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Chapter1

Introduction



Chapter 1

Throughout their lives, people will encounter numerous combinations of words
and pictures when gathering information and accumulating new knowledge. For
example, in early childhood, children learn the meaning of new words by coupling a
spoken word to a picture. In later stages of life, children, adolescents and adults read
magazines, newspapers, websites, and study textbooks or e-learning resources that
combine text (written or spoken) with pictorial information (static or dynamic). A
large body of research exists in educational psychology which tried to identify how
multimedia materials (the term used to refer to instructional materials that combine
text and pictures) should be designed to optimize learning. This research is inspired
by the Cognitive Theory of Multimedia Learning (CTML; Mayer, 2014) and Cognitive
Load Theory (CLT; Sweller, Ayres, & Kalyuga, 2011), and has led to the establishment
of numerous principles for effective multimedia design.

This dissertation is concerned with the central tenet of two of those principles.
The coherence principle (Mayer & Fiorella, 2014), states that people learn more
deeply from a multimedia message when unnecessary or irrelevant material is
excluded rather than included. The redundancy principle (Kalyuga & Sweller, 2014),
suggests that presenting redundant material (e.g. the same information in two
different formats) interferes with rather than facilitates learning. In effect, both
principles entail that the presentation of extraneous information should be avoided,
because it hampers learning compared to instructional materials from which this
information has been eliminated. Extraneous information is defined as information
that is either irrelevant (i.e., not related to the learning goal) or unnecessary (i.e.,
related to the learning goal, but not necessary for learning because the information
is presented twice or is unnecessarily elaborate). However, eye tracking studies
suggest that people can learn to ignore task-irrelevant information and focus more
on task-relevant information with relatively little practice (Haider & Frensch, 1999)
or explicit instruction (Canham & Hegarty, 2010; Hegarty, Canham, & Fabrikant,
2010). The central question addressed in this dissertation, therefore, is whether
extraneous information (either irrelevant or unnecessary) would continue to hamper
learning when it is present over a series of tasks, items, or slides, which would give
learners the chance to adapt their study strategy. When learners would start to
ignore the extraneous information, its negative effect on learning should diminish or
disappear.

This question is both theoretically and practically relevant. As for theoretical

relevance, investigating this question would provide more insight into task



General Introduction

experience (i.e., familiarity with the design of the materials) as a possible boundary
condition to the negative effect of extraneous information on learning, and the
establishment of boundary conditions is important for describing the limits of
generalizability of scientific theories (Busse, Kach, & Wagner, 2016; Whetten, 1989).
Moreover, research has long been focused on what multimedia designers can do to
aid student learning, and the present studies contribute to a recent, new direction of
research focusing on whether students can (learn) to adapt their study strategy, and,
thus, self-manage their cognitive load when learning with multimedia (e.g.,
Agostinho, Tindall-Ford, & Roodenrys, 2013; Gordon, Tindall-Ford, Agostinho, &
Paas, 2016; Roodenrys, Agostinho, Roodenrys, & Chander, 2012). In terms of practical
relevance, the knowledge gained from addressing this question would be useful for
instructional designers. That is, it is very hard for instructional designers to take into
account all multimedia principles, because individual learner characteristics may
interact with some of the principles (e.g. what is essential information for a novice
may be redundant information for a more advanced learner; Kalyuga & Sweller,
2014).

In the remainder of this Chapter, I will first discuss the CTML and CLT in more
detail, after which I will give an overview of the literature on the negative effect of
extraneous information on learning and the different factors that might influence
this effect. Then, I will focus on the effect of task experience on the processing of
extraneous information. Finally, at the end of this Chapter I will present the research
questions and organization of this dissertation.

The Cognitive Theory of Multimedia Learning and Cognitive Load Theory

The CTML (Mayer, 2014) and CLT (Sweller et al., 2011) are two of the most
influential theories on how humans learn from multimedia learning materials. Both
argue that the human cognitive architecture, more specifically, the limitations of our
working memory, should be taken into account when designing learning materials.
Working memory can be defined as “a limited capacity [brain] system allowing the
temporary storage and manipulation of information necessary for such complex
tasks as comprehension, learning and reasoning” (Baddeley, 2000, p. 418; text in
square brackets added). Working memory is limited in duration and capacity (e.g.,
Baddeley, 2000; Barrouillet & Camos, 2007; Cowan, 2001; Miller, 1956). With regard
to the capacity limitation, Cowan (2001) proposed that our memory span is limited
to around four chunks, where a chunk is a collection of items that is remembered

together. Regarding the limited duration, Barrouillet and Camos (2007) proposed
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that working memory resources have to be shared between maintenance of ‘old’
information (prior knowledge from long-term memory or previously processed
information during task performance), and processing of new, incoming
information. When more old information elements have to be maintained active and
new elements need to be processed faster, the working memory load becomes
higher. Therefore, a task that is cognitively undemanding when time is unlimited
can become very demanding when time is limited.

According to CTML and CLT, learning occurs when schemas are constructed or
elaborated in working memory and stored in long-term memory (schema acquisition
and elaboration; Sweller, 1994). Schemas are cognitive constructs that organize
multiple elements of information into a single element with a specific function
(Sweller, 1994; Paas, Renkl, & Sweller, 2003). Schema construction requires the
selection of information from the environment (e.g., the text and picture) by
attending to it and then organizing and integrating this information (with prior
knowledge) into a coherent schema in working memory (Mayer, 2014). Existing
schemas (i.e., prior knowledge) can be brought from long-term memory into
working memory and can then be elaborated or refined with the new information
(i.e., schema elaboration; Sweller, 1994). Therefore, learning new information
imposes a load on working memory. Three types of cognitive load can be
distinguished: 1) Intrinsic cognitive load, resulting from essential information
processing, 2) extraneous cognitive load, resulting from extraneous (i.e.,
irrelevant/unnecessary) information processing, and 3) germane cognitive load,
caused by generative information processing aimed at making sense of the
instructional materials (Mayer, 2014; Paas et al., 2003).

Intrinsic cognitive load is determined by the complexity or element interactivity
of the learning material (which in turn depends on the level of prior knowledge of a
learner, e.g., Chandler & Sweller, 1991). Learning materials with low element
interactivity (i.e., low intrinsic load) consist of elements that can be learned in
isolation, without reference to other elements in the task (Sweller, 2010; Sweller et
al., 20n). For example, learning vocabulary is low in element interactivity, as each
new word can be remembered without reference to another word. In contrast,
learning materials in which the various elements are related and must be processed
simultaneously in working memory are high in element interactivity (i.e., high in

intrinsic load). For instance, instructional materials about complex biological
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General Introduction

processes are high in element interactivity, as relations between information
elements need to be processed and combined in schemas for learning to occur.

Extraneous cognitive load is imposed by processes that arise from the manner
in which the information is presented, but do not contribute to (or may even
interfere with) learning. For instance, in the context of this dissertation, extraneous
load is imposed when learners are presented with irrelevant or unnecessary
information and engage in processing that information. This draws on limited
working memory resources without contributing to learning the essential
information. Finally, germane cognitive load is imposed by generative processes that
are conducive to schema acquisition and elaboration. For example, prompting
learners to self-explain the principles behind biological processes that they are
reading about in multimedia materials (cf. Chi, DeLeeuw, Chiu, & Lavancher 1994)
will increase the demands on working memory, but improve learners’
understanding.

The three types of cognitive load are additive, and the total cognitive load
cannot exceed working memory resources for learning to occur. Instructional
materials should therefore be designed in such a way that extraneous processing is
kept to a minimum, so that all available resources can be devoted to essential and
generative processing (Mayer, 2014; Sweller et al., 2011). Consequently, both the
CTML and CLT state that the presentation of extraneous information, which is
information that is irrelevant or unnecessary for learning, should be avoided because
it hinders rather than helps learning (the coherence principle, see Mayer & Fiorella,
2014; and the redundancy principle, see Kalyuga & Sweller, 2014).

The Negative Effect of Extraneous Information on Learning

The negative effect of extraneous information on learning arises because
students attend to, process, and attempt to integrate this information with the
essential information. These are extraneous processes (imposing extraneous load),
which unnecessarily deplete valuable working memory resources that can no longer
be devoted to processing the essential information. Such extraneous processing may
not be detrimental for learning when working memory capacity limits are not
exceeded, for instance with materials low in intrinsic load (i.e., containing few
interacting elements), or when there is sufficient time available to compensate for
the extraneous processing. However, it will start to hamper learning under
conditions of high intrinsic load, for example when materials are complex (with

many interacting elements), or when time is constrained (Barrouillet & Camos, 2007;
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Sweller et al, 201). Consequently, it is considered important to avoid the
presentation of extraneous information (cf. the coherence principle, see Mayer &
Fiorella, 2014; and the redundancy principle, see Kalyuga & Sweller, 2014).
Extraneous information can be either irrelevant, or unnecessary for learning.
Irrelevant Information

Information that is irrelevant for learning has no relation with the learning goal,
and hampers learning when added to instructional materials. The negative effect of
irrelevant information on learning has been demonstrated for instance, when
instructional materials are enriched with interesting and entertaining (yet irrelevant)
information (i.e., seductive details; Harp & Mayer, 1998, Mayer, Heiser, & Lonn, 2001;
Moreno & Mayer, 2000; Park, Moreno, Seufert, & Briinken, 2011; Rey, 2014; Sanchez &
Wiley, 2006). For example, Harp and Mayer (1998) had participants learn about the
formation of lightning using a booklet with or without seductive text and pictures.
These seductive details hampered recall and transfer performance compared to
materials without the seductive details. A negative effect on learning has also been
found when remotely related information that actively interferes with processing of
the currently essential information is added to the learning materials (Mayer,
DeLeeuw, & Ayres, 2007). Mayer et al. (2007) had participants learn about the
working mechanisms of hydraulic brakes, with or without explanations added about
caliper brakes and air brakes. Adding explanations about caliper breaks and air
brakes - although related to the central content - interfered with learning the
working mechanisms of hydraulic brakes, mostly when these extra explanations
were presented after learning about hydraulic brakes. Finally, presenting irrelevant
pictorial information (animations) that mismatches the relevant textual information
has been shown to hamper learning (Hald, Van den Hurk, & Bekkering, 2015).

All in all, the negative effect of different kinds of irrelevant information (i.e.,
seductive, interfering, and mismatching information) on learning seems to be quite
robust and does not seem to depend on whether this irrelevant information was
presented as text (e.g., Rey, 2014), animation (e.g., Hald et al., 2015), or sounds (e.g.,
Moreno & Mayer, 2000). However, it is known that when learners have the means to
compensate for the irrelevant information, this negative effect of irrelevant
information on learning is smaller or absent. For instance, when learners have more
attentional control (cf. Rey, 2014), they might not attend as much to the irrelevant
information, and when they do not process it, it will not burden working memory.

When learners have more working memory resources available (cf. Sanchez & Wiley,

12
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2006), for instance when they have a higher working memory capacity, it is less
likely that working memory is overloaded. In both cases, CLT would not predict that
learning is hampered.

Unnecessary Information

Unnecessary information is related to the learning goal, but not necessary for
learning (i.e., schema acquisition or elaboration) because the information is
presented twice or it is unnecessarily elaborate. For instance, the negative effect of
simultaneously presenting the same text in both written and spoken form has been
documented quite extensively (e.g., Craig, Gholson, & Driscoll, 2002, Jamet & Le
Bohec, 2006; Kalyuga, Chandler, & Sweller, 1999; Mayer et al., 2001; but see Mayer &
Johnson, 2008; Yue, Bjork, & Bjork, 2013). For example, Kalyuga et al. (1999) showed
that students learned better, while investing less mental effort, from a diagram with
narrated text than from a diagram with narrated and on-screen text. A negative
effect on learning has also been found when self-containing diagrams are
accompanied by textual explanations (Bobis, Sweller, & Cooper, 1993; Chandler &
Sweller, 1991; Pociask & Morrison, 2008). For instance, Chandler and Sweller (1991)
showed that the addition of unnecessary text to diagrams hampered learning,
especially when the text was physically integrated in the diagram, or when
participants were instructed to mentally integrate the text and the diagram. Finally,
learning is hampered when unnecessary details and examples are added to learning
materials while a more concise summary would have been sufficient (e.g., Mayer,
Bove, Bryman, Mars, & Tapangco, 1996; Reder & Anderson, 1982). For example,
Reder and Anderson (1982) showed that students learned better from a textbook
summary than from the original text (even when the time learners could spent on
the main points was kept equal; suggesting that unnecessary details actually
interfere with learning the main points of a text).

Opverall, the negative effect of different types of unnecessary information (i.e.,
presenting identical text in written and spoken form, presenting identical
information in text and diagram form, or adding unnecessary details and examples
to text) on learning seems quite consistent. However, when participants were not
forced to attend to the extraneous information, that is, when it was not physically
integrated with essential information and when learners were not instructed to
integrate it (cf. Bobis et al., 1993; Chandler & Sweller, 1991), the negative effect seems
to be smaller, suggesting that participants were able to ignore the extraneous

information to some extent. This in line with eye-tracking research, which suggests
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that with increasing task experience, people learn to focus their attention more on
task-relevant information and to ignore task-irrelevant (or extraneous) information.
Learning to Ignore Extraneous Information

Several eye tracking studies have shown that with increasing task experience,
people learn to focus on task-relevant and ignore task-irrelevant information. For
example, Charness, Reingold, Pomplun, and Stampe (2001) showed that chess
experts had different gaze patterns than intermediate chess players, making fewer
fixations and fixating more on relevant pieces. Van Gog, Paas, and Van Merriénboer
(2005) found that participants with more expertise in electrical circuits
troubleshooting had shorter mean fixation duration and fixated more on task-
relevant components of the electrical circuit in the first phase of troubleshooting,
compared to participants with less expertise. Jarodzka, Scheiter, Gerjets, and Van
Gog (2010), using a dynamic task, also found that experts attended more to the
relevant parts of a stimulus compared to novices. However, these studies focused on
expertise, that is, between-subjects differences in knowledge or skill as a function of
task experience, rather than within-subjects effects, so they could not show a causal
relationship between knowledge and viewing behaviour.

This causal relationship has been investigated in studies in which participants
build up knowledge of the task while their viewing behavior is tracked. These
within-subjects studies confirm that, even after relatively little practice, participants
start to ignore task-irrelevant information and focus more on task-relevant
information. For example, Haider and Frensch (1999; see also Haider & Frensch
1996) used an alphabetic string verification task and showed that participants
implicitly learned to ignore the task-irrelevant information when they became more
experienced with the task. They called this the information-reduction hypothesis,
which states that, with task practice, participants first learn to distinguish task-
relevant from task-irrelevant information, and then learn to focus more on the task-
relevant information. Furthermore, Canham and Hegarty (2010; see also Hegarty et
al., 2010) used a task in which participants had to make inferences from a weather
mabp, either with only task-relevant information or both task-relevant and task-
irrelevant information. The presence of task-irrelevant information hampered
performance. However, after participants got a short instruction (10-15 minutes)
about relevant meteorological principles, they spent more time viewing the relevant

parts of the weather map.

14



General Introduction

These results all indicate that, during task performance, people are able to
ignore task-irrelevant information as a result of their (increased) expertise on a task.
The question is whether these results would be generalizable to learning materials
with extraneous information. When students would also be able to start ignoring
extraneous information with increasing experience, then it would no longer capture
attention and working memory resources, and therefore, the negative effect of
extraneous information should decrease or no longer occur with increasing task
experience. This leads to the main research questions, which will be discussed in the
next section.

Research Questions

The aim of this dissertation is to provide an answer to the following questions:
1) Does the negative effect of extraneous information on learning decrease or
disappear with increasing task experience? 2) Does this effect arise because learners
start to ignore the extraneous information? These two questions are addressed both
for irrelevant and unnecessary information presentation. An important aspect of this
dissertation is the use of eye-tracking methodology to address the second question,
which can provide insight into the perceptual and cognitive processes that underlie
the effects of different multimedia materials on learning outcomes (Van Gog &
Scheiter, 2010).

Organization of this Dissertation

The two main research questions were addressed in in four empirical chapters,
presented in two parts. The studies in Part 1, presented in Chapters 2 and 3,
investigated whether the negative effect of irrelevant information on learning would
decrease or disappear with increasing task experience. Chapter 2 describes three
experiments on the effects of irrelevant pictures when learning action-word
definitions. In all experiments, participants learned the definitions of new words
(from an artificial language) that denoted actions, coupled with matching pictures
(depicting the same action), mismatching pictures (depicting another action), or
without pictures. Experiments 1a/1b addressed the question whether adding
irrelevant information (the mismatching pictures) would hamper learning of word
definitions compared to learning words with matching pictures or without pictures.
Experiment 2 examined the main hypothesis that irrelevant information would no
longer hamper learning once learners gained experience with the word-learning

task. Finally, Experiment 3 employed eye tracking to test the hypothesis that learners
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would adapt their study strategy and start to ignore the irrelevant information with
increasing task experience.

The study presented in Chapter 3 built on the findings from Chapter 2, by
investigating whether learners suppressed attention to the content of the
mismatching pictures, or ‘only’ learned to ignore the location of the mismatching
pictures. This question was addressed in Experiments 1a/1b, by systematically
changing the location of matching and mismatching pictures for half of the
participants after they had accumulated task experience. If participants would only
suppress attention to the picture location, then word learning should be negatively
affected after the location change for participants engaging in word learning with
mismatching pictures. However, if they were aware that the content of the
mismatching pictures was irrelevant for learning the word definitions, they would be
expected to actively suppress attention to the pictures regardless of the location, in
which case performance should not be negatively affected after the location change
for participants engaging in word learning with mismatching pictures.

The studies in Part 2, presented in Chapters 4 and 5, investigated the negative
effect of unnecessary information on learning, using more complex (i.e., higher
element interactivity) multimedia materials (i.e., expository text with pictures on
biological processes). In the two experiments in Chapter 4, the hypothesis was
addressed that learners would start to ignore unnecessary textual information
(which merely described the picture) with increasing task experience, thereby
reducing its negative effects on learning. In addition, it was investigated whether the
layout of the unnecessary information (integrated in or separated from the picture)
would influence the effect of unnecessary text on attention and learning over time
(i.e., with task experience). Participants learned about the process of mitosis with
materials consisting of a combination of essential text and pictures (control),
essential text and pictures with unnecessary text presented either integrated in or
separated from the picture. It was hypothesized that an initial negative effect of
unnecessary information would occur; that this negative effect would decrease (or
even disappear) as participants gained task experience; and that this decrease would
be stronger when the unnecessary text was presented separated from the picture
(i.e., separated unnecessary text would be easier to ignore than integrated
unnecessary text).

In the two experiments described in Chapter 5 participants studied multimedia

materials about the functioning of the heart. This study involved a replication of
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Experiment 5 of Chandler and Sweller (1991), which was part of a series of
experiments showing that (1) the addition of unnecessary text to a self-containing
diagram impeded learning; (2) this negative effect of unnecessary text was larger
when the text was spatially integrated in the essential materials as compared to
spatially separated; and (3) this effect was larger when participants were instructed
to mentally integrate the separated unnecessary information as compared to no such
instruction. A second aim of the first experiment in Chapter 5 was to examine the
influence of pacing (system-paced vs. self-paced) on the occurrence and size of the
negative effect of unnecessary information, as this negative effect might be larger
when learning is system-paced, because under system-paced conditions, any
unnecessary information processing goes directly at the expense of time available for
essential information processing.

In these experiments, we used four different lay-outs in four different
conditions: 1) a diagram presented without unnecessary text (diagram only); 2) a
diagram with unnecessary text separated from the diagram (separated); 3) a diagram
with unnecessary text separated from the diagram with the instruction to mentally
integrate the text and the diagram (integration instruction); or 4) a diagram with
unnecessary text integrated into the diagram (integrated). In Experiment 1 study
time was self-paced for half of the participants, and system-paced for the other half.
We hypothesized to find a negative effect of the unnecessary text when it was
integrated in the essential material, or when participants received the integration
instruction. We also addressed the open question whether participants would be
able to ignore the spatially separated unnecessary text to such an extent that it
would not hamper their learning compared to a diagram-only condition. In addition,
we hypothesized that system-pacing would aggravate the negative effects of
unnecessary text on learning, particularly in the integrated condition and the
integration-instruction condition because these conditions were assumed to impose
the highest cognitive load on the learner.

Finally, Chapter 6, presents a summary and general discussion of the main

results of this dissertation.
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Chapter 2

Task Experience as a Boundary
Condition for the Negative Effects of
[rrelevant Information on Learning

This chapter has been published as:

Rop, G., Van Wermeskerken, M., De Nooijer, ]. A., Verkoeijen, P. P. ]. L., & Van Gog,
T. (in press). Task experience as a boundary condition to the negative effects of
irrelevant information on learning. Educational Psychology Review. doi:
10.1007/810648-016-9388-
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Chapter 2
Abstract

Research on multimedia learning has shown that learning is hampered when a
multimedia message includes extraneous information that is not relevant for the
task, because processing the extraneous information uses up scarce attention and
working memory resources. However, eye-tracking research suggests that task
experience might be a boundary condition for this negative effect of extraneous
information on learning, because people seem to learn to ignore task-irrelevant
information over time. We therefore hypothesized that extraneous information
might no longer hamper learning when it is present over a series of tasks, giving
learners the chance to adapt their study strategy. This hypothesis was tested in three
experiments. In Experiments 1a/1b, participants learned the definitions of new words
(from an artificial language) that denoted actions, with matching pictures (same
action), mismatching pictures (another action), or without pictures. Mismatching
pictures hampered learning compared to matching pictures. Experiment 2 showed
that task experience may indeed be a boundary condition to this negative effect on
learning: The initial negative effect was no longer present when learners gained
experience with the task. This suggests that learners adapted their study strategy,
ignoring the mismatching pictures. That hypothesis was tested in Experiment 3,
using eye tracking. Results showed that attention to the pictures waned with task
experience, and that this decrease was stronger for mismatching than for matching
pictures. Our findings demonstrate the importance of investigating multimedia

effects over time and in relation to study strategies.
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Task Experience and Irrelevant Information Processing

Introduction

Multimedia learning, which can be defined as learning with a combination of
words (written or spoken) and pictures (static or dynamic), has been widely
investigated in research inspired by the Cognitive Theory of Multimedia Learning
(CTML; Mayer, 2014) and Cognitive Load Theory (CLT; Sweller, Ayres, & Kalyuga,
2011). This has led to the establishment of several principles for designing effective
multimedia instructions. The present study is concerned with the coherence principle,
which states that presenting extraneous information that is not relevant for the
learning task should be avoided, because it hinders rather than helps learning (Mayer
& Fiorella, 2014). Because eye-tracking research has shown that with increasing task
experience, people learn to ignore irrelevant information during task performance, we
hypothesized that task experience might be a boundary condition for the negative
effect of extraneous information on learning. That is, the negative effect that the
presentation of extraneous information initially has on learning might no longer occur
when this information is present (in the same location) over a series of tasks, because
learners might adapt their study strat