, De
Smedt, & Grabner, 2011; Antonenko, Paas, Grabner, & van Gog, 2010; Howard-Jones,
2008, 2011). Brain imaging methods can add to research on students' levels of processing because addressing research questions from a single methodological perspective may be limiting progress (de Bruin, 2016) and will be unable to capture all the complexities of students' levels of processing (De Smedt, 2014; Galli, 2014). Therefore, by
using brain imaging methods, it is possible to complement, supplement and contradict
theories of levels of processing that have been investigated with more traditional
measures in the past (Ansari et al., 2011; De Smedt, 2014; Dimoka et al., 2012;
Goswami, 2004; van Kesteren, 2013)
A recent review of Galli (2014) focused on summarizing the neural correlates of deep
and surface processing in fMRI (functional magnetic resonance imaging) and ERP
(event-related potentials) research. This review indicated that there is a great variety of
tasks that were used to measure deep and surface levels of processing. This raises questions on how different operationalizations are used in fMRI research to measure students' levels of processing. It is thus important to get an overview on the type of tasks
that are used in fMRI research as well as on how this is aligned with more traditional
research in the field of students' levels of processing. As the operationalization of levels
of processing is linked to how levels of processing are conceptualized (Dinsmore &
Alexander, 2012), another question raises on how an educational concept as levels of
processing is conceptualized within the neuroscientific field of fMRI research and how
well this is aligned. Previous research already indicated that it is crucial to have a clear
definition of levels of processing in order to bring the fields of educational research and
neuroscience together in empirical research (Howard-Jones, 2008; Howard-Jones &
Fenton, 2011). More specifically, as there are multiple frameworks on deep and surface
processing (Fryer, 2017; Vermunt & Donche, 2017; Zusho, 2017), we want to summa-
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rize which frameworks have been investigated within the field of fMRI research. Therefore, the goal of this systematic review study is twofold. This review aims at getting an
overview of the state-of-the-art regarding how students' levels of processing are (1)
conceptualized and (2) operationalized in fMRI research. We will only focus on fMRI
research, because this non-invasive brain imaging method has captured the most attention in academic work (Varma, McCandliss, & Schwartz, 2008). Below, we will introduce
some central theories on students' levels of processing and some characteristics of the
experimental design of fMRI experiments.

Conceptualization of processing strategies
In fMRI research, and cognitive neuroscience in general, learning is often used as a
synonym for memory or memory abilities (Baars & Gage, 2010; Howard-Jones, 2008,
2011). Encoding or learning refers to the processes that transform incoming information into an enduring memory representation (Baars & Gage, 2010; Fellner, Baeuml,
& Hanslmayr, 2013; Wagner, Koutstaal, & Schacter, 1999). A number of fMRI studies
focused their attention on differences in deep and surface encoding (Fletcher,
Stephenson, Carpenter, Donovan, & Bullmorel, 2003; Moss & Schunn, 2015; Schott et
al., 2013). The study of Moss and Schunn (2015) aimed to examine the brain's coherence building network during performance on reading strategies that varied in complexity and effectiveness. In their study, they put the self-explanation strategy centrally as a
reading strategy that focuses on coherence-building processes (McNamara, 2004).
Coherence-building processes are necessary when reading a text, to make intersentence links in order to build a coherent mental representation of the text (Kendeou,
2015; Kendeou & Trevors, 2012; Kintsch, 1998). This self-explanation strategy encompasses five main components: comprehension monitoring, paraphrasing, elaborating,
bridging and predicting (McNamara, 2004). Comprehension monitoring refers to evaluating if you understand the text while reading it; paraphrasing is putting the text into
your own words; elaborating involves making inferences by using relevant prior
knowledge; bridging refers to integrating knowledge from previous sentences and predicting is making an inference about what will come in the next sentence or paragraph
(McNamara, 2004). All these strategies are considered as deep levels of processing
(McNamara, 2011). Less effective strategies are paraphrasing and rereading in comparison with self-explaining (Moss et al., 2011). Fletcher et al. (2003) investigated the subsequent memory effect and the brain systems associated with verbal memory encoding
with respect to 'deep' and 'shallow' encoding tasks. Schott et al. (2013) examined the
relationship between levels of processing and hippocampal-cortical functional connectivity during episodic memory formation. Fletcher et al. (2003) and Schott et al. (2013)
refer to the levels-of-processing framework of Craik and Lockhart (1972) as their theoretical framework. How well something is remembered, strongly relates to the processing activities while learning. The key assumption is that the use of deeper levels of
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processing leads to better retention than surface levels of processing. Surface levels of
processing refer to focusing on the orthographic or phonological representation, while
deep processing refers to encoding the semantic representation (Craik & Lockhart,
1972; Richardson, 2000). Encoding the orthographic representation refers to focusing
on the visual appearance of verbal material, encoding the phonological representation
alludes to learning the sound of the verbal material and encoding the semantic representation refers to processing the meaning of verbal material (Craik & Lockhart, 1972;
Richardson, 2000).
In the three examples above there seems to be a link between deep and surface encoding in fMRI research and theories on deep and surface processing in educational research. Within educational research, many theoretical frameworks exist on students'
levels of processing in higher education such as the levels-of-processing theory of Craik
and Lockhart (1972) and the reading strategies framework of McNamara (2004) as described above. Marton and Säljö (1976) also made a distinction between deep and surface processing in experimental research where students were asked to study expository texts. Based on the experimental work of Marton and Säljö (1976), other frameworks
were developed that elaborated on the main distinction between deep and surface
processing such as the Approaches to Learning (Biggs, 1987) and the Learning Patterns
Framework (Vermunt & Vermetten, 2004). For a detailed description of these frameworks we refer the reader to the work of Richardson (2015). In the field of expertise,
the model of domain learning also makes a distinction between deep and surface processing and here the level of processing is changing when moving from novice to expert
(Alexander, 1997). Describing all the different frameworks in detail would lead us to far,
but for a review levels of processing theories we refer the reader to the recent review
of Dinsmore (2017).

Characteristics of the operationalization in fMRI research
Although there seems to be a link between the conceptualization of levels of processing
in fMRI research and educational research, the operationalization is different. In order
to measure differences in encoding tasks with fMRI, a number of experimental design
characteristics need to be taken into account. A typical characteristic of fMRI research is
the highly controlled environment (Varma et al., 2008). The magnetic resonance imaging (MRI) scanner is a very noisy environment, in which subjects have to lie still and are
not allowed to move (De Smedt, 2014; Huettel et al., 2014). During an experiment,
participants see stimuli projected on a small hanging mirror and are mostly asked to
respond by pressing buttons (Varma et al., 2008). These practical constraints result in
the use of restricted paradigms in which very elementary tasks or conditions are used
(De Smedt, 2014; Howard-Jones, Ott, van Leeuwen, & De Smedt, 2014; Willems, 2015).
So fMRI research is limited on what it can tell us about the contextual aspects that are
crucial for learning (Varma et al., 2008). One way to go beyond this limitation, is to use
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fMRI experiments to detect differences in brain activity after students have used levels
of processing in different contexts (Varma et al., 2008). Another point of consideration
is that the brain is a busy place, with all regions working at all times. To obtain taskrelevant signals, participants need to perform the task of interest and the control task
during many trials (Varma et al., 2008). Often cognitive subtraction is than used in
which the experimental task is compared with the control task to infer which brain
regions are specialized for a particular cognitive component (Ward, 2010). In addition,
the collection of behavioural data is a necessary step in most fMRI studies (De Smedt,
2014; Ward, 2010). In memory research, the subsequent memory paradigm is often
used (Cabeza & Nyberg, 2000), in which participants are presented with items that they
need to remember and the brain imaging data is later analysed as a function of whether
the items were remembered or forgotten during a memory test (Gazzaniga, Ivry, &
Mangun, 2014). Whether a word or word pair will be remembered or not, not only
depends on the levels of processing that were used, but also on the way the memory is
probed (Craik & Lockhart, 1972; Galli, 2014; Morris, Bransford, & Franks, 1977; Tulving
& Thompson, 1973). In addition, when levels of processing are examined at the text
level, recall measures have a stronger relationship with surface processing, such as
memorizing the text, than with deep processing, such as trying to understand the underlying meaning of the text (Dinsmore & Alexander, 2012).

Methodology
Literature search and selection
We used predefined search terms that were adopted from a previous systematic review
on deep and surface processing (Dinsmore & Alexander, 2012) and added some extra
search terms to that (Table 1). In the identification stage, articles were selected within
the MEDLINE, PubMed, ERIC and Web of Science databases that contained predefined
search terms (last search 10/01/2017). Articles were selected that contained one or
more of the search terms in the article in combination with “fMRI” (Boolean operator
AND).
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Table 1 Overview of the literature search hits (January, 2017)
Pubmed

Medline

ERIC

Web of Science

Deep processing & fMRI

838

6

4

Deep processors & fMRI

0

0

0

1

46

2

1

43

Shallow processing & fMRI

250

Shallow processors & fMRI

0

0

0

0

Surface processing & fMRI

2,292

15

2

555

Surface processors & fMRI
Deep learning & fMRI
Deep learner & fMRI

0

0

0

0

233

3

1

70

0

0

0

2

Shallow learning & fMRI

31

4

1

6

Shallow learner & fMRI

0

0

0

1

Surface learning & fMRI

244

17

1

65

Surface learner & fMRI

0

0

0

1

Learning strategy & fMRI

421

15

6

292

Encoding strategy & fMRI

174

21

1

186

Reading strategy & fMRI

75

9

3

90

Cognitive strategy & fMRI

485

43

4

709

Processing strategy & fMRI

981

29

2

944

Information processing strategy & fMRI

258

2

6

273

Dept of processing & fMRI

534

34

2

228

Depth of learning & fMRI

106

2

1

17

Deep strategies & fMRI

150

2

0

40

Surface strategies & fMRI

232

1

0

32

Deep encoding & fMRI

100

22

1

70

5

2

0

3

31

13

1

29

Shallow encoder & fMRI

11

0

0

0

Surface encoding & fMRI

137

3

1

91

Surface encoder & fMRI

88

0

0

0

Depth of encoding & fMRI

67

9

0

60

Shallow strategies & fMRI

8

1

0

9

681

4

9

405

5,842

188

17

2,489

Deep encoder & fMRI
Shallow encoding & fMRI

Cognitive processing strategy & fMRI
Total
Overall total

8,536

The selection procedure is described according to the PRISMA flow diagram (Moher,
Liberati, Tetzlaff, Altman, & Group, 2009) (Table 2). In the identification stage 6,815
articles were found in the selected databases, after removing duplicates. In the screening stage, we further delimited the search to those empirical studies that were published in peer-reviewed journals in an attempt to include studies of high quality, which
used a non-clinical human population and were in English. In addition, we focused our
search on adolescents and young adults and not on studies examining cognitive aging. A
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lot of studies could be eliminated immediately because most of them investigated clinical human populations or animals. After the screening stage, 124 studies were withheld.
In the next stage, full texts were assessed for eligibility. After that, 19 studies were included in the qualitative analyses for this review. Furthermore, we manually searched
the reference lists of these 19 studies and through snowball sampling we added 6 extra
studies. The remaining 25 studies were critically appraised before analysing them.
Table 2 The PRISMA 2009 Flow Diagram (Moher et al., 2009)
Identification

Records identified through database searching:
1. PubMed (n = 5,842)
2. Web of Science (n = 2,489)
3. ERIC (n = 17)
4. Medline (n = 188)
Records after duplicates removed: n = 6,815

Screening

Records screened on title and abstract: n = 6,815
Records excluded: n = 6,619

Eligibility

Full text articles assessed for eligibility: n = 124
1. Learning from verbal material
2. Distinction between deep and surface processing
Records excluded with reasons: n = 105

Inclusion

Studies included in content analysis: n = 19
Studies added through snowball sampling: n = 6
Total number of included studies: n = 25

Critical appraisal of the included studies
The quality of the selected studies was evaluated by a combination of critical appraisal
tools and good practices in designing neuroimaging experiments because no critical
appraisal tools are available for fMRI studies (Table A in Appendix). Following the critical
appraisal conducted by Kyndt, Gijbels, Grosemans, and Donche (2016), studies in this
systematic review were assessed based on the main criteria of Aveyard (2014) and of
the National Institute for Health and Clinical Excellence (2009) (Table A, criteria A-C). In
addition, other criteria were taken into account based on how to design a neuroimaging
experiment (Huettel et al., 2014) (Table A, criteria D-J) and how to report on neuroimaging experiments (Poldrack et al., 2008) (Table A, criteria K-N).
The main criteria for the critical appraisal were: (1) a well-specified research question
and hypothesis, (2) an appropriate experimental design (design specification and taskspecification), (3) a well-described subject sample, (4) a description of the ethical approval, (5) a well-described procedure of the collected behavioural data and (6) a clear
description of the findings. In line with the systematic review of Kyndt et al. (2016), each
study was given a rating: low, medium or high. 14 criteria for the critical appraisal were
used. The rating 'low' was given when 0-4 criteria were met, 'medium' when 5-9 criteria
were met and 'high' when 10-14 criteria were met. When no information was given on a
criterion, it was considered as not taken into account in that study and was consequent-
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ly scored as not meeting that criterion. All 25 articles included in the content analysis,
were scored as high quality.

Analysing the literature
The studies were coded using the content analysis method (Aveyard, 2014; Cohen et al.,
2011). The operationalization and conceptualization will be discussed by a qualitative
content analysis based on a coding scheme (Table 3). Some codes were developed a
priori based on the central theories discussed in the introduction on conceptualization
and operationalization and are discussed below. Other codes were developed inductively by reading and rereading the studies thoroughly.
Table 3 Overview of the used codes for the content analysis
Conceptualization

Operationalization

1. Theoretical framework
No a priori codes
2. Definition
• Explicit
• Implicit – Conceptual
• Implicit – Measure
• Implicit – Referential

1. Subdomain
• Word
• Sentence
• Text
2. Subtype of deep encoding
No a priori codes
3. Subtype of surface encoding
No a priori codes
4. Outcome measures
No a priori codes
5. Process measures
No a priori codes

With regard to the conceptualization of levels of processing, an a prior code was developed for the nature of the definition of levels of processing. The definition code was
adapted from another systematic literature review (Dinsmore & Alexander, 2012). In
their review, they made a distinction between three broad categories: explicit definitions, implicit definitions and absent definitions. Explicit definition codes were applied
when the definition was clearly stated in the text. For instance, Demb et al. (1995) clearly defined deep and surface processing as "For example, words are typically better remembered when encoded for meaning (semantic or "deep" encoding) rather than for
appearance (non-semantic or "shallow" encoding)" (p. 5870). We made a distinction
between three categories for the implicit definition: conceptual and referential as
adapted from Dinsmore and Alexander (2012) and an extra code for measure adapted
from Dinsmore, Alexander, and Loughlin (2008). Conceptual definition codes were applied when there was no clear definition in the text, but when some words or phrases
were added in the text from which you can derive the meaning (Dinsmore & Alexander,
2012). For example, Fliessbach, Trautner, Quesada, Elger, and Weber (2007) described
that they used different encoding tasks varying in depth of semantic processing, but
they did not further elaborate on it. Referential definition codes were applied when a
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key reference was used to define the constructs of deep and surface processing
(Dinsmore & Alexander, 2012). For example, McDermott et al. (1999) described that
there is a difference between deep and surface encoding and then referred to the theoretical framework of Craik and Lockhart (1972). A measure definition code was applied
when there was no definition provided, but when it was possible to derive the definition
from the used measures. For example, Buckner, Koutstaal, Schacter, Wagner, and Rosen
(1998) described deep encoding as deciding whether a word was abstract or concrete
and surface encoding as deciding whether a word was printed in uppercase or in lowercase. An absent definition code refers to no explicit or implicit definition (Dinsmore &
Alexander, 2012), but this code was dropped as no absent definition codes were found
during the analysis. Studies were also coded on the theoretical framework, which they
used. For this code, no a priori coding scheme was developed, as there is a variety of
conceptual models on deep and surface levels of processing (Dinsmore, 2017).
Concerning the operationalization of levels of processing, a priori codes were developed
for the subdomain of verbal learning. All studies that met the criteria for inclusion can
be situated within the domain of verbal learning. In a recent article on the state-of-theart of eye tracking research in reading, Jarodzka and Brand-Gruwel (2017) structured
the research in three levels that are relevant for research on verbal learning using other
online research methods (including fMRI) as well: the word or sentence level, the text
level and the level of multiple texts. Therefore, we structured fMRI research into three
adapted categories: word level, sentence level and text level. Word level codes were
applied when participants needed to study words; sentence level codes were applied
when participants needed to encode sentences and text level codes were applied when
participants needed to study paragraphs longer than one sentence. The studies were
also analysed on the type of task and the collected behavioural measures (i.e., process
and outcome measures). For these codes, no a priori coding scheme was developed, as
there was a great variety of categories for these codes.

Results
Conceptualization
The conceptualization codes for each study can be found in Table B in the Appendix.
Regarding the conceptualization of levels of processing, a first finding is that the theoretical framework was only in half of the cases explicitly mentioned. For instance, Rose,
Craik, and Buchsbaum (2015) explicitly mentioned the levels-of-processing theory of
Craik and Lockhart (1972) and Moss and Schunn (2015) referred to the reading strategies framework of McNamara (2004). The other half of the studies only alluded to some
theoretical framework, but it is not clearly specified which theoretical framework they
used for their investigation. With regard to the conceptual clarity of deep and surface
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processing, only ten studies explicitly defined levels of processing in their studies
(Schott et al., 2013). Fifteen studies gave an implicit definition by referring to a key
reference of the theoretical framework (Henson, Hornberger, & Rugg, 2005), by describing how they measured levels of processing (Daselaar, Prince, & Cabeza, 2004), or
by mentioning the concept of levels of processing (Poldrack et al., 1999). For example,
McAuley, Brahmbhatt, and Barch (2007) defined the levels-of-processing effect as "‘levels-of-processing’ refer to the fact that information is better remembered when it has
been processed at a deep, semantic level compared to a shallow, non-semantic level."
(p. 816). By explicitly defining levels of processing, it is also clear which theoretical
frame was utilized in the study, in this case the framework of Craik and Lockhart (1972).
In analysing the studies in this review, we noticed that the definition code for studies of
the same author(s) differed. In the study of Fletcher et al. (2003), levels of processing
were explicitly defined, while in the study of Fletcher et al. (2002) they were implicitly
defined. These differences in conceptual clarity were also found in the work of
Fliessbach et al. (2007) where an implicit definition was used and an explicit definition
was used in Fliessbach, Buerger, Trautner, Elger, and Weber (2010). This may be an
indication that the perceived need to define levels of processing is less apparent
(Dinsmore & Alexander, 2012).

Operationalization
Concerning the type of deep and surface levels of processing, a variety of encoding
tasks were defined in these studies (Table 4). Following the systematic review of Galli
(2014), these strategies can be ordered along a semantic-structural axis. Deep processing falls under the semantic part and surface processing under the structural part,
but some tasks are located at the intermediate level along the semantic-structural axis
(Galli, 2014). With regard to deep processing, previous reviews indicated that animacy
judgement tasks need a semantic analysis (Binder, Desai, Graves, & Conant, 2009; Galli,
2014). The pleasantness judgement task, on the other hand, is more often placed at the
intermediate level along the semantic-structural axis (Galli, 2014). Concerning surface
processing, the letter judgement task, the alphabetical order judgement task, the font
size judgement task and the case judgement task are typical examples of structural and
phonological analysis (Binder et al., 2009; Galli, 2014). The counting letters task, the
rereading and rote rehearsing are more at an intermediate level of the semanticstructural axis. Furthermore, self-explaining, paraphrasing and rereading are strategies
adapted at the text level, while all the other strategies are used at the word level. In
addition, verbal responses were collected in order to verify the strategy use while selfexplaining, paraphrasing and rereading. During the decision tasks at the word level,
students needed to push a button on the button box and they did not need to talk while
being scanned.
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Table 4 Types of deep and surface encoding tasks
Deep encoding tasks
Animacy judgement task

Deciding whether a word is a living or non-living object

Semantic relatedness

Judging the semantic relatedness of two or more words

Abstractness judgement task

Deciding whether a word is an abstract or concrete object

Pleasantness judgement task

Deciding whether a word is referring to something pleasant or
unpleasant

Self-explaining

Self-explaining a sentence or paragraph to yourself

Paraphrasing

Putting a sentence or paragraph into your own words

Safety judgement task

Deciding whether a word is something safe or dangerous

Desirability judgement task

Making a ranking from least to most desirable

Surface encoding tasks
Case judgement task

Deciding whether a word is printed in uppercase or lowercase

Alphabetical order judgement task

Deciding whether two letters underlined in a word are in
alphabetical order

Counting letters task

Indicating whether a number is correct or incorrect or whether a
number is odd or even

Rereading

Reading a sentence or paragraph over again

Letter judgement task

Encoding whether a word contains a specific letter

Rote rehearsing

Repeating and memorizing a word

Font type judgement task

Encoding the font type in which the words are printed

Concerning the behavioural measures that were collected together with the fMRI data,
a distinction can be made between learning outcome and learning process measures
(Table 5). With regard to the outcome measures, a distinction was made between
recognition measures, recall measures and pre- and post-tests. For the recognition
measures, students were presented with encoded stimuli and new stimuli and were
asked to indicate whether they recognized them or not. In some studies, students also
needed to rate their confidence level, going from definitely recognized to maybe recognized. Furthermore, recall measures were also used at the outcome level in which students were asked to recall as many words as possible. A pre- and post-test design was
used to measure the knowledge level before and after encoding. Next to the outcome
measures, process measures were used as well. With regard to the process measures, a
distinction was made between reaction time measures and self-report measures. Reaction time measures were mostly used and indicated how long it takes to encode the
verbal material used in the study. Self-report measures were used after scanning takes
place to measure an aspect of processing the learning material. Only the study of Moss,
Schunn, Schneider, and McNamara (2013) used a self-report questionnaire to measure
students' minds wandering during processing shorter paragraphs.
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Table 5 Behavioural measures collected
Outcome measures

Process measures

1. Recognition measures
• Old – new
• Identical – recombined
• Yes – no
• Remembered – recognized – new
2. Recall measures
3. Pre- and post-test

1. Reaction time
2. Self-report measures

Conclusion and discussion
Research on students' levels of processing has had a long history within educational
research since the 1970s (Fryer, 2017; Gijbels et al., 2014; Vermunt & Donche, 2017). In
the last decade, more educational researchers have been interested in the relationship
between students' levels of processing and the brain (Ansari et al., 2011; Antonenko et
al., 2010). Some of the reasons why brain imaging methods attract the attention of
educational researchers are the possibilities of these techniques to capture aspects of
learning that cannot be measured with more traditional measures (de Bruin, 2016; De
Smedt, 2014), the trend to use more online measures to investigate learning processes
(Endedijk et al., 2016) and the interest for the biological base of learning (De Smedt,
2014). With the advent of non-invasive brain imaging methods, such as fMRI, more
researchers started to adopt this technique to investigate students' levels of processing.
The goal of this systematic review study was to get an overview of the state-of-the-art
regarding how an educational concept such as students' levels of processing is conceptualized and operationalized within fMRI research.
Concerning the operationalization of levels of processing, a main finding was that it is
mostly examined at the word level. A possible explanation for this, is that the MRI scanner is a very noisy environment in which a lot of trials are needed of the same task
(Huettel et al., 2014; Ward, 2010). Words are short stimuli and it is possible to give
participants a lot of trials during an experiment without the experiment getting too
long. When longer texts or paragraphs are used, the experiment can become really long
because a lot of trials are needed in order to get a reliable brain signal (Varma et al.,
2008). Subsequently, the strategies at the text level become more complex than at the
word level. This review indicated that three studies examined levels of processing at the
text level and the students needed to give verbal responses whilst being scanned (Moss
& Schunn, 2015; Moss et al., 2013; Moss et al., 2011). Talking and moving in the scanner causes extra noise in the data and, therefore, researchers prefer experiments with
button boxes in which participants do not need to talk and can lie as still as possible
(Huettel et al., 2014). In addition, a great variety of encoding tasks were used at the
word level and the used tasks were located at a semantic-structural axis (Galli, 2014).
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The great variety of encoding tasks shows that it is hard to achieve a clear separation
between deep and surface levels of processing (Galli, 2014). Some tasks are clearly at
the ends of the semantic-structural axis, but some tasks are located at the intermediate
level of this axis. Furthermore, our review indicated that recognition and recall
measures are used as learning outcome measures. As discussed in the introduction,
whether something will be remembered not only depends on the levels of processing,
but also on the way memory is probed (Craik & Lockhart, 1972; Dinsmore & Alexander,
2012; Galli, 2014). Although it leads us too far to discuss the different retrieval mechanisms, it is clear from this review that researchers used different learning outcome
measures and these can have further implications when the subsequent memory paradigm was used.
Another aspect of this systematic review was the conceptualization of levels of processing and how this is affected by the operationalization within fMRI studies. With
regard to this conceptualization, we found a lack of conceptual clarity and the theoretical framework was often not explicitly mentioned. The rather low number of studies
that explicitly define levels of processing is troubling and was also found by Dinsmore
and Alexander (2012) in their systematic review on levels of processing with different
methodological approaches, such as self-report questionnaires, interviews and experiments. Dinsmore and Alexander (2012) indicated in their review that the relative longevity of the construct might be the reason for the low number of explicit definitions.
We found an indication for this explanation in our review, as the same authors explicitly
defined levels of processing in one study and implicitly defined the concept in another
study (Fletcher et al., 2002; Fletcher et al., 2003; Fliessbach et al., 2010; Fliessbach et
al., 2007). Most experiments were based on the levels-of-processing framework of Craik
and Lockhart (1972), in which levels of processing were investigated at the word level
and we believe that this was highly influenced by the practical constraints in designing
fMRI experiments.
For future research, we emphasize the need for explicitly mentioning the theoretical
frame under investigation, together with a clear definition of the deep and surface
levels of processing. It is crucial to have a clear definition of the levels of processing in
order to bring the fields of educational research and neuroscience together in empirical
research (Howard-Jones, 2008; Howard-Jones & Fenton, 2011). This systematic review
indicated that up to now, levels of processing have mainly been examined under highly
controlled conditions with decontextualized language stimuli, namely, words. As indicated by Willems (2015), we should move to studying natural language use as it could
be encountered by participants in the real world by using contextualized stimuli in larger chunks as in the studies of Moss and colleagues (Moss & Schunn, 2015; Moss et al.,
2013; Moss et al., 2011). This will also increase the ecological validity of the learning
tasks (Skipper, 2015; Willems, 2015). In addition, explicit judgement tasks do not often
occur during learning in a naturalistic way (Kurby & Zacks, 2015) and, therefore, it
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would be worthwhile to look for other tasks in which these judgements are not required, such as in the work of Moss and colleagues (Moss & Schunn, 2015; Moss et al.,
2013; Moss et al., 2011). A key message for future research is to find a good balance
between the use of restricted paradigms that cause less noise in the data and designs in
which more ecologically valid tasks are used with a greater contextual richness (Hasson
& Honey, 2012; Kurby & Zacks, 2015; Willems, 2015). In doing so, more conceptual
models on deep and surface processing could be examined in fMRI research as well.
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Outcomes and discussion
This dissertation contributes to our understanding of how students in higher education
learn from expository texts and underlines the importance of combining online and
offline measures in order to gain a more comprehensive understanding of how students
process expository texts. In this chapter, we first resume the need to examine students’
levels of processing in a more comprehensive way by combining online and offline
measures, capturing both conscious and unconscious processing activities. Next, we
summarize the main outcomes of this dissertation per study, elaborate on the insights
we take away, and include our suggestions for future research. We conclude with the
implications of our work for educational research and practice.

The need to examine students’ levels of processing in a more
comprehensive way
One of the main goals of educational research is to understand and enhance the quality
of learning processes (Gijbels et al., 2014; Kendeou & Trevors, 2012). In higher education, expository texts are an important medium through which students acquire understanding and knowledge. During their learning from texts, students make a mental representation of the text (Kendeou & Trevors, 2012; Kintsch, 1998). Not all students construct this mental representation in the same way because important student characteristics shape how students make sense of what they read (Alexander & Jetton, 1996;
Fox, 2009; Jarodzka & Brand-Gruwel, 2017; Kendeou & Trevors, 2012). An important
student characteristic for expository text learning is the students’ levels of processing,
such as deep and surface processing (Alexander & Jetton, 1996; Dinsmore & Alexander,
2016; Kirby et al., 2012).
Current models on deep and surface processing acknowledge the variability of deep and
surface processing over learning tasks (Alexander, 1997; Dinsmore, 2017; Richardson,
2015; Vermunt & Donche, 2017). However, empirical research that examines levels of
processing during a specific learning task remains scarce (Fryer, 2017; Vermunt &
Donche, 2017). Up to now, there has been a vast amount of empirical research done,
which examined the students’ general disposition towards deep and surface processing
over a whole course or academic year (Fryer, 2017; Vermunt & Donche, 2017). Researchers agree that the measures at a general level are not always good indicators of
the levels of processing that the students use in a specific learning task (Perry & Winne,
2006; Richardson, 2004; Samuelsten & Bråten, 2007; Schellings et al., 2012; Veenman,
2005). Therefore, it is crucial to take the specific task level into account when measuring
levels of processing, in order to gain more insight into the students’ levels of processing
during learning from expository texts and how it relates to the students’ general disposition towards levels of processing (Figure 1). General measures are always offline, while
task-specific measures can be both offline and online.
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Figure 1. Measuring levels of processing in a comprehensive way

The think-aloud method has mostly been used as a task-specific online measure to
examine students’ levels of processing when learning from expository texts (Fox, 2009;
Pressley & Afflerbach, 1995). Although these studies provide clarifying answers on students’ levels of processing during learning from texts, research should move beyond
using solely self-report measures. Self-report measures only grasp conscious processing
activities and are not able to capture unconscious processing activities (Dimoka et al.,
2012). Other task-specific online measures, such as eye movement registration and
brain imaging methods, can capture unconscious processing activities as well and can
provide insight into the micro-processes of text learning (Dimoka et al., 2012; Hyönä et
al., 2003). In eye movement registration, the location of the eye gaze is recorded and
these movements are related to the stimulus a participant is looking at. This technique
allows us to investigate to what parts of the text a student allocates visual attention and
for how long (Holmqvist & Andersson, 2017). With regard to brain imaging methods,
st
there has been an explosion in fMRI research since the 21 century (Huettel et al.,
2014). fMRI is used in order to localize deep and surface levels of processing in the
brain, more specifically, to examine which brain regions are activated during deep and
surface levels of processing (Galli, 2014). Although these measures can provide insight
into micro-processes and unconscious processing activities, the data still needs to be
interpreted by the researcher. Therefore, this data needs to be combined with other
types of measures, such as verbal reports, in order to reduce the amount of inferences
required by the researcher (van Gog & Jarodzka, 2013).
The central focus of this dissertation is to combine online and offline measures of levels
of processing at both the general and task-specific level. More specifically, we further
explore how measures that capture the micro-processes of reading can provide insight
into students’ levels of processing and how they relate to verbal reports. In doing so, we
aim to look for convergent or divergent validity (Cohen et al., 2011; Schellings, 2011;
Schellings & van Hout-Wolters, 2011; Veenman, 2005). Convergent validity is demon-
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strated when the results of two different research instruments are related to each other. By contrast, divergent validity is shown when two measures are not related with
each other (Cohen et al., 2011). Gaining a more comprehensive understanding in students’ levels of processing is crucial for further theory building on the one hand (Gijbels
et al., 2014; Vermunt & Donche, 2017) and for providing students with adequate feedback on their learning and for setting up interventions on the other hand.

Main outcomes
We now summarize the main outcomes of each study in this dissertation in order to
review our acquired understanding regarding students’ levels of processing during
learning from expository texts. The schematic overview of the three eye movement
studies is shown in Figure 2.

Figure 2. Schematic overview of the eye movement studies

Surface processors reread details longer than deep processors
The focus of studies 1 and 2 was to link the students’ eye movements to their levels of
processing during learning from expository texts. In Study 1, we steered students’ levels
of processing by giving them questions after processing the expository text. The students needed to process three expository texts and we created two conditions, namely,
the deep condition and the surface condition. Before processing the first text, students
did not receive any instructions on how to learn from the text. After processing the first
text, students in the deep condition received questions on deeper comprehension (e.g.,
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Can you give a short summary on the text?) and the students in the surface conditions
received questions on details in the text (e.g., In which country did the research take
place?). These questions shaped how they were going to process the second and third
texts. After reading the second and third texts, students received similar questions. Eye
movements on detailed and key sentences from the last text were analysed in order to
examine how levels of processing are reflected in eye movements.
The analysis of this study was rather explorative in nature. Due to the small sample size
(N = 19) and, as individual students were the level of analysis, we used non-parametric
tests to compare students’ eye movements between the two conditions. The MannWhitney U test was used to compare first pass fixation durations, second pass fixation
durations and total fixation durations on details versus key information in the text. The
results showed that students, who were primed to use surface levels of processing,
reread details for longer than students who were primed to use deep levels of processing. In addition, the results from the cued retrospective think-aloud protocols
showed that students in the surface condition mentioned repeating details in the text,
while students in the deep condition did not. This shows a clear overlap between the
results of eye movements and the cued retrospective think-aloud protocols. The cued
retrospective think-aloud results showed that both students in the deep and surface
condition reread the key information in the text. However, the motivation to better
understand the key information in the text was only reported by students in the deep
condition but was not reflected in eye movements. However, this motivational aspect
can have important implications for the quality of processing. To sum up, Study 1
showed an overlap between eye movements and cued retrospective think-aloud methods. Moreover, cued retrospective think-aloud methods are crucial to interpret eye
movements as some aspects, such as the motivation to better understand, do not seem
to be reflected in eye movements.

Multiple use and not nature of strategies is reflected in eye movements
Study 1 showed that the levels of processing are reflected in students’ eye movements
to some extent. Students have a general disposition towards levels of processing and by
steering them in two conditions, we did not examine how their ‘natural’ use of levels of
processing was reflected in eye movements. Therefore, the focus of Study 2 was to link
the students’ general disposition towards levels of processing to their eye movements.
In addition, we were not only interested in typically deep and surface processors, but
we also examined four types of students. We analysed the self-report questionnaire
data from a person-oriented perspective and identified four different learning profiles:
students mainly using deep levels of processing, students using mostly surface processing, students combining deep and surface levels of processing and students lacking
the use of any levels of processing. In comparison with the first study, we also analysed
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other sentences next to the detailed and key sentences. These other sentences served
as a baseline for comparison.
We used generalized linear mixed effects models in order to analyse the first pass, second pass and total fixation durations for detailed sentences, key sentences and other
sentences and performed the analysis on the sentence level (N = 920), instead of on the
subject level (N = 20). Students combining deep and surface levels of processing could
be distinguished from students lacking the use of any levels of processing with eye
movement measures. Students combining both deep and surface levels of processing
took more time to reread the text than students with low scores on deep and surface
levels of processing. Students mainly using deep levels of processing did not differ from
students mainly using surface levels of processing. In this study, we found first evidence
that eye movement measures are not influenced by the nature of processing (i.e., deep
or surface levels of processing), but only by the multiple use of processing (i.e., the
combination of deep and surface levels of processing). Within-group comparisons
showed no differences in the processing time between key sentences, detailed sentences and other sentences. This means that, for example, students mainly using deep
levels of processing took the same amount of time to reread key sentences, detailed
sentences and other sentences. All groups of students processed key sentences, detailed sentences and other sentences for the same amount of time, indicating that they
are not very selective in processing the different sentences. However, we had no extra
task-specific measures on why they were processing the information in that way (e.g., a
cued retrospective think-aloud method) like we had in the first study. To sum up, Study
2 showed partly converging evidence between general self-report questionnaires and
eye movements. In particular, the multiple use of processing strategies was reflected in
eye movements, but not the nature of levels of processing. These results stress the
importance of combining eye movement data with other task-specific measures as well
to gain more insight into the differences in the nature of processing that are not reflected in eye movements.

Deep processors with a high topic interest reread key sentences longer than
details
Both Study 1 and Study 2 showed that levels of processing are reflected in eye movements to some degree. These studies provided new insights into how individual differences in levels of processing are reflected in eye movements during learning from expository texts. However, the levels of processing are not operating in vacuum and other
learner characteristics are at play that affect the quality of processing. Study 1 already
showed that motivational aspects influence the nature of processing; more specifically,
students in the deep condition reported a motivation to better understand when rereading key sentences. In the literature, interest is described as an important motivational condition for text learning. Therefore, the focus of Study 3 was on the intersec107

tion between topic interest and the levels of processing on students’ eye movements.
Because Study 2 showed that the quality of processing is not reflected in eye movements, we believed that this is a necessary step to further unravel the complex and
multidimensional nature of levels of processing when learning from a text. In addition,
the third study encompassed all measures that were used in studies 1 and 2 in order to
measure levels of processing in a more comprehensive way: general self-report questionnaires, eye movement registration and cued retrospective think-aloud protocols. In
comparison with Study 2, where we took a more person-oriented approach, we analysed the data from a variable-oriented approach. Study 2 showed that the personoriented approach is valuable in order to analyse students’ eye movements, however,
based on the literature, we can only formulate hypotheses on the relationship between
deep and surface levels of processing and topic interest and not on the level of learning
profiles. Therefore, we adopted a variable-oriented approach in this study.
Similarly, as in Study 2, we used linear mixed effects models in order to analyse the first
pass and second pass fixation durations for detailed sentences, key sentences and other
sentences and again did the analysis on the sentence level (N = 1,798), instead of on the
subject level (N = 31). We examined both the single and interaction effects of levels of
processing and topic interest on eye movements. In addition, levels of processing were
both measured at a general level, with the self-report questionnaires, and at a taskspecific level, with the cued retrospective think-aloud protocols. The students’ general
disposition towards levels of processing did not affect differences in eye movement
measures for key sentences, detailed sentences and other sentences. In addition, the
students’ depth of strategy use (number of reported deep strategies on the total number of reported strategies) also did not affect the rereading time for key sentences,
detailed sentences and other sentences. However, there was an overall effect of depth
of strategy use: students who reported using deeper strategies were quicker in rereading all types of sentences. Again, this is an indication that the students are not selective
in processing key sentences, detailed sentences and other sentences. However, the
results showed that students with a high topic interest using deeper levels of processing
reread key sentences longer than detailed sentences. In addition, the results from the
cued retrospective think-aloud protocols demonstrated the same pattern. Students
with a high topic interest and a higher score for depth of processing, reread key sentences longer than detailed sentences. To sum up, the third study showed convergent
validity between deep levels of processing as measured with the general self-report
questionnaires and the depth of strategy measure of the cued retrospective think-aloud
protocols. In addition, the overall conclusion of this study is that there is an important
interplay between topic interest and deep levels of processing on eye movement
measures, for both students’ general disposition towards deep processing and depth of
processing during learning from expository texts. Thus, it is important to take into ac-
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count the learner characteristics that affect the quality of processing in order to explain
the differences in eye movements and in learning from expository texts.

fMRI research mostly focuses on levels of processing on the word level
The focus of Study 4 was to explore fMRI as another online measurement tool that
captures both conscious and unconscious processing activities in order to examine
students’ levels of processing. The aim of this study was to summarize how levels of
processing are conceptualized and operationalized in fMRI research. To this end, a systematic search was conducted within the MEDLINE, PubMed, ERIC and Web of Science
databases. Twenty-five studies were identified for this review.
A first aspect of the review was the conceptualization of levels of processing. The review
indicated that there was a lack of conceptual clarity because the theoretical framework
was often not explicitly mentioned. Most fMRI studies were based on the levels-ofprocessing framework of Craik and Lockhart (1972). Concerning the operationalization
of processing strategies, a main finding was that levels of processing have mainly been
examined under highly controlled conditions with decontextualized language stimuli,
namely, words. In addition, a great variety of encoding tasks were used, indicating that
it is hard to achieve a clear separation between deep and surface levels of processing in
experimental designs.
This review showed that fMRI research examining levels of processing in richer contexts, by using contextualized stimuli in larger chunks, such as expository texts, is scarce.
The main reason is that the MRI scanner is a very noisy environment, in which the subjects have to lie as still as possible. Therefore, participants see stimuli projected on a
small hanging mirror and are mostly asked to respond by pressing buttons. As a consequence, it is hard to present large chunks of information. Although, we believe fMRI
research can add to the field of levels of processing, it is currently a bridge too far in the
field of text learning.

General discussion
In this section, we further elaborate on what we can take away from this dissertation.
We will both discuss the theoretical and methodological contributions of this dissertation and identify the paths forward for future research. This section is organized in accordance with the three central questions in this dissertation (Figure 3). We reformulated the questions for the general discussion of this dissertation.
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Figure 3. Central questions in this dissertation

Can eye see your levels of processing?
Longer second pass fixation durations reflect deeper processing but not always/solely
deep processing
Eye movement research has been used extensively to better understand reading processes at the word and sentence level, the text level, and the level of multiple documents (Hyönä et al., 2003; Jarodzka & Brand-Gruwel, 2017; Rayner, 2009). Eye movement research focuses on the micro-processes of reading. Theorists have emphasized
that the text related processing strategy adopted by a reader/student will have strong
effects on micro-processes and on the construction of the mental representation
(Hyönä et al., 2002; Kintsch, 1998; Kintsch & van Dijk, 1978). Focusing on text learning,
first pass and second pass reading times are often used as eye movement duration
measures (Holmqvist et al., 2011; Hyönä et al., 2003; Jarodzka & Brand-Gruwel, 2017).
First pass reading times are an indication of early processing and object recognition
(Holmqvist & Andersson, 2017; Hyönä et al., 2003). Second pass reading times reflect
processes happening later in comprehension (Holmqvist & Andersson, 2017), such as
high-level or deeper cognitive processing (Ariasi & Mason, 2011; Holmqvist &
Andersson, 2017; Penttinen et al., 2013) and attempts to reinstate text information into
working memory in order to elaborate on it or rehearse it (Hyönä & Lorch, 2004).
Deeper cognitive processing, as referred to in eye movement research (Ariasi & Mason,
2011; Holmqvist & Andersson, 2017; Penttinen et al., 2013), is not the same as deep
processing, as defined by theoretical models on students’ levels of processing
(Alexander, 1997; Richardson, 2015; Vermunt & Donche, 2017). Deep processing, as
defined in theoretical models on levels of processing, refers to the intention to understand what the author wants to say in the text, to engage in meaningful learning, to
relate the content of the text to a wider context and prior knowledge, and to focus on
the main themes and key information in the text (Alexander, 1997; Dinsmore, 2017;
Dinsmore & Alexander, 2016; Fox, 2009; Pressley & Afflerbach, 1995; Vermunt &
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Donche, 2017). The first study of this dissertation showed that when students received
reproduction-oriented questions that they processed details in the text more thoroughly than students who received questions aimed at deeper processing. This study showed
that longer second pass fixation durations can also be related to surface levels of processing and, thus, do not always reflect the deep levels of processing as referred to in
theoretical models on levels of processing. The second and third studies both provided
evidence that longer second pass fixation durations do not solely reflect deep levels of
processing. The second study showed that longer second pass fixation durations are an
indication of the multiple use of processing strategies, namely, combining both surface
and deep levels of processing. The third study highlighted the fact that longer second
pass fixation durations are a reflection of deep levels of processing only in combination
with a high topic interest for key sentences. Both previous eye tracking studies (Ariasi et
al., 2017; Ariasi & Mason, 2011; Holmqvist & Andersson, 2017; Hyönä & Lorch, 2004;
Hyönä et al., 2002; Hyönä et al., 2003; Rayner et al., 2006) and our studies showed that
second pass fixation durations can be an indication of different cognitive processes,
such as comprehension monitoring, deeper processing, difficulty with text passages,
multiple use of processing strategies, and deeper processing in combination with interest, among others. Therefore, we strongly want to emphasize the importance of combining eye movements with verbal reports in order to gain more insight into the underlying reasons for processing behaviour (Penttinen et al., 2013; van Gog & Jarodzka,
2013; van Gog, Paas, & Van Merrienboer, 2005; van Gog, Paas, van Merrienboer, et al.,
2005). Our second study showed that cued retrospective think-alouds provided more
information on the underlying motivation for levels of processing and thus provide
important information to further understand the nature of levels of processing that is
not reflected in eye movements.
In our studies, we focused on first pass and second pass duration measures to analyse
eye movement data, similar to other eye tracking studies on text learning and reading
comprehension (Ariasi et al., 2017; Hyönä et al., 2003; Kaakinen & Hyönä, 2005, 2007;
Yeari et al., 2016; Yeari et al., 2015). However, we are convinced that measures other
than duration measures would be interesting to examine as well. As indicated in the
work of Holmqvist and Andersson (2017), common analyses for reading texts and textbooks are the distribution of fixation times in areas of interest, sequence orders of areas of interest and transitions between areas of interest. Former self-report research has
shown that deep processing, not only refers to deeper processing of the key sentences
in a text, but also to integrating information across the text (Alexander, 1997; Dinsmore,
2017; Dinsmore & Alexander, 2016; Fox, 2009; Pressley & Afflerbach, 1995; Vermunt &
Donche, 2017). Therefore, analysing transition matrices would be a promising avenue to
further investigate the relation between levels of processing and eye movements. Transitions are movements between areas of interest and are counted for pairs of areas of
interest (Holmqvist & Andersson, 2017), for instance, the number of transitions from a
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key sentence to another sentence. If key sentences are used as anchor points to process the rest of the text or not could be analysed. This kind of analysis could provide
insight into how students build up their mental representation of the text. Studies 2 and
3 showed that students who mostly used deep levels of processing and students who
mostly used surface levels of processing were not selective in processing key sentences,
detailed sentences and other sentences. However, it could be the case that the order in
which sentences are reread differs for these students. This kind of analysis could clarify
whether typically deep processors use key sentences as anchor points and whether,
typically, surface processors use detailed sentences as anchor points in order to build
up their mental representation of the text. Therefore, we suggest that future research
should look further into this kind of analysis as well and to go beyond solely analysing
eye movement duration measures.
A limitation of using eye movements with a screen-based eye tracker (i.e., the eye tracking equipment is integrated into the computer screen) to examine students’ levels of
processing, is that we were only able to investigate students’ mental or covert processing strategies. Overt processing strategies produce physical records, such as text
notes, summaries, mind maps, while covert strategies do not produce this kind of record and refer to internal mental learning processes (Kardash & Amlund, 1991; Merchie
& Van Keer, 2014b). In our studies, it was not possible to examine overt processing
strategies. Therefore, future research should address how eye movement glasses can
be used in order to capture a richer repertoire of processing (both overt and covert
strategies). Eye movement glasses are worn as normal glasses and, thus, allow the students to freely inspect and interact with all kinds of learning materials. However, there
is a downside on using eye movement glasses because the data is more complex to
analyse than with screen-based eye trackers (Holmqvist & Andersson, 2017). The computer overlays the gaze date onto the scene video, and shows a with a marker where
the participant is looking. Even if there is a data file, the coordinates of the data refer to
the positions in the video and not to positions in the text. Each dataset for each participant will thus be different, which makes it less straight forward to analyse the data
afterwards (Holmqvist & Andersson, 2017).
Reading/looking does not equal learning but learning starts with reading/looking
According to Fox (2009), processing strategies act as the link between what a student/reader brings to a text and what they will learn from it. While reading from the
text, students interact with the text in order to actively construct their own mental
representation (Fox, 2009; Kintsch, 1998). The reading process thus acts as a first step
into the learning process and into building up the mental representation. However,
learning from a text is defined as the permanent integration of text information into the
general world knowledge network of the student (Ferstl & Kintsch, 1999). Therefore,
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successful integration of the text information into a student’s own knowledge base
might require processing the text more than once (Fox, 2009).
We attributed the similarities between groups of students (Studies 1 and 2) and the
non-selectivity within groups of students (Study 2) when processing the expository text
to the fact that they could only process the text at one point in time. We discussed the
fact that students are perhaps not selective when they process the text for the first time
and will be more selective during repeated reading. Studies by Hyönä et al. (2002) and
Hyönä and Nurminen (2006) demonstrated that not all readers use selective processing
strategies and that some students just do not reread or they reread everything when
reading an expository text. The research by Hyönä and Niemi (1990) examined repeated
reading of an expository text and showed that students became faster during rereading
and, thus, concluded that rereading facilitates comprehension. Moreover, important
and unimportant sentences were not processed differently during rereading. However,
the authors found it quite striking that structurally important ideas demanded fewer
processing resources than details. They attributed this to the fact that detailed sections
covered different themes and, therefore, students may slow down to detect topic shifts
and to the fact that detailed sections had a higher information density than the other
sections (Hyönä & Niemi, 1990).
For future research, we want to stress the importance of examining repeated reading of
expository texts. Firstly, we should examine whether selective processing occurs later in
time. Secondly, we should capture the learning process at a later point in time and as
such, it will be possible to measure the online process during another phase of learning
from the text, namely, the integration text information to the student’s own knowledge
(Ferstl & Kintsch, 1999). Based on the findings of Hyönä and Niemi (1990), we strongly
suggest controlling for information density of the different sentence types, which need
to be compared. In our research, we used T-scan to compare different sentence types
on lexical and sentence complexity (Pander Maat et al., 2014).
We believe it is a necessary step for future research to include students’ learning outcomes as well. Empirical research on the relation between students’ levels of processing
or processing strategies and learning outcomes remains inconclusive so far (Baeten et
al., 2010; Dinsmore & Alexander, 2012; Vermunt & Donche, 2017). One of the main
reasons is that the learning outcomes and levels of processing are measured at a more
general level, over the course of a whole year (Dinsmore & Alexander, 2012). Research
focusing on specific learning tasks may provide more clarifying answers regarding the
relation between levels of processing and learning outcomes (Alexander, 2017;
Dinsmore & Alexander, 2012). In addition, our Study 1 showed that students in the
surface condition reread details longer, while Study 2 indicated that students combining
deep and surface levels of processing reread the text longer and Study 3 showed that
highly interested students, who adopted deep levels of processing, reread key sentenc-
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es longer than the details. By including learning outcomes in future research, one could
verify whether students who reread information in the text more thoroughly, would
also recall this information better.
The mental representations that students develop when learning from a text can differ
in levels of detail, levels of completeness and coherence and in how background
knowledge is incorporated (Fox, 2009; Kintsch, 1998). Fox (2009) determined four stages of a mental representation when learning from a text: (1) the textbase, including text
information and the relation between propositions in the text; (2) the situation model,
including the integration of the text information with the students’ background
knowledge; (3) the situation model that is incorporated in the students’ existing
knowledge base; (4) the author model, representing the text as the product of the author who wrote it. The first two levels are based on the work of Kintsch (1998). However, not all students construct all models (Fox, 2009; Kintsch, 1998; Kintsch & van Dijk,
1978; Pressley & Afflerbach, 1995) and this affects what students may show in terms of
what they have learned from a text (Fox, 2009). It is a continuing challenge for researchers to develop assessments and tasks that can target these different levels of
mental representations (Kintsch, 1998) and it is an important aspect to take into account for future research when including students’ learning outcomes.
Students walk (a part of) the talk
In all empirical studies of this dissertation, we combined different measures at different
contextual levels to examine students’ levels of processing in across-method-and-time
multi-method designs. In the first study, we combined eye movement data with cued
retrospective think-aloud protocols. In the second study, we combined general selfreport questionnaires with eye movement data and in the third study, we combined
general self-report questionnaires, eye movement data and cued retrospective thinkaloud protocols. Eye movement duration measures give us information on the effort
that a student puts into processing the text; the longer the duration the deeper the
processing (Ariasi & Mason, 2011; Holmqvist & Andersson, 2017; Penttinen et al.,
2013). But as already discussed in the first part of this general discussion, longer durations do not always/solely reflect deep processing as defined in theoretical models on
the student’s levels of processing. Cued retrospective think-aloud protocols capture
both aspects of the multiple use and nature of levels of processing (Dinsmore &
Zoellner, 2017). In addition, think-aloud protocols can also capture how well a strategy
is executed (Dinsmore, 2017). Both eye movement data and cued retrospective thinkaloud protocols capture levels of processing at a specific task level. General self-report
questionnaires capture the students’ general disposition towards levels of processing,
irrespective of the learning task (Lonka et al., 2004; Schellings, 2011; Schellings & van
Hout-Wolters, 2011; Vermunt & Donche, 2017).
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The aim of this dissertation was to get more insight into students’ processing strategies
by applying multi-method designs that capture different aspects of processing strategies. Overall, we can conclude that we found partly convergent evidence between what
students report to do and what their eyes show. In Study 1, eye movements offered
complementary evidence for the cued retrospective think-aloud data by indicating that
students in the surface condition processed details more thoroughly than students in
the deep condition. In Study 2, eye movements and self-report questionnaires showed
converging evidence for students reporting to use a high amount of levels of processing
in comparison with students reporting to use a low amount of levels of processing.
However, eye movements failed to show differences between typical deep and surface
learners. We refrain from stating that this may be an indication of contradictory or divergent evidence, because we strongly believe that we should first clear out other aspects, such as repeated reading/learning of texts and other analysis techniques, before
stating that deep and surface learners do not differ from each other at all on a taskspecific level. In Study 3, we replicated the findings from the second study by showing
that eye movement data show no differences when related to the levels of processing
as measured with general self-report questionnaires. Students who reported using
deeper processing in the cued retrospective think-aloud protocols were quicker in rereading the text, but they did not process key sentences more differently than detailed
sentences. Furthermore, it does provide evidence that other motivational learner characteristics play an important role and do affect eye movement data.
Based on the studies in this dissertation, we can conclude that students walk a part of
the talk and eye movements reflect partly what they report on their levels of processing. We agree with Schellings (2011) in that different instruments capture different
types of data and lead to different conclusions. Therefore, we do not want to suggest
one research instrument as being the best for examining the students’ levels of processing but want to underline the importance of combining different measurement
instruments in multi-method designs. By combining different methods, the power of
each method is taken to obtain a comprehensive picture and deep insight into students’
levels of processing (Schellings, 2011; Schellings & van Hout-Wolters, 2011). We hereby
also want to emphasize that no instrument has a greater value than another, however,
it is the combination of methods that results in the greatest strength. This dissertation
took a step forward methodologically by moving beyond pure correlational analysis in
multi-method designs (Schellings & van Hout-Wolters, 2011; Veenman, 2005). Mostly
low to moderate correlations were found in previous multi-method designs where general self-report questionnaires were combined with think-aloud data (Schellings, 2011;
Veenman, 2005). However, we agree that these low correlations are not so problematic
because we compared the students’ general disposition towards levels of processing
with task-specific levels of processing (Schellings, 2011). Although previous research
(Baeten et al., 2010; Kirby et al., 2012), and our own research, showed that a student’s
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general disposition towards levels of processing influences how they process learning
contents to some extent, we should not expect a pure overlap here (Schellings, 2011;
Schellings & van Hout-Wolters, 2011). In our opinion, self-report questionnaires are still
valuable to investigate the students’ general disposition towards processing strategies.
Our research even shows that results from these self-report questionnaires can predict
differences in students’ eye movements at a task-specific level together with topic interest. Thus, it is not only multi-method designs, which are important in order to gain a
more comprehensive picture of students’ levels of processing, but examining the multidimensional nature of text learning as well. The multidimensional nature refers to the
interplay between important motivational and cognitive student characteristics
(Alexander, 2017)
In the current studies, we added the multiple use and the nature of levels of processing
as a predictor for explaining differences in eye movements. Our research showed that
both general self-report questionnaires and cued retrospective think-aloud protocols
allowed us to explain the differences in students’ eye movements and their learning
process. However, a recent review of Dinsmore (2017) indicated that how well a strategy is used and how appropriate the chosen strategy is are better predictors of learning
outcomes than the measures that we used. It would be interesting for future research
to see how these aspects of students’ processing strategies can explain the differences
in eye movements and to verify whether these better predictors for learning outcomes
are also good predictors to explain differences in the learning process.

Can eye see more than just your levels of processing?
The interplay between learner characteristics and levels of processing affects eye
movements
Different student characteristics shape how students build up their mental representation during text learning (Alexander & Jetton, 1996; Fox, 2009; Jarodzka & BrandGruwel, 2017; Kendeou & Trevors, 2012; Kintsch, 1998; McNamara, 2011, 2012). Important models on deep and surface levels of processing stress the importance of the
interplay between learner characteristics and the nature of processing (Alexander,
1997; Richardson, 2015; Vermunt & Donche, 2017). Important learner characteristics
that affect the nature of processing during learning are the students’ general disposition
towards levels of processing, interest, motivation, prior knowledge, working memory
capacity, personality, regulation and emotions (Baeten et al., 2010; Vermunt, 2005;
Vermunt & Donche, 2017).
Students’ general disposition towards deep and surface processing can have an important influence on how they learn from texts (Kirby et al., 2012), especially on what
they perceive to be relevant or important in the text (Kendeou & Trevors, 2012). Study
2 showed that students with a general disposition towards combining deep and surface
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levels of processing reread the text more thoroughly than students who were lacking in
the use levels of processing. We believe this reflects the uni-dimensional effect of the
students’ general disposition towards levels of processing on their actual processing
during learning from a text. Also, Study 3 focused on the effects of the students’ general
disposition towards levels of processing on eye movements during learning from expository texts. We did not examine different learning profiles, but added the scores on deep
and surface levels separately as predictors and could not find any effect on the students’ eye movements. However, Study 3 provided evidence for the multidimensional
nature of text learning. More specifically, highly interested students, who use deep
levels of processing, reread key sentences in a text for longer than detailed sentences
and thus process these key sentences more deeply. This study emphasizes the importance of the interplay between levels of processing and other learner characteristics
in order to fully understand the learning process. In addition, it shows that the selectivity in processing different sentences is the result of a more complex interplay between
different learner characteristics and is not solely determined by the levels of processing.
Although this was already assumed in theoretical frameworks and empirical research
focusing on learning outcomes (Alexander & Jetton, 1996; Schiefele, 1996, 1999, 2012;
Schiefele & Krapp, 1996), this study is the first to show these effects during the online
learning and reading process.
Consequently, we strongly advise for future research to further examine the relationship between different learner characteristics and levels of processing in order to unravel the multidimensional nature of learning from a text (Alexander, 2017). Fox (2009)
emphasizes that students do not operate in a vacuum and bring their own interest,
prior knowledge and a different repertoire of processing strategies with them. The
complex interplay between important learner characteristics that have been examined
in a uni-dimensional relationship to text learning, such as topic interest (Schiefele, 1996,
1999; Schiefele & Krapp, 1996), prior knowledge (Alexander, 1997; Alexander & Jetton,
1996; Kaakinen et al., 2003), and working memory capacity (Kaakinen et al., 2003) could
be examined in a multidimensional way. It can provide clarifying insights into the selectivity of processing different sentences in the text, as well as in the students’ processing
of the complete text (Jarodzka & Brand-Gruwel, 2017). In addition, it may provide clear
answers of which combination of levels of processing and several learner characteristics
leads to desirable learning processes and outcomes.
The interplay between contextual characteristics and levels of processing affects eye
movement measures
Early work on eye movements and vision showed the important influence of the learning task on the participants’ eye movements (Yarbus, 1967). Also, reading and learning
from a text may occur with diverse tasks in mind, such as reading, in order to give a
presentation, reading in order to answer closed-ended questions, reading in order to
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answer open-ended questions, reading for entertainment, reading in order to find relevant information, etc. (Kaakinen & Hyönä, 2005, 2007, 2008, 2010; Kaakinen et al.,
2002; Yeari et al., 2016; Yeari et al., 2015). In addition, researchers examining students’
levels of processing agree that one of the most salient contextual variables influencing
the levels of processing is the assessment method (Baeten et al., 2010; Gielen et al.,
2003; Segers et al., 2006). This is also known as the backwash-effect of assessment
(Baeten et al., 2010; Gielen et al., 2003; Segers et al., 2006).
The first study showed that the assessment demands influence how the students’ process different types of information in the text. More specifically, students who were
expecting reproduction-oriented questions processed the details more thoroughly and
repeated these details more often. However, students in the deep condition did not
look longer at essentials in the text, but this can be explained by the fact that incorporating key information in the mental representation can be achieved mentally, or can
result in overt behaviour in which students actively reread essential parts (Hyönä et al.,
2003; Kaakinen & Hyönä, 2008). Other research showed that key information or central
ideas in the text is learned regardless of strategy use and is necessary for building a
mental representation of the text (Lonka, Lindblom-Ylänne, & Maury, 1994; van Dijk &
Kintsch, 1983). In the second study, all students received the same instruction for learning the text, namely, they needed to learn the text in order to answer questions on the
content afterwards. It was not further specified which type of questions students could
expect. Therefore, it may come as no surprise that students processed details and key
sentences in a similar way in order to prepare for all kinds of questions. In the third
study, all students received the instruction to study the text material like they would do
when preparing for exams. Again, it was no surprise that students using different levels
of processing were not selective in processing key sentences and details, as the learning
task was quite general. Future research could clarify whether students are indeed very
flexible in processing the learning content and preparing for all kinds of questions irrespective of their general disposition towards levels of processing.
It is not only the learning task, which can influence students’ levels of processing, but
also the text characteristics influence how students process the text (Kendeou &
Trevors, 2012). We focused on expository texts in all of our studies. Next to expository
texts, refutation texts were used to persuade students to change their previously held
beliefs by explicitly stating misconceptions and explaining the correct ideas (Ariasi &
Mason, 2011; Kendeou & Trevors, 2012; Saul & Dieckman, 2005). This type of text is
often used in the sciences, because within these disciplines students hold a lot of misconceptions (Kendeou & Trevors, 2012). Refutation texts often result in better learning
outcomes, but also lead to differences in cognitive processing (Kendeou & Trevors,
2012). In a recent eye movement study, Ariasi et al. (2017) examined the differences in
learning of higher education students when reading from an expository and refutation
text. Their results demonstrated that students elaborated more on the refutation than
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the expository text. For future research, it would be interesting to examine the students’ levels of processing in relation to both types of texts.

Is fMRI a bridge too far?
Neuroscience can provide further insight into the distinction between deep and surface
levels of processing
In 1997, Bruer published a paper in which he claimed that neuroscience was a bridge
too far for educational research (Bruer, 1997), meaning that we cannot draw implications for educational practice directly from neuroscientific research. However, together
with other researchers, he believed that a two-way path is possible in which education
can be linked to cognitive science in fields, such as educational and cognitive psychology
and cognitive science can be linked to neuroscience (Bruer, 1997; Mason, 2009; Mayer,
1998). And as student learning takes place in the brain, neuroscience is a relevant research area to further look into (Mayer, 1998). In the educational psychology literature,
researchers have emphasized that we should not see deep and surface levels of processing as a pure dichotomy that are at the ends of a continuum (Dinsmore &
Alexander, 2016; Lonka et al., 2004; Vanthournout et al., 2013). Most of the time students combine several levels of processing while learning, and, consequently, how students learn cannot by characterized by one single processing strategy (Donche & Van
Petegem, 2009; Vanthournout et al., 2013). Our own eye movement studies have also
provided evidence for the fact that deep and surface levels of processing are often
combined when learning. Neuroscientific research can provide more insight on whether
differences between deep and surface levels of processing are qualitative (i.e., activations in different brain regions) or quantitative (i.e., overlapping brain regions, but differences in the level of activation) in nature (Galli, 2014). More specifically, it has the
opportunity to indicate whether deep and surface levels of processing are overlapping
constructs or not.
It is not a bridge too far when investigating levels of processing at the word level
In accordance with what other researchers have mentioned as being challenges for
neuroscientific research (Mason, 2009; Mayer, 1998; Varma et al., 2008; Willems,
2015), our systematic review indicated that very basic learning tasks are used in neuroimaging research. The levels-of-processing effect was mostly examined at the word
level and we suggest two possible explanations for this. Firstly, the practical constraints
of the MRI scanner result in the use of very basic learning tasks. Secondly, Craik and
Lockhart’s (1972) levels-of-processing framework was extensively investigated in experimental research at the word level on memory (Gallo, Meadow, Johnson, & Foster,
2008; Sporer, 1991; Weinstein, Bugg, & Roediger, 2008). In addition, this line of experimental research provided clear and convergent outcomes, namely, that deep levels of
processing lead to better recall performance than surface levels of processing
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(Richardson, 2015). These robust findings at the behavioural level serve as a good start
to set up neuroscientific research, because clear hypotheses can be tested (Mayer,
1998). We can conclude that fMRI research is no bridge too far when it is used to gain
more insight into levels of processing at the word level. However, we want to emphasize that a great variety of encoding tasks is used in this line of research, making it hard
to compare studies. Our review and the review of Galli (2014) indicated that it is hard to
precisely separate between deep and surface encoding tasks. Galli (2014) suggested
that this is one of the main reasons why neuroscientific research is offering mixed evidence on whether the distinction between deep and surface levels of processing is
qualitative or quantitative in nature.
We believe that future research could help to clarify how differences in learning tasks,
especially within one condition (i.e., deep or surface), may affect the results from brain
imaging studies. As discussed in our review, some tasks are at the clear ends of the
semantic-structural axis, while others are more located somewhere in the middle. Possibly, eye movement registration can also offer information on the underlying cognitive
processes during the different tasks, as it has a rich tradition of empirical research at
the word level (Rayner, 2009).
Currently it is a bridge too far when investigating levels of processing at the text level
In the introduction of this dissertation, we discussed several theoretical frameworks on
deep and surface levels of processing. The levels-of-processing framework of Craik and
Lockhart (1972) and Marton and Säljö (1976) are both based on experimental work.
Although, Craik and Lockhart (1972) claimed that their framework was applicable to
several contexts, it was mostly investigated at a more fine-grained size (i.e., the word
level) than the framework of Marton and Säljö (1976) (i.e., the text level). In the beginning, Marton and Säljö did similar experiments at the word level and gradually built up
their research to richer contextual levels, such as academic texts (Richardson, 2000,
2015). Neuroscientific research could follow the same path from experiments at the
word level to experiments at the text level. Our review indicated that some studies have
already moved into studying differences in reading strategies at the text level (Moss &
Schunn, 2015; Moss et al., 2013; Moss et al., 2011). However, in our opinion fMRI may
be a bridge too far at the moment to examine differences in levels of processing at the
text level. We believe this firstly because, in the studies of Moss and colleagues, participants were not able to look back at the short paragraphs (Moss & Schunn, 2015; Moss
et al., 2013; Moss et al., 2011). Short paragraphs of two to four sentences were presented only at one point in time. However, there is a vast tradition of eye movement
research that shows that look back behaviour is a crucial aspect for strategic and deeper
cognitive processing when processing words, sentences and texts (Ariasi et al., 2017;
Holmqvist et al., 2011; Jarodzka & Brand-Gruwel, 2017; Penttinen et al., 2013; Rayner,
2009). Especially in text comprehension, it is not only crucial to look back within words
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or sentences, but also within and between paragraphs (Hyönä et al., 2003; Jarodzka &
Brand-Gruwel, 2017). However, this is not (yet) possible in fMRI research. A second
reason, why we believe it is a bridge too far, is that we first need to gain more insight
into how levels of processing are reflected in behavioural measures before we move to
neuroscientific research. As discussed in the introduction of this dissertation, levels of
processing were mostly measured with self-report questionnaires at a more general
level by which the learning task was neglected (Dinsmore & Alexander, 2012; Fryer,
2017; Vermunt & Donche, 2017). It is only more recently that think-aloud protocols
(Dinsmore & Alexander, 2016; Fox, 2009) and eye movement registration in our own
studies have been used to investigate differences in levels of processing during text
learning. In particular, in our first study where we manipulated students’ levels of processing, we observed that surface processors looked longer at details than at key sentences. However, we believe that this finding needs to be replicated and only when
converging evidence is found we could move to new techniques, such as brain imaging
methods. This was also suggested by Bruer (1997) that we should first focus on what
behavioural science can already tell us about learning.
For future research, we agree with the suggestion of Varma et al. (2008) that, in order
to move beyond the practical constraints of the MRI scanner, more contextual rich
learning tasks could be given outside the scanner. However, in our opinion, fMRI will
become an online outcome measure and not an online learning process measure. If
students get more complex tasks outside the scanner and are then scanned during
memory tests as suggested by Varma et al. (2008), it is not a pure online measure that
captures learning during the learning process. Another suggestion for future research, is
to support dialogue and communication between educational researchers, cognitive
psychologists, educational psychologists and cognitive neuroscientists in order to move
the field forward and to bring the fields together (Bruer, 1997; Howard-Jones, 2008;
Howard-Jones & Fenton, 2011; Mason, 2009; Mayer, 1998; Varma et al., 2008). As our
review indicated, it should be explicitly stated which theoretical framework is examined
and how insights of neuroscientific research can complement, or supplement, more
traditional research in the past. A last suggestion is to explore other brain imaging
methods that can be used together with eye movement registration. Our review indicated that up to now, most fMRI results are combined with learning outcome measures
(i.e., recall and recognition measures) and not with learning process measures.
Kaakinen (2017), in a recent book argues that EEG offers a good alternative to examining reading processes during text learning in combination with eye movements. Compared to fMRI, EEG can be used to examine more ecologically valid learning tasks and
allows researchers to combine different learning process measures. In addition, from a
more practical point of view, eye-tracking companies, such as Tobii Pro and EyeLink,
provide software to synchronize EEG and eye movement data.
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Implications
To convert the results of this dissertation for practice in learning and instruction, we
formulate suggestions for both research practice and educational practice. As the research within this dissertation is very fundamental in nature, we are limited in providing
recommendations for educational practice.

Implications for research practice
Based on this dissertation, we want to stress the importance of adapting multi-method
designs for educational research and to avoid relying on one single method or instrument to examine students’ levels of processing and learning processes (Schellings,
2011; Schellings & van Hout-Wolters, 2011; Veenman, 2005). Levels of processing and
many learning processes are complex and multidimensional in nature (Alexander, 2017)
and, therefore, it is impossible to capture all aspects of learning with one single method.
More specifically, our research demonstrated the added value of cued retrospective
think-aloud protocols and self-report questionnaires in order to interpret eye movement data within educational research. We want to stress the importance of combining
eye movement data with verbal reports in order to understand the underlying reasons
of processing behaviour.
With regard to analysing the eye movement data on learning from a text, we want to
emphasize the strengths of applying mixed effects models. Although this analytic technique was described in good practices by different researchers in 2008 (Baayen, 2008;
Baayen et al., 2008; Quené & van den Bergh, 2008), it is only very recently that eye
tracking researchers have adapted this analysis technique to examine eye movement
data on reading/learning from texts, for example, our own research and the work of
Ariasi et al. (2017). Mixed effects models offer several advantages in comparison with
other techniques, such as repeated measures ANOVA (Baayen, 2008; Baayen et al.,
2008; Quené & van den Bergh, 2008). A first advantage is that mixed effects models
offer more statistical power by conducting analysis on the sentence level instead of on
the subject level (Baayen, 2008; Baayen et al., 2008; Quené & van den Bergh, 2008).
Furthermore, mixed effects models have a lower risk of capitalization on chance, i.e.,
type I error (Quené & van den Bergh, 2008). Other advantages of mixed effects models
include, among others, better methods for treating continuous responses and better
methods for modeling heteroscedasticity and non-spherical error variance. In addition,
by treating subjects, sentences and texts (if applicable) as crossed items, results can be
jointly generalized over similar subjects, sentences and texts (Baayen, 2008; Quené &
van den Bergh, 2008). Subjects, sentences and texts are sampled from a larger population and it is thus important to take this into account in the analysis. Thus, we highly
recommend applying mixed effects models for the analysis of eye movement data.
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Furthermore, we recommend using visualization techniques in order to check the distribution of eye movement measures because eye movement measures are skewed
measures. In the R interface, we used the Fitdistrplus package (Delignette-Muller &
Dutang, 2015). Mostly, eye movement duration measures follow the gamma or the
lognormal distribution (Holmqvist & Andersson, 2017). To deal with the skewness, data
can be logarithmically transformed and linear mixed effects models can be used
(Baayen, 2008; Baayen et al., 2008; Lo & Andrews, 2015), or the distribution can be
incorporated in the models and generalized linear mixed effects models can be used (Lo
& Andrews, 2015). The first approach was used in the third study and the second approach in the second study. For the third study, we compared both approaches (i.e.,
generalized linear mixed effects models with the gamma distribution and linear mixed
effects models with the log transformation) and they result in the same findings. Currently, GLMM’s are harder to estimate in R and as a consequence convergence warnings are quite common in estimating these models. Therefore, we currently suggest
applying LMM’s with the log transformation in order to analyse eye movement data to
overcome convergence warnings.

Implications for educational practice
As research within this dissertation is very fundamental in nature, we cannot provide
direct solutions for educational practice. However, our research shows that it is of crucial importance to spark students’ interest in combination with deep levels of processing. The most critical question in education is how can we sparkle students’ interest
for the learning task at hand (Renninger & Hidi, 2011, 2016). Important reviews on the
relation between interest and learning indicate that situational interest can be generated through text characteristics on the one hand, and through the learning situation on
the other hand (Alexander & Jetton, 1996; Hidi, 2001; Renninger & Hidi, 2011). There
are a variety of text characteristics, which contribute to the level of interest of the texts:
the ease of comprehension (i.e., how easy the text is to remember or comprehend),
text cohesion (i.e., how well organized and clear the text is), vividness (i.e., how exciting
or vivid information is presented in the text), and a high level of reader engagement
(i.e., how thought provoking or stimulating the text is) among others (Alexander &
Jetton, 1996; Hidi, 2001; Schraw, Bruning, & Svoboda, 1995). These characteristics can
be taken into account by instructional developers and teachers when designing the
learning content/materials. The learning situation can foster the students’ interest as
well (Hidi, 2001; Renninger & Hidi, 2011). Sansone (2009) demonstrated that students
are able to self-generate interest by using strategies to make the learning task more
interesting for themselves. For example, when students are provided with a reason to
value a certain learning task, they adapt strategies to make boring tasks more interesting to themselves. Also, F. S. Azevedo (2006) emphasized that students can selfgenerate interest when they have time, flexibility and feelings of competence. In addi-
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tion, the learning task or reading goals can influence situational interest (Hidi, 2001; Hidi
& Harackiewicz, 2000; Renninger & Hidi, 2011; Schraw & Dennison, 1994). The research
of Schraw and Dennison (1994) showed that the reading goal, not only influenced what
information was perceived as relevant, but also that students also perceived the relevant information as more interesting. To sum up, stimulating situational interest can be
a way for teachers to motivate those students who did not have a preexisting individual
interest for the learning content and to help them in making academic gains (Hidi,
2001). The learning task or reading goals, not only influence situational interest, but also
influence how students process the learning content. As demonstrated by our research,
different assessment demands can lead to different processing behaviour. Thus, as
teachers, it is good to be aware of the assessment demands and how they can influence
student learning.

Key findings
• Eye movement registration, followed by a cued retrospective think-aloud protocol,
is a fruitful way to gain a comprehensive understanding of students’ levels of processing while learning from an expository text.
• Students, who were primed to use surface levels of processing, reread details more
than students who are primed to use deep levels of processing.
• The combination of deep and surface levels of processing is reflected in eye movements in comparison with a limited use of deep and surface levels of processing.
• Deep or surface levels of processing alone do not explain differences in strategic
rereading times of key sentences versus detailed sentences.
• There is an important interplay between topic interest and deep levels of processing
as reflected in strategic rereading times.
• Self-report questionnaires, which measure the students’ general disposition towards
levels of processing, offer convergent validity with task-specific measures in combination with important motivational characteristics for learning.
• There is no ‘one best measure’ to examine levels of processing, it is the combination
of different measures that offers the greatest strength.
• Currently, fMRI research is a bridge too far in order to examine the levels of processing during text learning.
To conclude, I end this dissertation the way I started it by using two quotes that illustrate the importance of examining learning with eye movements during the reading
process and by emphasizing the need to further investigate levels of processing at the
task level in relation to important learner characteristics, contextual characteristics and
learning outcomes.
“Nothing is in the intellect that was not first in the senses” (Thomas Aquinas)
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“This changes the question that should be asked from what is the relation between levels of processing and learning outcomes to what is the relation between
levels of processing and learning outcomes for whom, at what point in development, in what situations and, for what end?” (Dinsmore & Alexander, 2012)
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Dit proefschrift leverde vernieuwende inzichten op over hoe studenten informatieve
teksten verwerken en benadrukt het belang van de combinatie van online en offline
meetmethodes om verwerkingsstrategieën in kaart te brengen. In deze samenvatting
geven we eerst aan waarom het belangrijk is om verwerkingsstrategieën op een meer
diepgaande manier te meten door gebruik te maken van zowel offline en online meetmethodes. Vervolgens vatten we per studie de hoofdconclusies van dit proefschrift
samen.

De behoefte om verwerkingsstrategieën op een meer diepgaande
manier te meten
Een van de doelen van onderwijskundig onderzoek is om meer inzicht te krijgen in leerprocessen van studenten en vervolgens om die leerprocessen te verbeteren (Gijbels et
al., 2014; Kendeou & Trevors, 2012). Binnen hoger onderwijs zijn informatieve teksten
een belangrijke bron van informatie waardoor studenten kennis opbouwen. Studenten
maken een mentale voorstelling van de tekst tijdens het studeren (Kendeou & Trevors,
2012; Kintsch, 1998), maar deze mentale voorstelling komt niet bij elke student op
dezelfde manier tot stand aangezien er belangrijke factoren zijn die een invloed hebben
op dit proces (Alexander & Jetton, 1996; Fox, 2009; Jarodzka & Brand-Gruwel, 2017;
Kendeou & Trevors, 2012). De verwerkingsstrategieën die studenten gebruiken hebben
een belangrijke invloed op dit proces en op hoe studenten leren van een informatieve
tekst. Binnen de verwerkingsstrategieën wordt een onderscheid wordt gemaakt tussen
diepe verwerking, zoals het kritisch verwerken van leerinhoud, en oppervlakkige verwerking, zoals het memoriseren van leerinhoud (Alexander & Jetton, 1996; Dinsmore &
Alexander, 2016; Kirby et al., 2012).
Theorieën bevestigen dat de verwerkingsstrategieën die studenten gebruiken kunnen
variëren van leertaak tot leertaak (Alexander, 1997; Dinsmore, 2017; Richardson, 2015;
Vermunt & Donche, 2017). Er is heel wat onderzoek gevoerd naar de algemene voorkeur die studenten hebben voor verwerkingsstrategieën voor een bepaald vak of de
strategie die ze gebruiken gedurende een academiejaar (Fryer, 2017; Vermunt & Donche, 2017). Toch stellen we vast dat er weinig onderzoek is naar het gebruik van verwerkingsstrategieën tijdens een specifieke leertaak (Fryer, 2017; Vermunt & Donche,
2017). Verschillende onderzoekers zijn het er echter over eens dat de algemene voorkeur voor verwerkingsstrategieën niet altijd een goede indicator is van de verwerkingsstrategieën die een student gebruikt gedurende een specifieke leertaak (Perry & Winne,
2006; Richardson, 2004; Samuelsten & Bråten, 2007; Schellings et al., 2012; Veenman,
2005). Daarom is het belangrijk om meer aandacht te spenderen aan het meten van
verwerkingsstrategieën op taakniveau en verder te onderzoeken hoe dit in verband
staat met de algemene voorkeur voor verwerkingsstrategieën (Figuur 1). Meetmetho-
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des die de algemene voorkeur in kaart brengen zijn altijd offline terwijl taakspecifieke
meetmethodes zowel offline als online kunnen zijn.

Figuur 1. Het meten van verwerkingsstrategieën op een diepgaande manier

De hardopdenkmethode werd het meest gebruikt als online taakspecifieke meetmethode om verwerkingsstrategieën tijdens het leren van informatieve teksten in kaart te
brengen (Fox, 2009; Pressley & Afflerbach, 1995). Hoewel deze studies inzicht boden in
verwerkingsstrategieën tijdens het leren van teksten, zou onderzoek zich meer moeten
richten op andere methodes dan enkel zelfrapportage. Zelfrapportagemethodes kunnen enkel bewuste leeractiviteiten capteren en bieden geen inzicht in onbewuste leeractiviteiten (Dimoka et al., 2012). Ander taakspecifieke en online meetmethodes, zoals
oogbewegingsregistratie en hersenonderzoek, zijn wel in staat om zowel bewuste als
onbewuste leerprocessen te registreren. Daarnaast bieden deze methodes meer inzicht
in de microprocessen tijdens het leren van teksten (Dimoka et al., 2012; Hyönä et al.,
2003). Tijdens oogbewegingsregistratie wordt de locatie van de pupil vastgelegd en in
verband gebracht met de plaats in de tekst waarnaar de student aan het kijken is. Deze
techniek laat toe om te onderzoeken waarnaar de student kijkt en voor hoe lang
(Holmqvist & Andersson, 2017). Met betrekking tot hersenonderzoek, stellen we vast
dat er een sterke toename is van fMRI studies binnen onderwijskundig onderzoek (Huettel et al., 2014). fMRI wordt gebruikt om de geactiveerde hersengebieden te localiseren tijdens diepe en oppervlakkige verwerking (Galli, 2014). Hoewel deze meetmethodes meer inzicht bieden in de microprocessen van leren en onbewuste leeractiviteiten,
is het aan de onderzoeker om de data verder te interpreteren. Het is daarom noodzakelijk om deze meetmetodes te combineren met zelfrapportage (van Gog & Jarodzka,
2013).
Dit proefschrift focust op de combinatie van online en offline meetmethodes om verwerkingsstrategieën te meten op zowel een algemeen als een taakspecifiek niveau. We
gaan verder na hoe meetmethodes die de microprocessen van leren en lezen capteren
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inzicht bieden in verwerkingsstrategieën van studenten en hoe die gerelateerd zijn aan
zelfrapportage. Het doel is om na te gaan in welke mate er convergente of divergente
validiteit is tussen de verschillende meetmethodes (Cohen et al., 2011; Schellings, 2011;
Schellings & van Hout-Wolters, 2011; Veenman, 2005). Convergente validiteit wordt
aangetoond als resultaten van twee verschillende onderzoeksinstrumenten of methodes in overeenstemming zijn. Divergente validiteit wordt aangetoond als resultaten van twee verschillende onderzoeksinstrumenten of -methodes niet in overeenstemming zijn (Cohen et al., 2011). Het is belangrijk om een meer diepgaand inzicht te
verwerven in verwerkingsstrategieën voor verdere theorie-ontwikkeling (Gijbels et al.,
2014; Vermunt & Donche, 2017) en voor het opzetten van goede feedback en interventies.

Hoofdconclusies
We vatten hieronder de hoofdconclusies van elke studie binnen dit proefschrift samen
en geven een korte weergave van de vernieuwende inzichten die dit met zich meebracht. In Figuur 2 worden de drie oogbewegingsstudies schematisch weergegeven.

Figuur 2. Schematisch overzicht van de oogbewegingsstudies

Oppervlakkige verwerkers herlezen details langer dan diepe verwerkers
De focus van de eerste en twee studie was om een link te (§§leggen tussen de oogbewegingen van studenten en hun verwerkingsstrategieën tijdens het verwerken van
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informatieve teksten. In de eerste studie stuurden we de verwerkingsstrategieën van
studenten door hen vragen te stellen na elke tekst. De studenten werden onderverdeeld in twee condities, namelijk de diepe en oppervlakkige conditie en werden gevraagd om drie informatieve teksten te verwerken. Ze kregen geen instructies over hoe
ze de tekst moesten bestuderen voor elke tekst. Na het verwerken van de eerste tekst,
kregen studenten in de diepe conditie vragen waarvoor een diepere verwerking nodig
was (vb., Geef een korte samenvatting van de tekst?). Studenten in de oppervlakkige
conditie kregen vragen over details in de tekst (vb., In welk land vond het onderzoek
plaats?). Deze vragen stuurden de verwerking van de tweede en derde tekst. Na het
lezen van de tweede en derde tekst, kregen studenten gelijkaardige vragen. De oogbewegingen op details en kernzinnen in de laatste tekst werden geanalyseerd om na te
gaan hoe verschillen in verwerkingsstrategieën weerspiegeld werden in oogbewegingen.
De analyse van deze studie was eerder exploratief van aard. Aangezien we een kleine
steekproef hadden (N = 19) en studenten als eenheid van analyse werden gekozen,
werkten we met non-parametrische testen om oogbewegingen tussen de diepe en
oppervlakkige conditie te vergelijken. We gebruikten de Mann-Whitney U test om first
pass, second pass en total fixation durations op details en kernzinnen te vergelijken
tussen de condities. De resultaten toonden aan dat studenten die gestuurd werden om
de tekst op een oppervlakkige manier te verwerken de details langer herlazen dan studenten die gestuurd werden tot diepere verwerking. Uit de resultaten van de retrospectieve hardopdenkmethode volgde dat studenten in de oppervlakkige conditie rapporteerden dat ze details herhaalden terwijl studenten in de diepe conditie dit niet deden.
Dit toont aan dat er een duidelijke overlap is tussen de resultaten van de oogbewegingsregistratie en de retrospectieve hardopdenkmethode. Daarnaast stelden we vast
dat studenten in beide condities de kernzinnen herlazen; alleen deden studenten uit de
diepe conditie dat met de motivatie om de tekst beter te begrijpen. De motivatie om de
tekst beter te begrijpen werd enkel gerapporteerd in de diepe conditie en lijkt niet
weerspiegeld te worden in de oogbewegingen van studenten. Toch kan dit motivationele aspect een belangrijke invloed hebben op de kwaliteit van de verwerking.
Samengevat toonde de eerste studie een duidelijke overlap aan tussen oogbewegingsregistratie en de retrospectieve hardopdenkmethode. Daarnaast is deze retrospectieve
hardopdenkmethode een belangrijke meerwaarde tijdens het interpreteren van oogbewegingen, aangezien sommige aspecten van leren niet weerspiegeld worden in oogbewegingen.
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Meervoudig gebruik van en niet de soort verwerkingsstrategieën zijn
weerspiegeld in oogbewegingen
De eerste studie toonde aan dat verwerkingsstrategieën deels weerspiegeld worden in
oogbewegingen van studenten. Studenten hebben een algemene voorkeur voor verwerkingsstrategieën en door hen te sturen in (één van de) twee condities onderzochten
we hun spontaan of natuurlijk gebruik van verwerkingsstrategieën niet. Daarom lag de
focus van de tweede studie op het koppelen van de algemene voorkeur voor verwerkingsstrategieën aan oogbewegingen tijdens het leren van een informatieve tekst.
Daarnaast waren we niet alleen geïnteresseerd in de typsiche diepe en oppervlakkige
verwerkers en deelden daarom de studenten in in vier groepen op basis van hun algemene voorkeur voor verwerkingsstrategieën: een diepe, een oppervlakkige, een alleshoog en een alles-laag groep. Studenten in de diepe groep maakten voornamelijk gebruik van diepe verwerkingsstrategieën, studenten in de oppervlakkige groep van oppervlakkige verwerkingsstrategieën, studenten in de alles-hoog groep van een combinatie van diepe en oppervlakkige verwerkingsstrategieën en studenten in de alles-laag
groep maakten haast geen gebruik van verwerkingsstrategieën.
We gebruikten generealized linear mixed effects models om de first pass, second pass,
en total fixation durations te analyseren voor details, kernzinnen en overige zinnen in
de tekst. Het zinsniveau (N = 920) was de eenheid van analyse in plaats van de individuele student (N = 20). Studenten uit de alles-hoog groep konden we onderscheiden van
studenten in de alles-laag groep op basis van hun oogbewegingen, zij namen meer tijd
om de tekst te herlezen in vergelijking met studenten uit de alles-laag groep. Deze studie toonde aan dat niet de soort verwerkingsstrategie (namelijk diep of oppervlakkig)
wordt weerspiegeld in oogbewegingen, maar wel het meervoudig gebruik ervan (namelijk de combinatie van diep en oppervlakkig). Studenten binnen elke groep spendeerden
evenveel tijd aan het lezen van details, kernzinnen en overige zinnen en zijn met andere
woorden dus niet erg selectief in het verwerken van verschillende types informatie.
Samengevat toonde de tweede studie deels convergente validiteit aan tussen algemene
zelfrapportagevragenlijsten en oogbewegingen van studenten. Het meervoudig gebruik
van verwerkingsstrategieën werd weerspiegeld in oogbewegingen en niet in de soort
verwerkingsstrategie.

Diepe en geïnteresseerde verwerkers herlezen kernzinnen langer dan details
Zowel de eerste als tweede studie toonden aan dat verwerkingsstrategieën deels weerspiegeld werden in oogbewegingen. Deze studies leverden vernieuwende inzichten op
over hoe individuele verschillen in verwerkingsstrategieën weerspiegeld werden in
oogbewegingen tijdens het leren van informatieve teksten. Verwerkingsstrategieën
werken niet in een soort vacuum en er zijn andere studentkenmerken die een belangrijke invloed hebben op de kwaliteit van de verwerking. De eerste studie toonde reeds
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aan dat de soort verwerkingsstrategie die studenten gebruiken in verband staat met
belangrijke motivationele aspecten. In de literatuur wordt interesse ook als een cruciale
motivationele drijfveer beschreven voor het leren van teksten. Daarom ligt de focus van
deze derde studie op de wisselwerking tussen interesse en verwerkingsstrategieën en
de invloed op de oogbewegingen van studenten. Aangezien de tweede studie aantoonde dat de soort verwerkingsstrategie niet weerspiegeld werd in oogbewegingen, zagen
we deze studie als een belangrijke stap om meer inzicht te krijgen in het multidimensionele aspect van leren.
Gelijkaardig aan de tweede studie gebruikten we linear mixed effects models om de first
pass en second pass fixation durations op details, kernzinnen en overige zinnen te analyseren. Opnieuw was het zinsniveau (N = 1,724) de eenheid van analyse in plaats van
de individuele student (N = 31). We onderzochten zowel de hoofd- als interactieeffecten van de soort verwerkingsstrategie en interesse op de oogbewegingen van
studenten. Verwerkingsstrategieën werden gemeten op algemeen niveau, met zelfrapportagevragenlijsten, en op taakspecifiek niveau, met de retrospectieve hardopdenkmethode. De algemene voorkeur voor een diepe of oppervlakkige verwerkingsstrategie
resulteerde niet in het langer verwerken van details, kernzinnen of overige zinnen. Ook
de taakspecifieke verwerkingsstrategieën resulteerden niet in de selectieve verwerking
van details, kernzinnen en overige zinnen. Studenten die aangaven meer diepe verwerkingsstrategieën te gebruiken verwerkten de tekst wel sneller. Daarnaast toonden de
resultaten aan dat studenten die een algemene voorkeur voor diepe verwerkingsstrategieën hadden en geïnteresseerd waren in de tekst, de kernzinnen langer herlazen dan
details. We stelden hetzelfde resultaat vast voor taakspecifieke verwerkingsstrategieën.
Samengevat toonde de derde studie aan dat er een belangrijke wisselwerking is tussen
interesse voor een tekst en diepe verwerkingsstrategieën op de oogbewegingen van
studenten. Het is daarom van groot belang om rekening te houden met studentkenmerken die de kwaliteit van verwerkingsstrategieën kunnen beïnvloeden om verschillen
in oogbewegingen te verklaren tijdens het leren van tekst.

fMRI onderzoek focust voornamelijk op diepe en oppervlakkige verwerking van
woorden
In de vierde studie onderzochten we hoe fMRI kan worden ingezet als een alternatieve
online meetmethode om verwerkingsstrategieën te meten. Het doel van deze studie
was om in kaart te brengen hoe verwerkingsstrategieën binnen fMRI onderzoek geconceptualiseerd en geoperationaliseerd worden. Daarom werd een systematische reviewstudie uitgevoerd binnen de MEDLINE, PubMed, ERIC en Web of Science databanken. Er
werden 25 studies geselecteerd voor deze reviewstudie.
De review toonde aan dat er heel wat conceptuele onduidelijkheid is over wat diepe en
oppervlakkige verwerking betekent en dat er heel vaak geen theoretisch kader werd
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vermeld. Het meeste fMRI onderzoek maakte gebruik van het theoretisch kader van
Craik en Lockhart (1972). Met betrekking tot de operationalisering werd vastgesteld dat
verwerkingsstrategieën het meest onderzocht werden tijdens het studeren van woorden. We constateerden ook dat heel wat verschillende taken werden gegeven aan studenten om diepe en oppervlakkige verwerking te meten.
Deze review heeft aangetoond dat er haast geen fMRI onderzoek is dat verwerkingsstrategieën binnen een rijkere context onderzocht, zoals het leren van teksten. De
meest voor de hand liggende reden hiervoor is dat de MRI-scanner een luidruchtige
omgeving is waarin studenten zo stil mogelijk moeten proberen te liggen. Studenten
zien de stimuli geprojecteerd op een kleine spiegel die boven hun hoofd hangt en worden meestal gevraagd om via een knop op vragen te antwoorden. Het gevolg hiervan is
dat het praktisch moeilijk is om grotere stukken informatie, zoals teksten, in een keer te
presenteren. We geloven dat fMRI een meerwaarde kan zijn voor onderwijskundig
onderzoek, maar momenteel is het een brug te ver om meer inzicht te krijgen in het
leren van teksten.

Conclusie
Oogbewegingsregistratie in combinatie met zelfrapportage is een veelbelovende manier
om de verwerkingsstrategieën van studenten in kaart te brengen. We stelden vast dat
de leertaak die studenten krijgen, de verwerkingsstrategieën die ze gebruiken en hun
interesse een impact hebben op waar ze hun aandacht focussen in een tekst. Daarnaast
zagen we een belangrijke wisselwerking tussen diepe verwerkingsstrategieën en interesse en kunnen we concluderen dat het verwerken van teksten multidimensionaal is.
Het is met andere woorden belangrijk om rekening te houden met zowel verwerkingsstrategieën en belangrijke motivationele drijfveren. Tenslotte stelden we vast dat de
combinatie van online meetmethodes die het microproces van leren capteren en offline
meetmethodes resulteerde in een diepgaander inzicht in verwerkingsstrategieën van
studenten.
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In higher education, academic texts are the main medium
through which students acquire knowledge and understanding.
Learning from these kind of texts is therefore an important key
to success in higher education. Therefore, considerable efforts
have been made in educational research to better understand the
learning process during learning from text. An important factor
that influences the quality of this learning process is students’
levels of processing, such as deep and surface processing.
However, research is lacking on how these levels of processing
affect the online learning process.
This book deepens our understanding on how online measures
that tap into the microprocesses of learning, more specifically
eye movement registration and fMRI, can inform us on students’
levels of processing. Our work demonstrates that the learning
task students receive, their levels of processing and interest
guide their focus of attention during learning from text.
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