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Introduction

1 Introduction

Learning environments are becoming increasingly complex with the use of new media. The mere
number of pictures used in school textbooks doubled over the last 50 years (Lee, 2010); however,
these multimedia materials (i.e., text presented together with pictures) are often not designed in a
way to be helpful for learning (Lee, 2010; Prangsma, Boxtel, Kanselaar, & Kirschner, 2009).
Moreover, pictorial representations accompanying the text have to be actively processed in an
integrated manner which has been shown to be challenging for learners (e.g., Scheiter, Schiiler, &
Eitel, 2017). At the same time, learners more and more frequently have to study autonomously.
Thus, it becomes increasingly important that learners know how to manage their learning activities
on their own, that is, how to self-regulate their learning (Bjork, Dunlosky, & Kornell, 2013).
According to Pintrich (2000), self-regulation includes choosing adequate cognitive strategies
(cognitive self-regulation), being confident about one’s own learning abilities (motivational self-
regulation), and investing sufficient effort in learning (behavioral self-regulation).

Within four experiments it was investigated whether supporting learners to self-regulate
their learning in a multimedia environment would improve learning outcomes. Support was given
for cognition, motivation, and behavior in self-regulation via implementation intentions.
Implementation intentions (if-then plans) are a self-regulatory strategy for goal striving that helps
to translate any kind of plan into action (Gollwitzer, 1999). It was expected that supporting learners
in cognitively, motivationally, or behaviorally self-regulating their learning via implementation
intentions would improve the learning outcome on a subsequent test.

In the following, the theoretical background of multimedia learning and common
challenges that learners face in multimedia learning will be described. Then, a framework of self-
regulated learning will be introduced and the challenges of multimedia learning will be categorized
against the backdrop of this framework. Implementation intentions will be introduced as a strategy
to support self-regulation and to overcome the self-regulatory challenges of multimedia learning.
An overview of the research questions that were tested in four experiments will be given. The four
experiments will then be described in more detail in the respective chapters. Finally, the findings
will be summarized, set into the theoretical context, and discussed against the backdrop of the

theory. Strengths, as well as limitations of the work, will be outlined.
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2 Learning with Multimedia

Multimedia learning refers to the learning of simultaneously presented words and visualizations
(Mayer, 1997, 2014a). Words can be presented as written or spoken text that is displayed on paper,
computer screens, or as audio. Visualizations include static illustrations, graphics, photos, pictures,
or charts, as well as dynamic graphics, videos, animations, or simulations. Learning from text and
pictures is supposed to promote learning compared with learning from text alone (Anglin, Vaez, &
Cunningham, 2004; Carney & Levin, 2002; Levie & Lentz, 1982), which is referred to as
multimedia principle (Butcher, 2014; Fletcher & Tobias, 2005; Mayer, 1997, 2009, 2014c). In the
following, two influential models of learning with text-picture combinations will be described,
namely the Cognitive Theory of Multimedia Learning (CTML: Mayer, 2009, 2014a) and the
Integrated Model of Text and Picture Comprehension (ITPC: Schnotz & Bannert, 2003; Schnotz,
2014).

2.1 Cognitive Models of Multimedia Learning

The CTML (Figure 1) describes the cognitive processing of multimedia messages to happen in
multiple memory systems including sensory memory, working memory, and long-term memory
(Atkinson & Shiffrin, 1968, 1971). The CTML is based on three central assumptions (Mayer,
2014a). First, related to the dual coding theory (Clark & Paivio, 1991; Paivio, 1986, 1991, 2006),
it is assumed that text and pictures are processed in separate channels for auditory/verbal
representations and visual/pictorial representations, respectively. Second, the limited-capacity
assumption states that the amount of information that can be processed through those two channels
at the same time is constrained, which closely relates to Baddeley’s model of working memory
(Baddeley, 1992, 2000). Third, the active processing assumption concerns the learners who have
to actively pay attention, select, organize, and integrate the information (Mayer, 2014a).

The CTML distinguishes five basic cognitive processes that are necessary for multimedia
learning to be successful (Mayer, 2009, 2014a). Learners have to (1) select relevant words, (2)
select relevant images, (3) organize the selected words to build a coherent verbal model, (4)
organize the selected images to build a coherent pictorial model, and (5) integrate the verbal and
pictorial model together with prior knowledge to acquire one coherent mental representation. The
coordination of these processes and especially the integration of the verbal and the pictorial model

2
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is assumed to be extremely cognitively demanding. Thus, it is recommended to design multimedia
messages so that learners are supported in executing these cognitive processes, which should
prevent the working memory from being overloaded (Mayer, 2014a; Renkl & Scheiter, 2017). Two
kinds of support can be distinguished: offloading and facilitating. Offloading refers to reducing
unnecessary load for learners, for example, by eliminating information that is irrelevant for the task
at hand. Facilitating, on the other hand, refers to ensuring adequate processing of the provided
material, for instance, by making relevant information more salient without adding new content-
related information (Renkl & Scheiter, 2017; Scheiter et al., 2017).

MULTIMEDIA SENSORY LONG-TERM
REPRESENTATION MEMORY WORKING MEMORY MEMORY
selecting organizing Verbal
Words Ears — Sounds wora— Model
integrating Prior
di
Knowledge
) selecting organiding Pictorial I
Pictures Eyes GRS Images imagts P Model ]
\ —

Figure 1. The cognitive theory of multimedia learning (adapted from Mayer, 20144, p. 52)

An alternative but similar model to the CTML describing the cognitive processes in multimedia
learning is the integrated model of text and picture comprehension (Figure 2; Schnotz, 2014;
Schnotz & Bannert, 2003). The ITPC differentiates between the processing of descriptions that are
arbitrary structures (e.g., text) and the processing of depictions that are analogous representations
from which information can be read off directly (e.g., pictures). It also incorporates concepts of
multiple memory systems (Atkinson & Shiffrin, 1968, 1971); the most important cognitive
processes are assumed to occur in working memory that has a limited capacity (Baddeley, 1992,
2000). The ITPC assumes that descriptive and depictive information is transmitted to working
memory through sensory registers. Depictive information is first represented as mental text surface
structures and descriptive information as visual images. The learners transfer these representations
via semantic deep structure processes to a propositional representation and a mental model. The
ITPC incorporates and stresses interactions between the descriptive and depictive subsystems.

3
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Particularly, building connections between the text and visual representations is assumed to happen

at an early stage. To carry out these processes the learners are again required to actively engage in

information processing.

__________
- -

conceptual

. organisation

/
L

¥ 'y
model
construction
propositional > mental
representation model model
inspection
r'Y ‘vT;\\ P :’, A
o & SO ec
= SR =2
0 R -
w g9 "X"‘ £ 8
EQ NN ol
v o B8 P o o0
3 v s /"/1 ‘\ \-\ - U E
S v 'y e ¥ =
e 1]
7 £
° . . @
é text surface visual perception/ |5
= representation visual image 3
2
5 &
0 " %n
27 o I » E 3
© = LA Ll c
5 5E& ~ 7T ~ |8 ®
g3 verbal . visual . =]
@ g ( organisation ', organisation ,l 9
A2 ~. AN e 5
=5 & —— — a
(2]

picture /

text diagram

Figure 2. Theoretical framework for the integrated model of text and picture comprehension
(adapted from Schnotz, 2014, p.79)

The ITPC like the CTML describes cognitive processes including selection, organization, and
integration of information from different sources. In the multimedia literature, these processes are
also characterized as coherence formation (Seufert, 2003). Thus, learners have to build a coherent
verbal and a coherent pictorial mental model (local coherence), as well as an integrated model from
both representations (global coherence). Both theories emphasize that integration of text and
picture information and building one coherent mental representation is required for successful
multimedia learning (Mayer, 2009, 2014a; Schnotz, 2014; Schnotz & Bannert, 2003).
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2.2 Challenges in Multimedia Learning

Even though there is strong empirical evidence that learning with multimedia is advantageous for
learning success (for an overview see Butcher, 2014), meaningful learning with multimedia
material imposes several challenges onto the learner. This fits well with findings showing that
multimedia material is often processed insufficiently when presented without instructional support
(Scheiter et al., 2017). In the following, three major challenges learners face in multimedia learning
will be distinguished and elaborated in more detail. These are (1) choosing inadequate cognitive

strategies, (2) feeling overwhelmed, and (3) feeling underwhelmed.
2.2.1 Choosing inadequate cognitive strategies

First, learners face problems with adequately processing multimedia material at a cognitive level.
As outlined in the theories on multimedia learning, learners have to process text and picture
information and integrate the information together with prior knowledge to build a coherent mental
representation in order to really profit from multimedia representations (Mayer, 2014a; Schnotz,
2014; Schnotz & Bannert, 2014). However, learners seem to struggle with carrying out these
cognitive processes. Processing of multimedia material is often text-driven (Cromley, Snyder-
Hogan, & Luciw-Dubas, 2010; Hannus & Hyoné, 1999; Hegarty & Just, 1993; Hochpdchler et al.,
2013; Schmidt-Weigand, Kohnert, & Glowalla, 2010; Schwonke, Berthold, & Renkl, 2009). For
instance, when recording and analyzing the learners’ eye movements during learning with multiple
representations, it has been shown that learners largely directed their attention towards the text
(Schmidt-Weigand et al., 2010). They tended to inspect the picture only briefly and superficially
or ignored it completely. In the same study, it was shown that paying attention to pictures was
related to better learning outcomes in multimedia learning. Furthermore, learning outcomes are
improved when learners are supported in reducing the overreliance on text information or in
making greater use of the picture (Cromley et al., 2013; Eitel, Scheiter, & Schiler, 2013; Schwonke
et al., 2009), especially at an early stage of learning (Eitel, Scheiter, & Schiler, 2013). In a study
by Eitel, Scheiter, Schiiler, Nystrom, and Holmqvist (2013) learners were presented with a picture
of a pulley system before or while listening to an explanatory text, or they received the auditory
text only. Results showed that compared with the text-only group, learning was aided by the
presentation of the picture. Learning was improved even if the picture was presented only briefly

before learning (600 ms or 2 sec) indicating that the visualization served as a mental scaffold
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facilitating the construction of a mental representation. Another indicator of insufficient processing
in multimedia learning is that learners make only few attempts to integrate information from both
representations (Ainsworth, Bibby, & Wood, 2002; Schwonke et al., 2009), although integration is
a crucial process in multimedia learning (Mayer, 2009, 2014a; Schnotz, 2014; Schnotz & Bannert,
2003). Integration is even assumed to be necessary for meaningful learning to occur (Mayer, 1997,
2008) as establishing meaningful connections between verbal and graphical features results in a
coherent mental representation (Seufert, 2003). Research has shown that learners who integrate
more are more successful in learning (e.g., Bodemer & Faust, 2006; Bodemer, Ploetzner, Feuerlein,
& Spada, 2004; Mason, Tornatora, & Pluchino, 2013; Seufert, 2003). For instance, Mason et al.
(2013) recorded eye-movements of fourth graders while they were studying multimedia learning
material on the topic of air. They found that more integrative viewing behavior during learning was
associated with a better learning outcome in a subsequent test. Furthermore, supporting learners to
integrate information from text and pictures improved learning in several studies (e.g., Cromley et
al., 2013; Folker, Ritter, & Sichelschmidt, 2005; Leopold, Doerner, Leutner, & Dutke, 2015;
Mason, Scheiter, & Tornatora, 2017; Richter, Scheiter, & Eitel, 2016; Scheiter & Eitel, 2015;
Stalbovs, Scheiter, & Gerjets, 2015). Scheiter and Eitel (2015), for example, highlighted
corresponding elements in text and picture information (i.e., signaling) in two experiments. The
multimedia learning material dealt with the circulatory heart system. The authors showed that
learners attended to the signaled information more frequently, which could explain better learning
outcomes. Thus, integration was confirmed to be a crucial process in multimedia learning that
might not be carried out properly when learning is unguided. Taken together, learners often fail in
choosing well-suited cognitive strategies, but supporting learners in using adequate cognitive
strategies is beneficial for multimedia learning (Schlag & Ploetzner, 2011).

2.2.2 Feeling overwhelmed

The second problem refers to the fact that multimedia material might be overwhelming for learners.
As emphasized in the theories on multimedia learning, processing text and picture information and
especially integrating the information is cognitively demanding. Moreover, it is assumed that the
cognitive capacity for processing is limited. Thus, the cognitive requirements for successfully
processing the multimedia material might exceed the cognitive capacity of the learner. In short,
learners might be overwhelmed by the multimedia information (Lowe, 1999, 2003; Lowe &

Schnotz, 2014). This is problematic as learners, who were cognitively overwhelmed, were found
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to be hampered in carrying out deep-level learning activities (van Merriénboer & Sluijsmans,
2009). Similarly, Schnotz and Rasch (2005) found diverse learning effects for learners with low
and high learning prerequisites. In the experiment, participants were confronted with a text about
time and date differences related to the earth’s rotation which was either supplemented by a static
picture or an animation. In contrast to earlier research showing positive effects of animations (e.qg.,
Hoffler & Leutner, 2007; Lowe & Schnotz, 2014), the animated pictures did not improve learning
but were even harmful to learners that held lower learning prerequisites. Furthermore, learners with
low learning prerequisites used static pictures more intensely than animated ones. The authors
concluded that learners only use and benefit from animated representations when sufficient
cognitive resources for processing are available. Accordingly, Hannus and Hyona found in two
experiments that elementary school children’s multimedia learning was largely text directed and
that a successful use of the pictorial representations supplementing the text information required a
certain amount of intellectual abilities. Reliance on only text information (Hannus & Hyéna, 1999;
Hegarty & Just, 1993; Schwonke et al., 2009) might, thus, indicate that learners feel overwhelmed
by the multimedia presentation and prefer to rely on the more familiar representation for learning,

namely text.
2.2.3 Feeling underwhelmed

The third challenge is that multimedia learning material can induce a feeling of being
underwhelmed. Although it is cognitively demanding to process multimedia learning material
adequately, learners often rely on a multimedia heuristic (Serra & Dunlosky, 2010); that is, they
expect learning with multimedia material to be easy and to result in better learning outcomes than
learning with text. The apparent simplicity of pictorial information and the appearance of
multimedia as entertaining (Salomon, 1984) may lead learners to perceive multimedia material as
easy to learn from and induce a feeling of being underwhelmed (Lowe, 2003). In a study on the
multimedia heuristic participants were asked to study material that explained how lightning storms
develop (Serra & Dunlosky, 2010). The material either contained only an explanatory text or an
additional schematic picture. Afterwards, participants were asked to judge their learning; that is,
they gave a judgment concerning their understanding of the learning material and their expected
future test performance. It was found that judgments were higher for multimedia material.
However, since learning with multimedia material increased learning outcomes, the higher

judgments were plausible and little surprising. Therefore, in a follow-up experiment an additional
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condition was added that included the explanatory text with photographs of lightning bolts.
Although those pictures did not support learning of the relevant content, learners gave higher
judgments of their learning than did the control group without any pictures. Thus, learners thought
that they would learn better with multimedia material no matter whether the picture actually was
helpful for learning or not. Eitel (2016) could confirm these findings of a multimedia heuristic by
comparing the given judgments of learning with the learners’ actual test performance. Participants
were first asked to study an expository text with or without pictures about the functioning of the
toilet flushing system and then had to make judgments on their learning success. Again, participants
who were studying multimedia material (i.e., expository text with pictures) gave higher judgments
than participants who learned only with an expository text. However, the increase in the judgments’
magnitude could not be fully traced back to a better test performance indicating that the higher
judgments were not reasonable. Similar results were found in experiments that used think-aloud
protocols to investigate multimedia learning including static or dynamic visualizations (Kdhl,
Scheiter, Gerjets, & Gemballa, 2011; Lewalter, 2003). When applying the think-aloud method,
learners are asked to verbalize their learning process (Ericsson & Simon, 1993). These
verbalizations might give insight into the cognitive processes of learning and the level of
understanding. Lewalter (2003) found that dynamic visualizations were perceived as easier to
comprehend in multimedia learning than static visualizations. Although the learning outcome did
not differ for multimedia materials including static or dynamic visualizations, learners more often
expressed that they had understood the content when learning with dynamic visualizations.
Similarly, in a study by Kuhl et al. (2011) learners less often expressed that they had not
comprehended the content when learning with text and static or dynamic visualizations compared
with a text only condition. Thus, learning from text and pictures compared with learning from text
alone induces a feeling of being underwhelmed and learners fail in accurately evaluating their level
of understanding (Ackerman & Leiser, 2014; Eitel, 2016; Jaeger & Wiley, 2014; Serra & Dunlosky,
2010).

2.3 Multimedia Learning — Beyond Cognitive Processing

To take full advantage of multimedia materials learners must process text and pictures adequately,
which is jeopardized by the challenging nature of multimedia material. The cognitive theories that

were summarized above conceptualize multimedia learning as a purely cognitive process and
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previous studies hence applied a predominantly cognitive perspective. However, the described
challenges in multimedia learning suggest that other factors and dimensions such as students’
perceptions of the learning material are involved, which may affect their motivation to engage in
learning. This is also proposed by the Cognitive Affective Theory of Learning with Media (CATLM:
Moreno, 2006, 2007; Moreno & Mayer, 2007) and the Integrated Cognitive Affective Model of
Learning with Multimedia (ICALM: Plass & Kaplan, 2016). As a consequence, recent studies on
multimedia learning increasingly took motivational and affective variables into account (e.g.,
Knoérzer, Brinken, & Park, 2016a, 2016b; Schneider, Dyrna, Meier, Beege, & Rey, 2018;
Schneider, Nebel, & Rey, 2016). In the following, a brief overview over both models will be given.
Then, research on affective and motivational aspects in multimedia learning will be presented.

The CATLM (Figure 3) builds on the CTML and expands the theory by adding affective,
motivational, and self-regulatory factors. The CATLM is based on seven assumptions derived from
research on cognition and motivation: (a) there are separate and independent information
processing channels for verbal and non-verbal information (Baddeley, 1992), (b) information
processing takes place in the working memory which has a limited capacity for actively processing
information in each channel; processed information can be stored in the long-term memory which
has a virtually unlimited capacity (Atkinson & Shiffrin, 1968; Waugh & Norman, 1965), (c)
information and knowledge can be represented in verbal and visual codes (referring to dual-coding
theory: Paivio, 1986), (d) for meaningful learning to occur learners have to actively process the
new information by selecting, organizing, and integrating the information which requires conscious
cognitive effort (Mayer, 2014a; Mayer & Moreno, 2003; Wittrock, 1989), (e) affective and
motivational factors mediate (multimedia) learning by the means of increasing or decreasing
cognitive engagement (Gottfried, 1990; Moreno, Mayer, Spires, & Lester, 2001; Pintrich, 2003),
(F) cognitive processing and affect in learning is regulated by metacognitive factors (Morris, 1990;
Thiede, Anderson, & Therriault, 2003), and (g) individual differences like learners’ prior
knowledge or cognitive abilities affect multimedia learning (Kalyuga, Ayres, Chandler, & Sweller,
2003; Moreno & Duran, 2004; Plass, Chun, Mayer, & Leutner, 1998).

Assumptions (a) to (d) of the CATLM are derived from the CTML. Like the CTML the
CATLM distinguishes selection, organization, and integration of information as cognitive
processes in multimedia learning. Additionally, in the CATLM motivation and affect are assumed

to influence these cognitive processes by increasing or decreasing cognitive engagement
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(illustrated by the bottom-up arrows from long-term memory to selection, organization, and
integration in Figure 3). Furthermore, learners’ metacognitive and self-regulatory skills may help
to plan, monitor and, if necessary, adjust their learning (illustrated by the arrows from long-term
memory top-down to working memory and bottom-up to motivation and affect in Figure 3). Lastly,
individual differences in prior knowledge, cognitive abilities, and personality are assumed to affect
the efficiency of multimedia learning material. Thus, the CATLM expands the CTML by adding
affective, motivational, and metacognitive aspects, as well as individual differences that influence

and control the cognitive processes.
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Figure 3. The cognitive affective theory of learning with media (adapted from Moreno, 2006, p.
151).

The integrated cognitive affective model of learning with multimedia (Figure 4, ICALM: Plass &
Kaplan, 2016) incorporates the CATLM and further combines it with models dealing with affect
(Russell, 2003) or emotion schemas (lzard, 2009). Thus, it further emphasizes the close
interconnection between cognitive and affective processes. It not only takes interest and motivation
of the learner into account but also the experienced affect of the learning environment. However,
whereas the CATLM includes metacognitive processes and self-regulation in general, the ICALM
sheds light on emotional self-regulation. The main assumption of the ICALM is that there is an
inseparable and interdependent interconnection between cognitive and affective processes

influencing the processing of multimedia materials (illustrated by the thick double arrows between
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cognitive processing of verbal/visual information and affective/motivational processes in Figure
4).
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Figure 4. Integrated cognitive affective model of learning with multimedia (adapted from Plass &
Kaplan, 2016, p. 150)

r
v

Although affective and motivational aspects have gotten more and more into the focus of attention
in the field of multimedia learning (Mayer, 2014b; Park, Plass, & Briinken, 2014), empirical
evidence for the influence of these non-cognitive factors on learning is still quite sparse. However,
affective and motivational factors indeed seem to play a role in multimedia learning. Evidence for
this comes from at least three lines of research concerning emotional design of pictures, use of
decorative pictures, and the emotional state of the learner. In the following, research will be
summarized with focus on these lines of research.

One central problem of processing multimedia materials is that learners mainly ignore the
picture and overly rely on text information (Cromley et al., 2010; Hannus & Hyoné, 1999; Hegarty
& Just, 1993; Hochpochler et al., 2013; Schwonke et al., 2009). Thus, one line of research has
focused on so-called emotional design to enhance picture processing (Mayer & Estrella, 2014;
Plass, Heidig, Hayward, Homer, & Um, 2014; Stark, Briinken, & Park, 2018; Um, Plass, Hayward,
& Homer, 2012; Uzun, & Yildirim, 2018). This term applies to the use of design features within a

picture that have no explanatory content but aim at making the picture look more attractive by
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adding specific colors or shapes. The pictures are relevant for learning; the increase in
attractiveness of the materials is assumed to induce positive feelings and tempt the learners to
cognitively engage more with the pictorial learning content, thus, improving learning performance.
Such features are appealing, saturated, analogous, bright, warm color combinations, or round
shapes with human- or face-like characteristics (Mayer & Estrella, 2014). In several studies
participants learned with multimedia materials on how immunization works that either included
warm colors, round shapes with face-like characteristics, or grey colors, edgy shapes and no face-
like characteristics (Mayer & Estrella, 2014; Plass et al., 2014; Um et al., 2012). It was shown that
the former (emotional) design compared with the latter induced positive emotions in learners and
had a direct positive effect on learning performance. However, no effect of positive emotional
design on learning outcomes was found in an eye-tracking study, although learners gave more and
longer attention to the pictures with the positive design (Park, Knoérzer, Plass, & Briinken, 2015).
Thus, results on the effect of emotional design on learning performance are mixed.

A second line of research has focused on using decorative pictures to attract learners’
attention to the picture (Magner, Schwonke, Aleven, Popescu, & Renkl, 2014; Schneider et al.,
2018; Schneider et al., 2016; Sung & Mayer, 2012). Decorative pictures are attractive pictures that
are related to but not relevant for the learning context. However, pictures are assumed to aid
learning only if they contain relevant information (Levin, Anglin, & Carney, 1987). Otherwise,
they are assumed to use up cognitive resources that could have been used for processing of relevant
information, thus, overwhelming the learner. Sung and Mayer (2012) found that solely presenting
pictures together with a text triggers positive feelings in the learner. However, only pictures that
were directly relevant for learning improved learning performance. Similarly, Magner et al. (2014)
assumed that the mere use of decorative illustrations has attentional or affective functions as the
illustrations might trigger interest in and liking of the learning task. The decorative pictures indeed
triggered interest in the learning task. However, only learners with high prior knowledge benefitted
from the decorative pictures and showed an improved learning outcome whereas learners with low
prior knowledge were hindered from learning.

A third line of research has focused on how the emotional state of the learner impacts
multimedia learning. The idea is that the presence of an emotional state determines learners’
cognitive effort, thus, influencing learning performance. In order to investigate this issue, learners

were set into a positive or negative emotional state, for instance, by asking them to recollect happy
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or sad moments of their life, respectively (Knorzer et al., 2016a, 2016b; Park et al., 2015; Plass et
al., 2014; Um et al., 2012). However, results for learning performance were inconclusive. For one
thing, positive emotions were found to improve learning performance (Park et al., 2015), while
negative emotions impaired learning performance in a multimedia learning task (Heidig, Miller,
& Reichelt, 2015). More interestingly, the induced positive emotion led learners to increase their
invested mental effort and reduced the perceived difficulty of the learning task (Um et al., 2012),
which partially mediated the effect of the positive emotional state on learning performance. Other
studies, however, found that a positive emotional state hindered learning whereas a negative
emotional state improved learning (Knorzer et al., 2016a, 2016b). Thus, findings were again mixed.

In sum, there are many parameters that should be taken into account when dealing with
multimedia learning. As shown in the last sections multimedia learning is not a purely cognitive
process, but motivational, and affective factors should be taken into account as well. Although
these factors are considered in the CATLM and the ICALM; the way they actually influence the
learning process has not been further defined. Self-regulation is mentioned as overarching process
regulating cognition, motivation, and affect. But, the models yield no precise specifications on the
process level. Nevertheless, learners somehow have to monitor and regulate cognitive,
motivational, and affective processes in multimedia learning to overcome the three aforementioned
challenges: (1) choice of inadequate cognitive strategies, (2) feeling overwhelmed, and (3) feeling
underwhelmed. These three challenges can well be conceptualized against the backdrop of theories
of self-regulated learning. Categorizing the three challenges within a framework of self-regulated
learning might help getting a more conclusive picture on how self-regulation works when learning
with multimedia. In the next chapter first an overview of a framework of self-regulated learning
will be given. Afterwards, the three challenges will be put into the context of self-regulated learning

while elaborating on cognitive, motivational, and affective processes.
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3 Self-Regulated Learning

Self-regulated learning refers to how learners manage their own learning, that is, how they direct
their thoughts, feelings, and actions towards achieving a goal (Zimmerman, 2000). More
specifically, Pintrich (2000) described self-regulated learning as an “active, constructive process,
whereby learners set goals for their learning and then attempt to monitor, regulate, and control their
cognition, motivation, and behavior, guided and constrained by their goals and the contextual
features in the environment” (p. 453). Self-regulation in learning is important as it has been shown
that students’ use of self-regulated learning strategies is strongly associated with superior academic
functioning (Zimmerman & Martinez-Pons, 1986). Self-regulated learners are described as
metacognitively, motivationally, and behaviorally active participants in their own learning process
(Zimmerman, 1986). In particular, good self-regulators report to have high self-efficacy beliefs,
self-attributions, intrinsic task interest, and display extraordinary effort and persistence while
learning (Zimmerman, 1990).

There are various definitions, theories and models of self-regulated learning that emphasize
different aspects of self-regulated learning like the selection, combination, and coordination of
cognitive strategies, volitional, motivational, and behavioral aspects (Boekaerts, 1999; Corno,
1986, 1989, 2001; Pintrich, 2000; Schunk, 1989; Veenman, 2011b; Zimmerman, 1986, 1990).
These models share four basic assumptions (Pintrich, 2000): (1) active constructive assumption —
learners have to actively construct meaning by integrating external and internal information; (2)
potential for control assumption — learners need to invest effort to monitor, control, and regulate
their learning; (3) goal, criterion, or standard assumption — for the decision whether to continue or
change their learning behavior learners need to compare their current learning status with a set goal
or a reference value; (4) mediator assumption — self-regulatory activities in the learning process are
assumed to mediate between personal or contextual characteristics and the actual learning

performance.

3.1 Pintrich’s Framework for Self-Regulated Learning

Pintrich (2000) summarized and compared the major self-regulation models in education and
developed a framework of self-regulated learning. In this framework self-regulated learning is

defined to occur in four areas: cognition, motivation, behavior, and context. In each of those areas
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self-regulation happens in four consecutive phases: (1) planning and activation, (2) monitoring, (3)
control and regulation, and (4) reaction and reflection. In the following the four areas that undergo
the four phases will be elaborated in more detail. An overview of the framework can be found in
Table 1.

3.1.1 Cognition in self-regulated learning

The area of cognition refers to different cognitive strategies that learners might employ. Cognitive
strategies are goal-specific, strategic procedures to perform a cognitive task (Pressley, 1986). In
the area of cognition in the first phase of Pintrich’s model, learners have to plan and activate the
cognitive strategies. This includes not only decisions on which cognitive strategies to use, but also
how, when, and why to use them. This idea was picked up in the WWW&H rule which specifies
that for the successful use of cognitive strategies learners need to know what to do when, why, and
how to do it (Veenman, Van Hout-Wolters, & Afflerbach, 2006). In the second phase, learners have
to monitor whether the cognitive strategies are adequate for the learning task, so that they can adapt
or change the strategies if necessary. Good strategy users know that the success of a task depends
on the use of an appropriate cognitive strategy and the capability of shielding the employment of
this strategy from distractions (Pressley, 1986; Pressley, Borkowski, & Schneider, 1987, 1989).
The selection and use of cognitive strategies refers to the third phase, that is, the control and
regulation of cognition, which is considered to be the central aspect of self-regulated learning. A
good strategy user is specified as someone who knows that a specific cognitive action should be
executed when particular conditions are met and that the cognitive process should be tailored to
the situational demands (Pressley, 1986; Pressley et al., 1987, 1989). In the fourth phase task
performance is evaluated in relation to the cognitive strategies that were used.

It seems plausible to assume a positive relationship between cognitive strategy use and
learning performance (Hasselhorn & Gold, 2006; Pressley et al., 1987). Research on interventions
that foster the use of beneficial strategies has shown that these interventions foster learning
performance (e.g., Kombartzky, Ploetzner, Schlag, & Metz, 2010; Sporer, Brunstein, & Kieschke,
2009; Thillmann, Kinsting, Wirth, & Leutner, 2009). For instance, sixth-graders, who were

instructed and encouraged to use a strategy of processing the learning material, had an
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improved learning outcome compared with sixth-graders, who did not receive such an instruction
(Schlag & Ploetzner, 2011). However, the mere teaching of beneficial strategies seems to be
insufficient as learners also need to know when and why to use them. For instance, in a study with
64 students from ninth grade it was shown that a strategy training improved strategy knowledge.
However, the students did not apply the strategies in a following learning task and, thus, no effect

on learning performance could be found (Scheiter, Schubert, Gerjets, & Stalbovs, 2015).
3.1.2 Motivation in self-regulated learning

The area of motivation refers to the learners’ self-efficacy beliefs and values, interest and liking of
the task, and it includes any positive or negative reaction to the self or the task. Self-efficacy beliefs
refer to the confidence in one’s own capability to accomplish a task and the expectancy to achieve
the desired outcome (Bandura & Locke, 2003; Zimmerman, 2000). In more detail and related to
learning, they address the perceived capabilities regarding one’s learning or the learner’s
confidence to master a learning task and one’s beliefs about one’s own learning skills. Self-efficacy
beliefs are built as a result of an evaluation of the feasibility of the learning task. Holding only low
self-efficacy beliefs is problematic, as there is a connection between self-efficacy beliefs and the
quality of information processing or learning performance (Berger & Karabenick, 2011; Pokay &
Blumenfeld, 1990; Zimmerman, 2000).

In the first phase of the motivational area, learners evaluate the feasibility of the task on
which they base their self-efficacy beliefs; these are further monitored in the second phase. For
such an evaluation ratings of one’s own learning capabilities in relation to the difficulty of the task
are necessary, which are referred to as judgments of learning (Nelson & Narens, 1990). These
judgments can be used to calculate metacognitive accuracy (Nelson, 1996). Metacognitive
accuracy describes the relation of learners’ judgments to their actual learning performance, that is,
whether learners are accurate in the evaluation of their learning. Learners who think they are not
capable of fulfilling the learning task are, thus, expected to give judgments of learning that fall
below their actual learning performance. Judging one’s own learning in a given task as accurately
as possible is important, as it is assumed to determine subsequent learning behavior (Bjork et al.,
2013; Nelson, Dunlosky, Graf, & Narens, 1994; Thiede & Dunlosky, 1999). Learners who are less
confident about their learning (i.e., who feel overwhelmed) might hold low self-efficacy beliefs,
telling them that they are not able to learn the materials optimally. This is problematic as learners

who are cognitively overwhelmed have been found to be unable to carry out deep-level learning
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activities (van Merriénboer & Sluijsmans, 2009). In the third phase, self-efficacy beliefs can be
regulated and increased through positive self-talk, which means, telling oneself that a given task is
feasible (Bayer & Gollwitzer, 2007; Meichenbaum & Goodman, 1971). In the fourth phase,
learners make attributions of success or failure for the outcome which then again determine future
self-efficacy beliefs for similar tasks. Thus, the concept of self-efficacy beliefs and the motivational
area of self-regulated learning closely relate to the expectancy-value theory (Atkinson, 1957;
Wigfield, 1994; Wigfield & Eccles, 1992, 2000). This theory describes learning actions, that is, the
choice of strategies, persistence, and performance, as a function of the expectations of success that
learners hold and how much they subjectively value the learning task (Wigfield & Eccles, 2000).

Self-efficacy or the confidence in one’s own abilities is important as it has been shown to
be positively related to deeper elaboration in learning and to performance (Bandura & Locke, 2003;
Berger & Karabenick, 2011; Multon, Brown, & Lent, 1991; Pokay & Blumenfeld, 1990; Stajkovic
& Luthans, 1998; Zimmerman, 2000). In a meta-analysis including 38 studies and 4,998
participants a significant relation between self-efficacy beliefs and academic performance was
reported with a medium (to large) effect size of r = .38.

3.1.3 Behavior in self-regulated learning

The area of behavior refers to the general effort that learners invest in the learning task. For
meaningful learning sufficient effort has to be invested to meet the cognitive demands of
information processing (Kanfer & Ackerman, 1989; Norman & Bobrow, 1975; van Merriénboer
& Sweller, 2005). One aspect of effort is learning time which can be considered an observable
indicator of how much effort learners put into learning (Vollmeyer & Rheinberg, 2013). The first
phase in the area of behavior includes management of effort. That is, learners plan how much time
or effort they want to invest in the task. In the second phase learners monitor whether their effort
investment fits the task requirements, and, in the third phase, adapt it accordingly (regulation of
behavior). Effort regulation is closely related to the judged difficulty of the task in the sense that
effort is increased for increased difficulty as long as successful performance is still feasible (Brehm
& Self, 1989). Learners who perceive multimedia learning materials as easy, are, thus, expected to
give judgments of learning that exceed their actual learning outcome. Judgments of learning are
likely to influence the decision whether more or less effort is needed (Bjork et al., 2013; Thiede &
Dunlosky, 1999). Thus, learners who are overly confident about their learning (feeling of being

underwhelmed) might decide to invest only little effort, or even to stop learning prematurely (Bjork
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et al., 2013). In line with this Eitel (2016) found in a learning experiment that the more confident
learners were about their performance, the less time and effort they spent on learning. In the fourth
phase learners reflect on the effort they have spent on learning, allowing them to determine to spend
more or less effort in the future on similar learning tasks.

The area of behavior is important as the regulation of effort has been shown to be positively
related to academic achievement (Wolters, 1998). For instance, in a longitudinal study the
management of effort was found to directly influence academic achievement (Schiefele, Streblow,
Ermgassen, & Moschner, 2003).

3.1.4 Context in self-regulated learning

The area of context refers to the external environment and the circumstances of the learning task.
In the first phase learners perceive the task and the context. In the second phase it is monitored
whether task requirements change. The third phase addresses attempts to structure the
circumstances to facilitate or lower learning goals, if necessary. In the fourth phase the learning
context and its influence on learning is evaluated, so that appropriate contexts can be chosen for
future learning. However, regulation of the context is not specifically incorporated in most models
of self-regulated learning (Boekaerts, 1999; Corno, 1986, 1989, 2001; Schunk, 1989; Veenman,
2011b; Zimmerman, 1986, 1990), as it does not refer to regulating the self and mastering a given
task but rather to changing an external environment. As the focus of the following experiments is
on the regulation of the self only cognition, motivation, and behavior will be further taken into

consideration.

3.2 Mapping the Challenges in Multimedia Learning onto the Areas of Self-Regulated

Learning

Multimedia learning is complex as it requires the construction of an integrated mental model that
contains information from more than one representation. These representations have to be
processed adequately by using specific cognitive learning strategies. This requires applying
resources appropriately to the learning process; making it necessary to consider not only cognitive,
but also motivational and affective parameters. In the chapter on multimedia learning three major
challenges were identified that might occur when learning from illustrated texts. These challenges

can be conceptualized against the backdrop of Pintrich’s framework of self-regulated learning.
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Within this framework the challenges of multimedia learning, that is, insufficient processing, as
well as feeling either overwhelmed or underwhelmed, can be related to the areas of self-regulated
learning, namely, cognition, motivation, and behavior, respectively.

Insufficient processing in the sense of relying on text information and not connecting it to
pictorial information can be classified as a lack of cognitive regulation. Relating to cognition in
multimedia learning, learners have to select adequate cognitive strategies to process and integrate
text and picture information appropriately (Scheiter et al., 2017). Instructional support in form of
self-regulatory aids can help learners to employ adequate strategies or to overcome detrimental
obstacles in multimedia learning. In line with this reasoning, sixth-graders were taught a learning
strategy that consisted of various learning techniques that were based on the cognitive processes
described in the multimedia theories: selection, organization, and integration (Kombartzky et al.,
2010). Students studied a multimedia message including spoken text with an animation about the
honeybee dance. Those students who got the self-regulatory instruction of the learning strategy
were more successful in a subsequent test than students in a control group who were just asked to
summarize the content in an essay. Thus, supporting learners to use adequate cognitive strategies
to process text and picture information in an integrated manner can be considered to support
cognitive self-regulation in multimedia learning.

Feelings of being overwhelmed by processing cognitively demanding multimedia materials
can be categorized as a problem of motivational regulation. Reliance on text information (Hannus
& Hyona, 1999; Hegarty & Just, 1993; Schwonke et al., 2009) might be an indicator that learners
feel overwhelmed by the multimedia representations. Feelings of being overwhelmed are closely
related to the concept of self-efficacy beliefs (Bandura & Locke, 2003) in that these feelings may
especially occur for learners who hold low self-efficacy beliefs when learning with multimedia.
Therefore, strengthening learners’ self-efficacy beliefs should support the motivational area of self-
regulation.

On the other hand, feelings of being underwhelmed can be considered a problem of
behavioral regulation in multimedia learning. In line with the multimedia heuristic (Serra &
Dunlosky, 2010), learners who perceive multimedia materials to be easy to learn from, feel
underwhelmed, — or overly confident — and, thus, invest less effort than would be profitable, which
results in lower learning performance (Dunlosky & Rawson, 2012; Son & Metcalfe, 2000).

Moreover, learners might not be willing to consider both information sources as they might think

20



Self-Requlated Learning

that it is not worth the additional costs to process two representations (Bodemer & Faust, 2006;
Schnotz, 2014; Sweller, van Merriénboer, & Paas, 1998). However, for multimedia learning to be
effective, it is necessary to actively engage in cognitive processing which requires the investment
of sufficient time and effort (Mayer, 2014a, 2014b; Schnotz, 2014). Interventions aimed at
increasing the effort that learners invest in the verbal and the pictorial source of the multimedia
learning material can, thus, be seen as a support for behavioral regulation.

Both non-cognitive, - that is, motivational and behavioral challenges — are based on
students’ evaluation of the learning situation, that is, their judgments of learning and metacognitive
accuracy. Learners who feel overwhelmed by the multimedia materials are expected to give
judgments of learning that fall below their actual performance. Learners who feel underwhelmed
are expected to give judgments of learning that go beyond their actual performance.

To sum up, the challenges that learners face in multimedia learning can be considered to be
problems of self-regulated learning. Insufficient cognitive processing relates to the area of
cognition, a feeling of being overwhelmed (underestimation of one’s own learning) relates to the
area of motivation, and a feeling of being underwhelmed (overestimation of one’s own learning)
relates to the area of behavior. In the following experiments, it is investigated, whether giving self-
regulatory support within each of these areas increases learning in a multimedia environment.
However, as the areas of self-regulation are quite diverse, a support tool is needed, that is very
flexible with regard to its content. In the next chapter implementation intentions are introduced as
an instructional tool that specifically addresses self-regulation, and can be adapted to support any

kind of action like cognitive, motivational, and behavioral self-regulation.
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4 Implementation Intentions: A Self-Regulatory Tool

4.1 Definition of Implementation Intentions

Implementation intentions are a tool that helps to translate any plan into action (Gollwitzer, 1999,
2014). In a meta-analysis implementation intentions have been shown to effectively support goal-
oriented behavior with a medium to large effect (d = .65; Gollwitzer & Sheeran, 2006).
Implementation intentions are if-then action plans that have the format ‘If I encounter situation X,
then | will perform the goal-directed behavior Y!’. Forming such plans strongly connects a
favorable situation (if) with a goal-directed behavioral response (then) which enables goal
achievement. The associative link between situation and behavior in implementation intentions is
assumed to close the gap between an intention and its corresponding action. Building
implementation intentions instead of barely setting a goal is considered to turn action control from
top-down to bottom-up (Gilbert, Gollwitzer, Cohen, Oettingen, & Burgess, 2009; Gollwitzer, 2012,
2014). This means that when just setting an abstract goal (e.g., losing weight), actions have to be
deduced that help to achieve that goal (e.g., eating healthier or ordering salad). In contrast, an
implementation intention sets a particular time and place in the if-part (e.g., in the restaurant at
lunch break) that is then linked to a specific action in the then-part (e.g., ordering salad). Once the
situation specified in the if-part is encountered, it will automatically trigger the corresponding
action, thereby delegating action control from the self to the environment. Implementation
intentions can be individually filled with appropriate situations and behaviors and can, thus, be
adapted to any kind of goal.

Implementation intentions  specifically address self-regulation. In particular,
implementation intentions are assumed to help overcoming self-regulatory obstacles no matter
whether these obstacles are internal (e.g., lacking cognitive resources) or external (e.g., difficult
situations) in nature (Gollwitzer, 2014). Implementation intentions address aspects of self-
regulation which refer to how actions are planned, initiated, and preserved particularly under
difficult circumstances (Achtziger & Gollwitzer, 2008). The Rubicon model of action phases
(Heckhausen, 1987; Heckhausen & Gollwitzer, 1987; Gollwitzer, 1996, 2012) describes the action
planning process in four independent, consecutive phases: (1) the predecisional phase, (2) the
preactional phase, (3) the actional phase, and (4) the postactional phase. These phases are similar
to those of Pintrich’s model of self-regulated learning (Pintrich, 2000). The predecisional phase, in
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which preferences among wishes are formed and a goal is set, relates to the planning and activation
phase in the Pintrich model. The preactional phase, in which plans how to realize this goal are made
differs slightly from Pintrich’s monitoring phase that relates more to observing and comparing of
the given conditions with the already set up plan. In the actional phase the goal-directed action is
implemented and persistently carried out until the goal is achieved. This phase relates to Pintrich’s
control and regulation phase including the selection and use of cognitive strategies as well as the
adaption of self-efficacy beliefs, time and effort. The Rubicon model’s postactional phase like
Pintrich’s reaction and reflection phase comprises the evaluation of the degree and quality of goal
achievement to decide whether further goal striving is needed. The second and third phases, in
which goal-directed behavior is translated into action and proceeded, are especially complex since
learners have to decide where, when, and how to act; thus, initiating actions and staying on track
is challenging. These aspects are particularly addressed by implementation intentions;
implementation intentions tell the learners not only how to reach a goal, they also specify the right
moment (Achtziger, Gollwitzer, & Sheeran, 2008; Gollwitzer, 1999).

4.1.1 Cognitive efficiency of implementation intentions

There are two peculiarities about implementation intentions that make them very efficient in terms
of cognitive resources: the high accessibility of the situation specified in the if-part and the
automatic activation of the behavior specified in the then-part (Brandstatter, Lengfelder, &
Gollwitzer, 2001; Webb & Sheeran, 2007). The effect of implementation intentions on goal
achievement was even found to be mediated by those two conditions (Webb & Sheeran, 2008).
First, it was found that subjects who had internalized implementation intentions had better
access to a memory representation of the situation specified in the if-part; that is, a situation was
easier and faster to detect if mentioned in the if-part (Aarts, Dijksterhuis, & Midden, 1999; Parks-
Stamm, Gollwitzer, & Oettingen, 2007; Webb & Sheeran, 2004, 2007, 2008). For instance,
university students had the task to collect a coupon at a secretary’s office on their way from the lab
to the cafeteria (Aarts et al., 1999). They were divided into two groups. Both groups formed either
task-related or task-unrelated implementation intentions: one group was urged to plan how to
collect the coupon (task-related) and the other group was urged to plan how to spend the coupon
(task-unrelated). In a lexical decision task later on, participants with task-related implementation
intentions responded faster to target words (related to the situational cue when and where to collect

the coupon that was specified in the if-part of the implementation intention) than participants with
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task-unrelated implementation intentions. Furthermore, participants with task-related
implementation intentions were more successful in collecting the coupon and the accessibility of
the task accounted for the probability of collecting the coupon. Thus, forming implementation
intentions makes the mental representation of the situational cue highly accessible in memory.

Second, implementation intentions were found to lead to automatic activation of the
behavior specified in the then-part (Armitage, 2009; Bayer, Achtziger, Gollwitzer, & Moskowitz,
2009; Gollwitzer & Brandstétter, 1997; Webb & Sheeran, 2007, 2008). In a fMRI study it could be
shown that implementation intentions induced a pattern of neuronal activity that is similar to
neuronal activity of automatic behavior (Gilbert et al., 2009). Moreover, implementation intentions
were shown to be effective even if the underlying goal intention was consciously not accessible
(Gollwitzer & Schaal, 1998). The automatic activation of the behavioral response is efficient as it
makes cognitive demanding control of behavior dispensable, and, thus, frees up cognitive resources
(Brandstétter et al., 2001). This point is underpinned by the findings that implementation intentions
improved action control even in subjects whose ability to control their action and to apply self-
regulation are hampered (e.g., ADHD children: Gawrilow & Gollwitzer, 2008; Gawrilow,
Gollwitzer, & Oettingen, 2011; Gawrilow, Schmitt, & Rauch, 2011; or addicts: Brandstatter et al.,
2001). Furthermore, implementation intentions were effective even if cognitive load was high
(Stalbovs, 2016). Thus, action initiation is fostered even if there are only few cognitive resources,
as implementation intentions delegate effortful cognitive control to the situation.

Delegating action control to the situation is what distinguishes implementation intentions
from other interventions. Implementation intentions are conceptually related to prompts (e.g.,
Bannert, 2009; Kombartzky et al., 2010; Wirth, 2009). Prompts are performance aids that remind
learners to activate or execute learning processes that they already possess (Bannert, 2009).
However, prompts often only address declarative knowledge (what to do) without instructing
learners when and why during learning (Bannert, 2009). Thus, learners have to use up cognitive
resources to carry out these learning processes at the right time. Implementation intentions are an
optimized version of prompts, because they tell when and where the specific action should be
performed. More particularly, they strongly link the behavioral response to the situational cue, thus,
triggering to automatically initiate the specified action (Armitage, 2009; Bayer et al., 2009;
Gollwitzer & Brandstéatter, 1997; Webb & Sheeran, 2007, 2008). In line with this reasoning,

implementation intentions have been shown to improve goal achievement more effectively than
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mere goal intentions or prompts, that means setting a goal without specifying when, where, and
how to realize it, or a control group without any goal instructions (Chapman, Armitage, & Norman,
2009; Stalbovs et al., 2015). For instance, one week after participants were instructed to eat more
fruit and vegetables, all participants increased their fruit and vegetable intake (Chapman et al.,
2009). However, those participants who structured their plans in an if-then-format reported a higher
average intake than participants who made their plan without this specific structure. This
superiority of implementation intentions over goal intentions or prompts is explained by the
cognitive efficiency of implementation intentions.

There is vast empirical evidence for the effectiveness of implementation intentions across
the board (e.g., Gollwitzer & Sheeran, 2006). Furthermore, implementation intentions are very
flexible regarding their content and can give specific or generic instructional support, and therefore,
might serve as a tool to overcome obstacles in self-regulated learning with multimedia material. In
the next section, research on implementation intentions in learning scenarios and the educational
context will be summarized. In particular, research will be reported that shows implementation
intentions supporting cognitive, motivational, and behavioral self-regulation in the learning,

educational, and academic context.

4.2 Implementation Intentions to Support Self-Regulation in Education

Implementation intentions have been used to effectively support self-regulation when carrying out
cognitive and academic tasks. Hereinafter, first empirical evidence will be summarized which
shows that implementation intentions might foster goal achievement throughout a broad spectrum
of academic tasks. Thereafter, research on implementation intentions relating to self-regulation of
cognition, motivation, and behavior within the educational context will be presented.

In a study on time management of academic work, participants were asked to schedule time
for an upcoming academic concern such as preparing a presentation (Oettingen, Kappes,
Guttenberg, & Gollwitzer, 2015). One group of participants was instructed to form implementation
intentions with an obstacle that could hinder them from fulfilling the task (if-part) and a behavior
that could help them to overcome the obstacle (then-part) and to solve the concern. The other
groups did not form implementation intentions or filled them with other task-unrelated content.
Those participants using implementation intentions to plan their behavior scheduled more time for

completing the academic task in the upcoming week than participants who elaborated on the same
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relevant content but did not use the specific if-then-format, or who used the same format but
enriched the if-then-plan with unrelated content. However, it was only observed how much time
participants scheduled for the planned behavior rather than how much time they actually spend on
executing their plans.

Whether implementation intentions actually have a positive impact on academic
performance was investigated in a study with children from an urban public middle school
(Duckworth, Kirby, Gollwitzer, & Oettingen, 2013). All children were asked to think of a goal
within the school context they have for the next weeks or months. Then, one group elaborated on
possible obstacles that could prevent them from achieving the goal and possible behaviors that
could help them to overcome the obstacle. Furthermore, this group was asked to form and
internalize implementation intentions related to the obstacle (if-part) and the behavior necessary to
overcome it (then-part). The other group just thought of achieving this goal without forming any
plans. Even though it was not observed whether children really accomplished their individual goals
and wishes, there was an effect of implementation intentions on academic performance. Working
with implementation intentions led children to have better grades, more reliable attendance, and a
better evaluation of their conduct in the remaining school year.

Implementation intentions can also help to get started with academic tasks (Oettingen,
Honig, & Gollwitzer, 2000). University students were presented with a cover story suggesting that
researchers were interested in how sleep affects cognitive performance. Then, they were asked to
solve math tasks weekly at a certain time. Participants either formed a goal intention (‘I will
perform as many arithmetic tasks as possible each Wednesday at [self-chosen time]!”) or an
implementation intention (‘If it is Wednesday at [self-chosen time], I will perform as many
arithmetic tasks as possible!’) to determine their individual time of the day. In the following weeks,
those participants who had used the implementation intention adhered to their determined date
more strongly than participants who had used the goal intention. The findings show that
implementation intentions help to initiate planned behavior.

Effects of implementation intentions that support self-regulation in cognitive tasks could as
well be found on a more fine-grained level like reaction times (Wieber, von Suchodoletz, Heikamp,
Trommsdorff, & Gollwitzer, 2011). Children at the age of approximately seven years worked on
categorization tasks while they were simultaneously presented with distractions that differed in the

degree of attractiveness. To help children keep their attention on the categorization task without
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getting distracted, they were either familiarized with an implementation intention (‘If there is a
distraction, then I will ignore it!”) or a goal intention (‘I will ignore distractions!’). Whereas for
children who got instructed with goal intentions, the reaction times in the categorization task were
determined by the attractiveness of the distractions (longer reaction times for more attractive
distractors), children instructed with implementation intentions were more capable of ignoring the
distractions. When the distraction was rather attractive, only implementation intentions helped
children to ignore the distraction.

The effect of implementation intentions that help to shield a task from distractions also
holds true for individuals who in general have difficulties with action control such as children
diagnosed with ADHD (Gawrilow, Schmitt et al., 2011). Children with ADHD usually perform
poorly in tasks that require cognitive control but this deficiency could be alleviated by the use of
relevant implementation intentions. For instance, boys diagnosed with ADHD were presented with
distractions (short movie excerpts) while solving math tasks (Gawrilow, Gollwitzer et al., 2011).
Additionally, they received implementation intentions connecting the situation of a movie excerpt
starting with either the instruction to then concentrate on the math task, or with the instruction to
ignore the movie, or they did not receive an implementation intention at all. Both implementation
intentions led boys with ADHD to solve the math tasks faster compared with the group of boys
with ADHD not receiving implementation intentions. In the same experiment, the implementation
intentions did not influence the time of solving the math tasks for boys who were not diagnosed
with ADHD. Thus, implementation intentions supported children in concentrating on and staying
on track with math tasks.

With regard to the three self-regulatory challenges that have been distinguished in the
chapters above, research has already shown that implementation intentions are a promising tool to
support the areas of self-regulated learning. In the following, empirical evidence will be
summarized showing that implementation intentions help to foster self-regulated learning in the
areas of cognition, motivation, and behavior.

In a series of experiments, implementation intentions have been identified to effectively
support cognitive self-regulation (Stalbovs, 2016; Stalbovs et al., 2015). Before studying a
multimedia message, learners were instructed with implementation intentions that comprised
multimedia-specific cognitive strategies, thus, addressing cognitive self-regulation in learning. The

implementation intentions were formed by deriving critical situations and the corresponding
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adequate cognitive strategies from multimedia learning literature. Thus, the implementation
intentions related to text processing (e.g., ‘If I have finished reading a page, then I will carefully
re-read all paragraphs!’), picture processing (e.g., ‘If I am looking at a picture, then I will search
for its central elements with regard to content.”), and integration of text-picture-information (e.g.,
‘If I have read a paragraph, then I will search the picture for the contents described therein.”). The
learning materials dealt with the topic of cell division. They consisted of 19 pages, each containing
an explanatory text with a corresponding picture. During learning, eye movements of the
participants were recorded. Then, the learners were tested on the just studied contents in a
subsequent knowledge test. It was found that implementation intentions improve participants’
learning outcomes compared with a control group that did not receive any instructional support.
The eye tracking data, furthermore, revealed that implementation intentions positively affected
integration of text and picture information which was predictive for the learning outcome. This is
in line with the assumption that integration is crucial for multimedia learning (Mayer, 2014a).
Furthermore, support of all three cognitive processes (text processing, picture processing, and
integration) proved to particularly enhance the learning outcome compared with supporting only
one of the processes. The effect of implementation intentions even lasted against a more
conservative control group that received the same information about the multimedia-specific
cognitive processes in form of a goal intention, but without the if-then structure typical for
implementation intentions (e.g., ‘I will search the picture for the contents described in every
paragraph!”). Thus, self-regulation in the area of cognition could be supported by using
implementation intentions relating to control of cognitive processes.

Relating to the area of motivation in self-regulated learning, in two experiments
implementation intentions effectively strengthened self-efficacy beliefs and, in turn, improved test
scores (Bayer & Gollwitzer, 2007). Here, the situational cue in the if-part was not connected to a
specific goal-directed action but to a motivational response. In the first experiment female high
school students were given math tasks and were asked to solve as many tasks as possible. One
group of students was additionally asked to internalize an implementation intention to increase
self-efficacy through positive self-talk (‘And if I start a new problem, then I will tell myself: I can
solve it!”). Solving more math tasks correctly, students with the self-efficacy implementation
intention outperformed the control group who did not get any instructions via implementation

intentions. In a second experiment this advantage of self-efficacy implementation intentions was
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shown to prevail against a more conservative control group. Male university students were asked
to work on an intelligence test and to solve as many tasks as possible. Again the control group did
not get any further instructions. The implementation intention group got the same self-efficacy
strengthening implementation intention as in the first experiment. A third group, the goal intention
group, also received the self-efficacy strengthening instruction, but without the if-then structure
(‘And I will tell myself: I can do these problems!’). Results showed that performance improved in
the implementation intention group compared with the other two groups. The number of correctly
solved tasks in the goal intention group did not differ significantly from the performance in the
control group. Thus, implementation intentions supporting the motivational area of self-regulated
learning via strengthening self-efficacy beliefs facilitated the students’ task performance.

Implementation intentions relating to the time and effort one is investing in a given task
address the behavioral area of self-regulated learning. In a study with high school students,
implementation intentions related to self-discipline that sought to improve the preparation of a
high-stakes exam (Duckworth, Grant, Loew, Oettingen, & Gollwitzer, 2011). At the beginning of
summer, half of the students formed and internalized individual implementation intentions on
where, when, and how to prepare for an upcoming exam. The implementation intentions were
directed towards completing all practice tests in a supplied workbook, thus, increasing the time and
effort students invest in the exam preparation. The other half of the group prepared for the exam
with the same workbook but without further instructions. Over the summer the students prepared
for the exam with the workbook on their own. In the fall, just after the exam had taken place, the
workbooks were collected and analyzed with regard to the number of completed tasks. Those
students who had internalized implementation intentions completed about 60% more of the tasks
than did students of the control group. Thus, implementation intentions supported the behavioral
area of self-regulated learning by increasing the time and effort that students invested in preparing
for the exam.

Taken together, implementation intentions seem to be a helpful tool to support self-
regulation in education and can particularly be used to support self-regulatory processes of

cognition, motivation, and behavior.

4.3 Conditions for Implementation Intentions to Work Well
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Implementation intentions have been reported as a rather easy-to-implement, nonetheless, very
effective tool. However, there are prerequisites for implementation intentions to work and some
conditions under which implementation intentions work particularly well.

Inevitably, implementation intentions have to be formulated and internalized.
Implementation intentions work by making a situational cue highly accessible and connecting it to
a goal-directed response (e.g., Aarts et al., 1999; Gollwitzer & Schaal, 1998; Webb & Sheeran,
2007, 2008). For this purpose, individuals have to familiarize themselves with the specified future
situation and strongly connect it to the desired behavior. Only by making this link, implementation
intentions can unfold their potential to bridge the gap between an intention and the action to achieve
the underlying goal.

Furthermore, the task-relevant goal that is underlying the implementation intention should
be activated (Aarts & Dijksterhuis, 2000; Sheeran, Webb, & Gollwitzer, 2005). That is, the
underlying goal should be available and the behavior in the implementation intention needs to fit
that goal. In line with this reasoning, participants solved picture puzzles faster when they were
instructed with an implementation intention relating to speed than with a task-irrelevant
implementation intention (Sheeran et al., 2005). However, this effect only occurred when the goal
to be fast was activated in a priming task, but did not occur when the goal to be accurate was
activated.

Additionally, the relation between implementation intentions and goal achievement was
shown to be qualified by the strength of the individuals’ commitment to the goal (de Nooijer, de
Vet, Brug, & de Vries, 2006; Sheeran et al., 2005). In a study on how implementation intentions
might help to increase the average consumption of fruits over a week, goal commitment positively
affected the influence of implementation intentions on fruit intake (de Nooijer et al., 2006).
Similarly, it was found that personal interest in the goal positively influenced an effect of
implementation intentions on putting New Year’s resolutions into practice (Koestner, Lekes,
Powers, & Chicoine, 2002). Thus, in these studies it was shown that implementation intentions
work particularly well when the underlying goal is activated and when commitment to that goal is
high.

Specificity of implementation intentions is another boundary condition that is assumed to
have an impact on how well implementation intentions work (de Vet, Oenema, & Brug, 2011). In

a health-related study participants were asked to formulate implementation intentions with the goal
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to increase physical activity. The number of implementation intentions as well as their specificity
were coded and analyzed for predicting the increase in physical activity two weeks later. Specificity
was coded as the number of answers to the questions ‘what?’, ‘when?’, ‘where?’, and ‘how long?’
mentioned within the implementation intentions. Results showed that participants were more likely
to put their plans into action when the implementation intentions were more specific. Forming more
implementation intentions was only helpful for action initiation if they were high in specificity.
Thus, specificity seems to be an important factor for implementation intentions’ effectiveness.

Furthermore, self-efficacy was investigated as a possible moderator of the implementation
intentions effect (Wieber, Odenthal, & Gollwitzer, 2010). At first, low or high self-efficacy was
induced by giving participants either very difficult or very easy examples of a cognitive task. Then,
they were asked to work on the actual cognitive tasks with the goal to solve as many items as
possible. All participants were informed that double checking before going on to the next item was
a very helpful strategy. Participants of the implementation intention condition additionally received
the if-then plan ‘And if I have found an initial solution, then [ will double check it!”’. As a dependent
variable the number of correctly solved items was calculated. Whereas one would assume that
implementation intentions compared with mere goal intentions might compensate for low self-
efficacy beliefs, no effect of implementation intentions were found when self-efficacy was low.
Instead, results suggested that implementation intentions were effective only when items were
difficult and self-efficacy was high. However, the implementation intention related to a strategy
for task solution. It did not apply to strengthening self-efficacy beliefs themselves, thus, not
regulating the self-regulatory challenge that was induced by the self-efficacy manipulation.

Other research has shown that implementation intentions are particularly effective when
they are applied to self-regulatory problems. This was investigated with individuals that basically
struggle in self-regulation such as drug-addicts under withdrawal, schizophrenic patients, or
children with ADHD (Brandstatter et al., 2001; Gawrilow, Gollwitzer et al., 2011; Gawrilow &
Gollwitzer, 2008). For instance, drug-addicts were asked to compose a curriculum vitae as part of
a workshop on how to apply for a job (Brandstatter et al., 2001). Patients were either still under
withdrawal or did not show symptoms of withdrawal anymore. When patients suffer from
withdrawal, cognitive resources are mostly occupied by drug urge. Those patients who internalized
goal-relevant implementation intentions (when, where, and how to write the curriculum vitae) were

more likely to get the task done some hours later than patients who internalized goal-irrelevant
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implementation intentions (when, where, and how to have lunch). Moreover, the effect was even
stronger in the group of patients that still suffered from symptoms of withdrawal.

As outlined in the literature review, challenges in self-regulating multimedia learning occur
in the area of cognition, motivation, and behavior. In addition, there already exist studies that aimed
at overcoming self-regulatory challenges in learning with the help of implementation intentions.
The aim of this work was to examine the differential effects of implementation intentions relating
to cognitive, motivational, and behavioral self-regulation in multimedia learning by comparing
them with each other. Additionally, depending on the manifestation of the challenges and the
specification of the implementation intentions, the influence on the learning outcome might vary.

An overview of the research questions and the experiments will be given in the next chapter.
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5 Overview of Research Questions and Experiments

Learners have to study with multimedia learning materials more and more often on their own.
Learning with such materials is complex as it requires the learner to include information from
several representations within one coherent mental model. To benefit from multimedia material,
learners have to cope with several challenges which can be conceptualized against the backdrop of
self-regulated learning. Learners must choose adequate cognitive strategies for information
processing (cognitive self-regulation), they must believe in their own capabilities to learn
(motivational self-regulation), and they must provide sufficient effort to master the learning task
(behavioral self-regulation). Implementation intentions can give support to overcome these
challenges. Previous research has shown that implementation intentions successfully supported
self-regulation in the areas of cognition, motivation, and behavior. The goal of the following
experiments was to address the relative effectiveness of implementation intentions related to the
three areas of self-regulated learning in the context of problems that students may face in
multimedia learning. In four experiments, three overarching research questions were investigated.
In the following, an overview over these research questions and an outline of the four experiments
will be given. The specific hypotheses of every experiment are then described in the respective

chapters.

1. The first research question concerns whether supporting self-regulation in multimedia
learning via implementation intentions improves the learning outcome in general. Based
on multimedia research learners struggle with self-regulating their cognition,
motivation, and behavior in multimedia learning. Thus, appropriate implementation
intentions were used in all four experiments to help learners overcoming these
challenges. It was expected that implementation intentions improve the learning
outcome compared with a control group that did not get any instructional support.

2. The second research question deals with the particular effects of implementation
intentions supporting cognition, motivation, or behavior. To get an insight whether
supports for those areas of self-regulated learning leads to effects in equal size or
whether they differ, the learning outcome of implementation intention groups were
compared with each other. For instance, Pintrich (2000) assumes the selection and use
of adequate cognitive strategies to be the central aspect of self-regulated learning.
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Furthermore, differential effects were expected as the implementation intentions vary
in specificity which is known to be a boundary condition of implementation intention
effects (de Vetet al., 2011).

3. Additionally, a third research question focuses on individual prerequisites of the
learners. That is, individual learner characteristics were investigated as possible
moderators for an implementation intention effect. Implementation intentions are
assumed to work particularly well when they address self-regulatory challenges. In
particular, the challenges for self-regulating multimedia learning were investigated to
see whether the appropriate implementation intention might compensate for low levels
of variables relating to the areas of self-regulation; these are knowledge about and use
of cognitive strategies (cognitive self-regulation), existing self-efficacy beliefs
(motivational self-regulation), and the amount of effort planned to invest in the learning

task (behavioral self-regulation).

In the experiments a control group without instructional support was compared with experimental
groups that got instructional support via implementation intentions. Implementation intentions
related to cognitive, motivational, and behavioral self-regulation. For cognitive self-regulation,
implementation intentions aimed at instructing adequate cognitive strategies for multimedia
learning. For motivational self-regulation, implementation intentions aimed at strengthening the
learners’ self-efficacy beliefs. For behavioral self-regulation, implementation intentions aimed at
increasing the effort learners were willing to invest in the learning task. All experiments followed
the same procedure. At first, all participants were asked to provide details on learner characteristics
such as their knowledge about cognitive strategies, self-efficacy beliefs, and the effort planned for
the learning task. In the experimental conditions, prior to learning, participants were instructed via
one or several implementation intentions that related to cognitive, motivational, or behavioral self-
regulation. Students in the control condition did not receive any support prior to learning. Then
they started with studying the multimedia message. The multimedia learning materials comprised
an expository text that was accompanied by appropriate schematic pictures. It explained how a tone
is produced in an upright piano. After studying the multimedia message the learning outcome of
all participants was assessed. The knowledge test included various verbal questions and pictorial

tasks that asked for comprehension or recall of the materials.
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In the first experiment the learning outcome of a control group without instructional support
was compared with the learning outcome from three experimental groups. The experimental groups
each got instructed with one implementation intention to either make use of a cognitive strategy
that was related to multimedia learning (cognitive self-regulation), to increase their self-efficacy
by positive self-talk (motivational self-regulation), or to increase the effort they were willing to
invest in the learning task (behavioral self-regulation). However, no effects of implementation
intentions were found.

The second experiment replicated the design of the first experiment but improved some
methodological features to set better conditions for an implementation intentions effect to occur.
In accordance with findings from de Vet et al. (2011), the situational cues were made more specific.
Furthermore, three implementation intentions were used per condition as this allowed to replicate
implementation intentions relating to cognitive learning strategies, which had already worked well
in a study on multimedia learning (Stalbovs et al., 2015). Thus, again a control group was compared
with three experimental groups with implementation intentions relating to cognition, motivation,
or behavior. It was found that implementation intentions relating to cognition and behavior
improved learning, whereas motivational implementation intentions seemed to even hamper
learning. The third and fourth experiment followed up on those results.

In the third experiment a control group was compared with two experimental groups
receiving implementation intentions, both relating to motivation. Motivational self-regulation
might be particularly problematic when working on the test. When solving the test items it is
explicitly pointed out whether learning was successful and, thus, it might interfere with existing
self-efficacy beliefs. Motivation, operationalized by strengthening learners’ self-efficacy beliefs,
was, thus, either related to learning or working on the test. However, neither positive nor negative
effects of implementation intentions could be observed.

The fourth experiment sought to replicate the positive effect of cognitive and behavioral
implementation intentions on learning outcomes from Experiment 2. Moreover, it was investigated
whether support of several areas of self-regulation might add up and further improve learning
performance. Thus, a control group was compared with three implementation intention groups
receiving either cognitive or behavioral implementation intentions, or a combination of both.

However, the effect of cognitive and behavioral implementation intentions could not be replicated,
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and neither was a combination of cognitive and behavioral implementation intentions particularly

helpful for learning.
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6 Experimentl

The first experiment investigated whether implementation intentions relating to cognitive,
motivational, or behavioral self-regulation improve learning in a multimedia learning environment.
Of particular interest was whether these implementation intentions differ in their effectiveness.
Additionally, learning time and how accurate learners judge their learning was measured to
ascertain how implementation intentions affect learning. Furthermore, it was examined how learner
characteristics influence the effectiveness of implementation intentions. In particular,
characteristics that jeopardize an appropriate regulation of cognition, motivation, and behavior
were assessed; those were knowledge about multimedia-specific cognitive strategies, pre-existing

self-efficacy beliefs, and the effort learners plan to invest in learning, respectively.

6.1 Hypotheses

It was assumed that implementation intentions support self-regulation in multimedia learning and
thus increase the learning outcome. Therefore, all implementation intention groups should
outperform the control group.

H1: The implementation intention groups show higher learning outcomes than the control

group.
Selecting and using appropriate cognitive strategies (cognitive self-regulation) was assumed to be
central for self-regulating learning, therefore the implementation intention relating to cognition was
expected to affect the learning outcome more strongly than those relating to motivation or behavior.
Furthermore, the cognitive implementation intention more specifically related to cognitive
mechanisms, whereby specificity is known to increase an effect of implementation intentions (de
Vet et al., 2011). As motivational and behavioral implementation intentions related to more
unspecific processes of self-regulated learning no differences regarding learning outcome were
expected between these groups.

H2: The cognitive implementation intention yields higher learning outcomes than the

motivational and behavioral implementation intention groups which do not differ from each

other.
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Beyond learning outcome, learning time, judgments of learning, and judgments of performance
were assessed. An increase in effort and temporal engagement from behavioral implementation
intentions should be reflected in an increase in learning time (Vollmeyer & Rheinberg, 2013).

H3: Implementation intentions relating to behavioral self-regulation increase learning time

compared with the other groups.
Judgments of learning were assessed to test for metacognitive accuracy during learning. The
metacognitive accuracy of the control group could, thus, indicate which self-regulatory problem,
that is, over- or underestimation of learning, would be more pronounced. Implementation intentions
relating to motivation and behavior both addressed issues which are grounded in an inadequate
metacognitive accuracy during learning. Motivational problems refer to learners being
overwhelmed by multimedia materials, which might lead them to underestimate their actual
learning performance. In contrast, behavioral problems refer to learners being underwhelmed by
multimedia materials due to relying on a multimedia heuristic which might lead them to
overestimate their actual learning performance. The motivational and behavioral implementation
intention should, thus, increase or decrease the judgments of learning, respectively. It was assumed
that implementation intentions that foster motivation should boost self-efficacy and therefore,
increase the judgments of learning compared with the control group. Implementation intentions
relating to behavior were assumed to increase the effort in learning, reduce the influence of a
multimedia heuristic, and thus decrease the judgments of learning compared with the control group.

H4a: Implementation intentions relating to motivational self-regulation increase judgments

of learning compared with the control group.

H4b: Implementation intentions relating to behavioral self-regulation decrease judgments

of learning compared with the control group.
Furthermore, judgments of performance were assessed, that is, metacognitive accuracy for the test.
Implementation intentions only addressed the study phase and should thus only evoke differences
for metacognitive accuracy during learning. During the test, participants encountered new
reference points on which they could base their judgments of performance. Therefore,
implementation intentions were not expected to affect judgments of performance; rather, they were
assessed in order to make sure that any differences found regarding judgments of learning would
be specific to the intervention related to the learning process.

H5: Groups do not differ in the judgments that learners give on their test performance.
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Additionally, learner characteristics were analyzed exploratively for their possible interactions with
implementation intention effects on the learning outcome. In particular, knowledge about
multimedia-specific cognitive strategies, academic self-efficacy beliefs, and planned effort were
assessed as they refer to the areas of self-regulated learning that were addressed by the three
implementation intentions. One might expect that implementation intentions would compensate for
low levels of these learner characteristics, whereby learners having problems with cognition,
motivation, and/or behavior should only benefit from the implementation intention relating to the
respective problem they have. For example, learners holding low self-efficacy beliefs should
particularly benefit from the implementation intention relating to motivation. On the other hand,
learners with high levels of these characteristics might not have problems in the specified areas of
self-regulated learning, which is why they might not profit from an intervention relating to
cognition, motivation, or behavior.

H6 — explorative: Individual differences in learner characteristics moderate an effect of

implementation intentions on learning outcome.

6.2 Methods
6.2.1 Participants and design

Participants were undergraduate students of a southwestern German university. Students with a
major in physics or music were not allowed to participate in the experiment due to content-related
closeness to the learning material (mechanical explanation of a musical instrument). One
participant who was studying physics as well as two participants who did not follow instructions
on implementation intentions (i.e., they did not copy the pre-phrased implementation intention
properly) were excluded from the analyses, which left a sample of 119 participants (102 female;
Mage = 22.72 years, SD = 2.94). A post-hoc power analysis with the program GPower (Erdfelder,
Faul, & Buchner, 1996) was conducted based on an alpha-level of a = .05, the sample size of N =
119, and the effect size of f = .325 taken from the implementation intention meta-analysis (in the
meta-analysis reported as d = .65: Gollwitzer & Sheeran, 2006). The statistical power with the
given sample was 0.845 and, thus, the experiment had sufficient power to detect an effect of
implementation intentions. Participants received 10 Euros for participation or course credits. They

were randomly assigned to one of four conditions: three experimental conditions who received an
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implementation intention that was related to either cognition, motivation, or behavior, or a control

group, which received no instructional support via implementation intentions.
6.2.2 Instructional materials

In the study phase the way a piano mechanism works was explained in a computer-based
multimedia message (Figure 5). The message covered how a tone is produced in an upright piano
when someone presses a key and how the mechanism returns to its starting position when the key
is released again. There are two coordinated causal chains of components that can be distinguished
in the mechanism. They move in parallel with multiple components interacting. The multimedia
material was presented in 9 pages. Each of the pages contained text on the left half and a
corresponding picture on the right half of the page that showed different states of the mechanism.
Text and picture information were complementary and both were necessary for comprehension.
The pictures in the form of an animation, as well as a verbal comprehension test and the open recall
question have already been used in other studies (Boucheix & Lowe, 2010; Boucheix, Lowe, &
Bugaiska, 2015; Boucheix, Lowe, Putri, & Groff, 2013; Lowe & Boucheix, 2011; Lowe &
Boucheix, 2016).

Beginning of the movement

The pianist presses the key, whereby
the end of the key raises. On the end

of the key is the key sticker, and on it ’
lies the whippen. The key sticker

moves the whippen upwards in a tilting
motion. As a result, the jack presses

against the hammer butt. The hammer xn /
butt is the rotating joint of the hammer; l

it moves the hammer towards the
string.

Figure 5. Screenshot from one page of the multimedia learning material (a German version was

used in the experiment).
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6.2.3 Measures

6.2.3.1 Control variables

Learner characteristics, in particular academic self-efficacy beliefs, planned effort and knowledge
about multimedia-specific cognitive strategies were assessed as control variables to ensure that
groups did not differ on those characteristics before manipulation. Furthermore, they were tested
as possible moderators for an effect of implementation intentions. In a questionnaire, participants
were asked to rate their self-efficacy beliefs (11 items, e.g., ‘I think I am up to the difficulty of this
task.’, Cronbachs o = .876) and the effort they planned to invest in the learning task (4 items, e.g.,
‘I am really going to try as hard as I can on this task.’, Cronbachs a = .955) both on a scale from 1
disagree to 7 agree. The items were adopted from validated questionnaires but some words were
adapted to fit the university context (ASKU: Beierlein, Kemper, Kovaleva, & Rammstedt, 2013;
PISA: Kunter et al., 2002; FAM: Vollmeyer & Rheinberg, 2006). Means were calculated separately
for self-efficacy beliefs and planned effort for each participant. Knowledge about multimedia-
specific cognitive strategies was assessed with a list of 24 efficient and inefficient strategies in
multimedia learning (e.g., ‘I look at the picture to check my understanding of the text.’), from
which participants chose which strategies they normally use when learning with text and pictures
(adapted from Scheiter et al., 2015). Only strategies that address integration of text and picture
information were analyzed, as this was the strategy addressed by the cognitive implementation
intention that was used in the experiment. Furthermore, interconnecting verbal and pictorial
information is assumed to be an efficient and central process in multimedia learning (Mayer, 2009,
2014a; Schnotz, 2014; Schnotz & Bannert, 2003). The number of efficient multimedia cognitive

strategies was added up for each participant with a maximum of 6 efficient strategies.

6.2.3.2  Learning outcome

Verbal comprehension, open recall, and pictorial recall were assessed to test for successful
learning. The verbal comprehension test and the open recall question were adapted from Boucheix
and Lowe (2010), as well as from Lowe and Boucheix (2011). The verbal comprehension test
contained 23 verification items (max. 23 points; 1 point for each correct item), which referred to
either the configuration of the piano elements (7 items) or the local kinematics (16 items) of the
system. For each statement, participants judged whether it was true or false. The open recall test
asked for the overall functional mental model of the piano. Participants were asked to write down
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everything they remembered about what happens inside a piano when a key is pressed. Points were
given for every correctly remembered aspect (max. 24.5 points), whereas points were deduced for
wrong descriptions. No points were given or deduced for omissions. In the pictorial recall test
(max. 23.5 points) participants were instructed to name all elements, draw a missing part of the
system (Figure 6), and sort pictures of the piano mechanism in the right order. Open recall and
pictorial recall items from 20% of the participants were coded by two independent raters with good
interrater reliability (Cohens k = .854). Learning outcome was computed across all three tests and

translated into percentage of total score (max. 71 points, Cronbachs o = .882).

Figure 6. One example of the pictorial test items where participants had to draw a missing part of

the piano mechanism.

6.2.3.3  Metacognitive judgments

Participants were asked to indicate their level of understanding twice throughout the experiment
(Bjork et al., 2013; Nelson & Narens, 1990). They were asked to judge their learning in terms of
the expected percentage correct on an upcoming test (judgments of learning, from 0 to 100) and to
later judge their performance in the actually taken test (judgments of performance, from 0 to 100).
The accuracy of the participants’ judgments was calculated as the discrepancy between their

judgments and their actual learning outcome as an indicator of metacognitive accuracy (de Bruin
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& van Gog, 2012; Nelson, 1996). It was calculated by subtracting the percentage correct of learning
outcome from the judgments. Therefore, 0 points indicate perfect estimation, whereas positive
values show an overestimation and negative values show an underestimation of one’s own learning.
Accuracy of participants’ judgments of performance was calculated as discrepancy only from the
proportional scoring in the verbal comprehension test (which was corrected for guessing
probability) because the judgments of performance only referred to this part of the knowledge test

(see procedure).
6.2.4 Procedure

Participants were tested in groups of up to 7 individuals. They were working at separate workspaces
in the same room, but no interaction was allowed between participants. The sessions lasted about
60 to 75 minutes. The participants first answered questions on demographic data (age, sex, subject
of studies, instruments they play) and filled in the questionnaires on learner characteristics (self-
efficacy beliefs, planned effort, and knowledge about multimedia-specific cognitive strategies).
Then, participants in the experimental groups were introduced to implementation intentions as a
tool that may help them to translate intentions into actions to reach a specific goal. They were asked
to have the goal of making optimal use of the learning material with the help of the respective
implementation intention. Furthermore, participants were asked to mentally imagine how they
realize the implementation intention in the study phase. This instruction was adopted from Stalbovs
et al. (2015) and reads as follows (translated from German):

Have you ever experienced that you had built a strong intention to do something, but

did not do it after all? This happens to almost everyone from time to time! However,

there is something that can help you in such cases. Implementation intentions are

concrete ‘if-then’ plans that should help you to translate an intention (e.g. “I want to

go to the gym!”) into an action. In the case of implementation intentions, you connect

a condition under which you want to realize the action with this action.

Example: “If I come home from work on Friday, then I will take my gym bag and go

to the gym!”

In this experiment, we ask you to learn with the goal and the intention to make optimal

use of the learning material. Implementation intentions can help you to make the best

use of the learning material.
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Therefore, please copy the following implementation intention three times and imagine

thereby, how you will realize this implementation intention afterwards in the study

phase. It is important that you really want to realize the implementation intention.
Next, the participants wrote down their group’s specific pre-phrased implementation intention three
times (see Table 2 for exact wording of implementation intentions). This procedure was adopted
from previous studies (cf. for similar procedures e.g., Achtziger et al., 2008; Gollwitzer, Schworer,
Stern, Gollwitzer, & Bargh, 2017; Stalbovs, et al., 2015). The cognitive implementation intention
related to building referential connections between text and picture information, thus, supporting
integration of information from both representations which is considered an efficient multimedia-
specific cognitive strategy. The motivational implementation intention aimed at strengthening self-
efficacy beliefs via positive self-talk. The behavioral implementation intention related to increasing
the effort learners were willing to invest in learning, which was operationalized as increasing

concentration on the multimedia representation.

Table 2

Implementation Intention Instruction as a Function of Condition in Experiment 1.

n Implementation Intention

Cognition 30 If | start a new page, then I will search the picture for the contents

described in the text.

Motivation 28 If | start a new page, then | will tell myself: I can learn it!
Behavior 31 If | start a new page, then | will particularly concentrate on the content
presented.

Note: Control group (n = 30) did not get instructed with implementation intentions. The
cognitive implementation intention was adapted from Stalbovs et al. (2015). The motivational

implementation intention was adapted from Bayer and Gollwitzer (2007).

All implementation intention groups used the same if-part (‘If I start a new page...”), since an effect
on learning outcome could then be traced back to the varying action in the then-part only.
Participants in the control group proceeded to the learning material without any instruction on
implementation intentions. Then, the learning material was presented on laptops and participants

could determine learning time on their own. Learners could move forward in the material by
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clicking a ‘continue’ button, but were not able to go back to previously learned pages. After the
study phase, participants were asked to judge their learning in terms of their expected performance
on a knowledge test about the piano mechanism (judgment of learning). After answering the
verification items, participants estimated their performance on this just taken verbal comprehension
test (judgment of performance). Then, participants worked on the open recall question and the
pictorial recall test (both paper-pencil tests). At the end participants from the experimental groups
were asked to write down the implementation intention they had been instructed with to check if

they still remembered it.

6.3 Results

Means and standard deviations of all control variables and dependent measures are summarized in
Table 3.

6.3.1 Control variables and manipulation check

Analyses of variance (ANOVAs) were conducted to test whether groups differed in learner
characteristics. There were no significant differences between conditions in knowledge about
multimedia strategies, F(3, 115) = 1.80, p = .150, np? = .04, or self-efficacy beliefs, F(3, 115) =
0.52, p = .670, 0> = .01. However, despite randomization there was a significant difference
between groups with regard to the effort they planned to invest in the learning task, F(3, 115) =
2.73, p=.047,np? = .07. Bonferroni-adjusted post-hoc comparisons showed that participants in the
control group planned to invest more effort into the learning task than participants who received a
cognitive implementation intention, p = .045. The other groups did not differ significantly from
each other, all ps > .1. Including planned effort as a covariate or eliminating group differences by
excluding outliers did not change the pattern of results. Thus, planned effort was not added as a
covariate to keep analyses simple and all participants were kept in the sample to maintain statistical

power.

Table 3
Means and Standard Deviations of Control Variables and Dependent Measures for the

Control Group and the Implementation Intention Groups (Il) in Experiment 1.

Control Group 1l Cognition 11 Motivation I1 Behavior
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Knowledge about 413 (1.46) 4.00 (1.68) 4.79 (1.03) 4.26 (1.21)
multimedia strategies (0-6)

Self-efficacy beliefs (1-7) 528 (0.89) 5.03 (0.90) 5.06 (0.84) 5.18 (0.72)
Planned effort (1-7) 6.14 (0.76) 543 (1.41) 597 (1.04) 592 (0.73)
Learning outcome (%) 52.44 (11.17) 51.13(14.10) 52.99 (16.09) 51.09 (12.64)
Learning time (min) 6.88 (3.81) 7.33 (3.78) 7.23 (3.47) 5.87 (1.90)
Judgment of learning 66.33 (21.41) 56.67 (22.64) 66.07 (26.71) 59.68 (23.02)
(0-100)

Accuracy JoL 13.89 (18.01) 5.54 (16.58) 13.08 (17.94) 8.59 (19.08)
Judgment of performance 50.33 (22.51) 43.00 (24.66) 48.57 (28.64) 40.97 (24.95)
(0-100)

Accuracy JoP 25.41 (26.36) 15.46 (24.81) 20.31(25.38)  9.97 (24.49)

Note: Accuracy of judgments of learning (JoL) and judgments of performance (JoP) is given as
discrepancy between participants’ judgments and scored performance of the learning outcome,
whereby 0 points indicate perfect estimation, positive values indicate overestimation, and
negative values indicate underestimation. It should be noted that the accuracy for judgments of

performance only relates to performance in the verbal comprehension test.

At the end of the experiment participants in the implementation intention groups were asked to
remember and write down the implementation intention that they had internalized before
(manipulation check). Fisher’s exact tests showed that there were no differences between
implementation intention groups in the number of participants who did not remember the content
of the implementation intention (n = 15), p = .465, or the if-then structure of the written down
implementation intention (n = 23), p = 1, or even both (n = 9), p = .938. As implementation
intentions are supposed to work automatically without holding them actively in mind, memory of
wording would be a strong assumption for the effectivity of implementation intentions. Thus, all

of these participants were kept in the sample for the analyses.
6.3.2 Dependent measures

ANOVAs were calculated separately for each dependent measure to test for main effects of

implementation intentions.
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6.3.2.1 Learning outcome

Contrary to the hypothesis learning outcome did not differ between conditions, F(3, 115) =0.15, p
=932, np? = .004. Thus, none of the implementation intention groups outperformed the control
group (contradicting H1), and the implementation intention groups did not differ from each other

(partly confirming H2).

6.3.2.2  Learning time

There was no significant main effect of implementation intentions on learning time, F(3, 115) =
1.23, p = .301, np? = .03. Contradicting the expectations, learning times did not increase for

participants of the behavior group compared with the other groups (H3).

6.3.2.3  Metacognitive judgments

Judgments of learning, F(3, 115) = 1.24, p = .299, n,®> = .03, did not differ as a function of
implementation intention group. Thus, other than expected the motivation group and the behavior
group did not differ from the control group regarding judgments of learning (contradicting H4a and
H4b, respectively). There were no group differences regarding judgments of performance, F(3,
115) = 0.94, p = .425, np? = .02, which is in line with predictions (confirming H5).

In general, participants tended to overestimate their learning, which speaks in favor of
learners relying on a multimedia heuristic and, thus, having more problems in the behavioral area
of self-regulated learning. This was reflected in the accuracy for judgments of learning being
significantly larger than 0, t(118) = 6.18, p <.001, d = 1.14. This was also true when looking at the
accuracy for judgments of learning in each group separately, control group: t(29) = 4.23, p <.001,
d = 1.57, cognition: t(29) = 1.83, p = .039, d = 0.68, motivation: t(27) = 3.86, p <.001, d = 1.49,
behavior: t(30) = 2.51, p =.009, d = 0.92. Accuracy for judgments of learning did not differ among
conditions, F(3, 115) = 1.42, p = .240, n,> = .04.

In general, participants also tended to overestimate their performance, which was reflected
in the accuracy for judgments of performance being significantly larger than 0, t(118) = 7.53, p <
.001, d = 1.39. This was also true when looking at the accuracy for judgments of performance in
each group separately, control group: t(29) = 5.28, p <.001, d = 1.96, cognition: t(29) = 3.41, p <
.001, d = 1.27, motivation: t(27) = 4.23, p <.001, d = 1.63, behavior: t(30) = 2.27, p = .015, d =
0.83. Accuracy for judgments of performance did not differ among conditions, F(3, 115) = 2.08, p
=.107, np? = .05.
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6.3.2.4  Moderating role of learner characteristics

Regression analyses were conducted to test whether learner characteristics (knowledge about
multimedia-specific cognitive strategies, self-efficacy beliefs, and planned effort) would moderate
a possible effect of implementation intentions on learning outcome (referring to H6 — explorative).
Separate regression analyses were run for each of the three learner characteristics. Regression
models always contained one of the learner characteristics, the implementation intention
conditions, and the two-way interaction as predictors. Implementation intention conditions were
dummy-coded with the control group as the baseline category. The continuous learner
characteristic variables were z-standardized.

Knowledge about multimedia-specific cognitive strategies, F(1, 111) = 2.06, p = .154, np?
= .02, and planned effort, F(1, 111) = 2.55, p = .113, np? = .02, were not predictive for learning
outcome and did not significantly interact with implementation intention conditions, both Fs < 1.
However, there was a positive effect of self-efficacy beliefs, F(1, 110) = 25.08, p <.001, np 2=.19,
as well as a significant interaction of self-efficacy beliefs with implementation intentions, F(3, 110)
=3.23, p=.025, np 2 = .08 (data of one participant were excluded for this regression analysis due
to a Cook’s distance > .10, indicating an overly strong influence on the regression models outcome,
Cook & Weisberg, 1980). The regression model (Table 4) explained about 20% of variance in the
data, F(7, 110) =5.12, p <.001, R2 = .197.

Table 4
Regression Model to Predict Learning Outcome (Percentage of Total Score) from Self-Efficacy

Beliefs and Implementation Intentions.

B SEp B
Intercept 50.704 2.289
Self-efficacy beliefs 5.517 2.255 0.411*
Il behavior 0.195 3.146 0.016
Il motivation 3.447 3.234 0.257
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Il cognition 0.581 3.184 0.490
Il behavior x self-efficacy beliefs 1.514 3.374 0.113
Il motivation x self-efficacy beliefs 4.849 3.186 0.409
Il cognition x self-efficacy beliefs -4.426 3.041 -0.330

Model: F(7, 110) =5.12, p <.001, R2 = .197

“p<.001

Note: Control group functions as baseline category. Implementation intention is abbreviated by
‘1.

*p<.10,"p<.05 " p<.01,

To probe the interaction effect, a simple slopes analysis for low (-1 SD, light grey bars in Figure
7) and high (+1 SD, dark grey bars in Figure 7) values of the continuous variable self-efficacy
beliefs was conducted (see Aiken & West, 1991). There were no differences between conditions
for learners holding low self-efficacy beliefs, F(3, 110) = 1.07, p = .362, whereas the differences
between conditions for learners holding high self-efficacy beliefs were marginally significant, F(3,
110) = 2.37, p = .075. The other possible perspective on the interaction was also tested to see
whether implementation intentions differentially influenced the effect of self-efficacy beliefs.
Simple slopes analyses revealed that the relationship between self-efficacy beliefs and learning
outcome differed between groups. There was a significant positive effect of self-efficacy beliefs in
the control group, B =5.52, SE =2.26, B = 0.41, p = .016. This relationship was even stronger in
the groups with an implementation intention corresponding to behavior, B = 7.03, SE = 2.51, =
0.52, p = .006, and strongest in the group with an implementation intention corresponding to
motivation, B = 10.37, SE =2.25, = 0.77, p < .001. However, there was no relationship between
self-efficacy beliefs and learning outcome in the group with an implementation intention
corresponding to cognition, B = 1.09, SE =2.04, p = 0.08, p = .594.
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Figure 7. Learning outcome (percentage of correct answers) as a function of experimental
condition and self-efficacy beliefs (means at low and high levels of self-efficacy beliefs are

estimated based on the simple slope analyses at -1 SD and +1 SD, respectively)

6.4 Discussion

The aim of this experiment was to test the effects of implementation intentions on self-regulated
learning from multimedia material. The implementation intentions were designed to support areas
of self-regulated learning that could be problematic in multimedia learning. In particular, learners
might not use appropriate cognitive strategies and therefore process the learning materials
insufficiently (problem of cognition). Second, learners might hold only low self-efficacy beliefs as
a consequence of being overwhelmed by the complexity of multimedia materials (problem of
motivation). Third, learners might invest too little effort in information processing because they
rely on a multimedia heuristic which induces overconfidence in one’s level of understanding
(problem of behavior). Accordingly, different types of implementation intentions were designed
that tackled each of the potential self-regulatory problems separately. In the experiment, learners
were either instructed with one of three implementation intentions relating to cognition, motivation,
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or behavior, or they did not receive any instructional support prior to learning a multimedia
message. Implementation intentions were expected to support self-regulatory processes of
multimedia learning and, thereby, improving learning outcome in a subsequent test. In addition,
the most specific implementation intention (relating to cognition) was expected to be most effective
and, thus, to yield the highest test scores. Furthermore, implementation intentions were expected
to affect judgments of learning and learning time, representing self-regulatory processes in the
areas of motivation and behavior.

Contrary to these assumptions no effects of the implementation intentions relating to self-
regulation of cognition, motivation, or behavior on the learning outcome were found. Additionally,
neither learning time nor judgments of learning were influenced by the implementation intentions.
However, implementation intentions interacted with learners’ pre-existing self-efficacy beliefs.

At the core of this experiment is the argument that learners face various self-regulatory
problems when learning with multimedia material. Although there is a considerable amount of
empirical evidence for these problems in multimedia learning, it might be that in this experiment
there were no problems of self-regulation to begin with. In line with this, the scores of the control
variables (self-efficacy beliefs, planned effort, and knowledge about multimedia-specific cognitive
strategies) were all above the scale midpoint. However, the performance in the control group
suggests otherwise. Given that learning outcome in the control group was merely around 52%,
indicates that multimedia learning was challenging for the participants and that instructional
support was indeed needed to improve learning. In addition, independent of condition, learners
gave judgments of learning that exceeded test performance, suggesting that they slightly
overestimated their learning. This indicates that learners indeed might have had problems with the
behavioral area of self-regulated learning in that they applied the multimedia heuristic (Serra &
Dunlosky, 2010) when monitoring their level of understanding. Based on this overestimation, one
would expect implementation intentions relating to behavior to be helpful, since they require
learners to invest more effort even when they feel (over-)confident in their performance. On the
other hand, implementation intentions relating to motivation should hinder learning since they
would only increase overconfidence by boosting students’ self-efficacy beliefs. However, none of
the implementation intentions affected the learning outcome.

One possible explanation for the lack of significant effects of the implementation intentions

on judgments of learning, learning time, and especially learning outcome is that these findings
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resulted from methodological weaknesses of the experiment. For instance, at the time when
learners were instructed with the implementation intentions they knew the topic of the learning
material, but had not yet seen the learning environment itself. This might have made it difficult for
the learners to imagine the learning scenario and to internalize it as the situational cue for the
implementation intentions. Another issue relates to the particular if-part of the implementation
intentions. The if-part was the same in all experimental conditions to increase experimental control.
The specified situation (‘If I start a new page’) only occurred once on each page which means that
the action that was linked to the situation was only rarely triggered during learning. Furthermore,
the situation in fact occurred before and not during processing the content of the page. Accordingly,
the different actions specified in the then-part might have been triggered before but not during
learning the content of a certain page, which may explain why none of the implementation
intentions had an influence on the dependent variables. In addition, as specificity is known to
positively influence the effectiveness of implementation intentions (de Vet et al., 2011), the low
specificity of the implementation intentions might account for the missing implementation
intention effect in this experiment compared with other studies. The cognitive implementation
intention was adapted from Stalbovs et al. (2015), but could not replicate its positive effect.
However, Stalbovs et al. (2015) tied the cognitive strategies more specifically to the problematic
situation to facilitate cognitive processing (i.e., ‘If I have finished reading a page, then I will
carefully re-read all paragraphs’). In contrast, in this experiment, the situation referred to in the
implementation intentions did not explicitly address a particular self-regulatory challenge.
However, part of the effectiveness of implementation intentions result from addressing specific
and critical situations and tie them to helpful and goal-oriented behavior. It is possible that the
critical situations differ for cognitive, motivational, and behavioral self-regulation and hence, the
implementation intentions need to be formulated in a more specific way. As none of the three
different implementation intentions improved the learning outcome, the lacking specificity of the
shared situational cue plus its rare occurrence would be a plausible explanation for this finding.
Despite these unexpected results regarding the absent main effect of the implementation
intentions, an interesting finding of the present experiment is the interaction between learners’ self-
efficacy beliefs and the implementation intentions. There was a positive effect of self-efficacy
beliefs on learning outcome for all learners that disappeared when they were instructed with a

specific cognitive strategy. Berger and Karabenick (2011) explain the positive effect that results
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from high self-efficacy beliefs by assuming that high self-efficacy beliefs foster the use of more
elaborated strategies. Instructing high self-efficacious learners in the cognition group with one
multimedia-specific cognitive strategy then might have interfered with the more elaborated and
more adaptive strategies they might have used by themselves. Importantly, these findings regarding
the moderating role of pre-existing self-efficacy beliefs need to be interpreted with caution as the
analysis of the interaction was exploratory. Furthermore, the findings somewhat contradict the
results that were found in a previous study on self-efficacy as a moderator of an implementation
intentions effect (Wieber et al., 2010). In that study it was found that implementation intentions
only were effective in difficult tasks when self-efficacy was high. However, the mismatching
results across the experiments could be caused by differences in content of implementation
intentions or the task at hand. Thus, self-efficacy as a moderator of implementation intentions needs
to be further investigated and the effect has to be replicated before more definite conclusions can
be drawn.

Taken together, the results from the present experiment revealed that implementation
intentions relating to cognitive, motivational, and behavioral self-regulatory problems did not
improve learning outcome. However, the experiment contained several methodological
weaknesses. Further research is needed to resolve these weaknesses and to further investigate how
implementation intentions can be adjusted to help learners to overcome the self-regulatory

challenges — cognitive, motivational, and behavioral self-regulation — during multimedia learning.
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7 Experiment 2

Experiment 2 replicates the design of the first experiment, while addressing weaknesses that could
account for the lacking effect of implementation intentions. A pre-training task was included before
introducing the implementation intentions to familiarize learners with the type of learning material
they would later encounter, instead of only naming the topic. This should facilitate imagining how
the situation of the implementation intention is encountered and building the connection between
the situational cue and the behavioral response. Thus, implementation intentions were expected to
be more effective compared with Experiment 1. Furthermore, it should be ensured that the
implementation intentions and especially the situational cue were specific enough and suitable to
support multimedia learning. Thus, for the cognition condition the implementation intentions
relating to multimedia-specific cognitive strategies were adopted from Stalbovs et al. (2015), who
successfully used those to improve multimedia learning. In the most successful condition of that
study three implementation intentions were used to support multimedia-specific cognitive
strategies (whereas in Experiment 1 only one implementation intention was used per condition).
The implementation intentions of Stalbovs et al. were adopted for the cognition group and
implementation intentions for the other two conditions were created as similar as possible in terms
of the if-part, but altered the specified action of the then-part to relate the specified situation to
either motivational or behavioral self-regulation. Thus, the conditions were conceptually still the
same as in Experiment 1, but three implementation intentions with more specific situational cues
were used in each condition. Taking into consideration these changes, there was expected to be an
effect of self-regulatory implementation intentions on multimedia learning in Experiment 2.

Two more changes were made compared with Experiment 1. First, the questionnaire on
knowledge about multimedia-specific cognitive strategies was shifted to the end of the experiment.
Three efficient cognitive strategies on integration of text-picture-information were listed together
with three inefficient strategies for multimedia learning. Participants should indicate to what extent
they had used those strategies during the experiment. Thus, the questionnaire served as an indicator
whether the implementation intention was set into action. Waiving on the baseline measurement of
knowledge about multimedia-specific cognitive strategies was accepted as empirical evidence for
problems in cognitive self-regulation is strongest (e.g., Scheiter et al., 2017). Furthermore, it was
feared that presenting cognitive strategies before learning might trigger to use them throughout the
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experimental learning phase. Second, the judgments of learning and judgments of performance

were not assessed due to economic reasons.
7.1 Hypotheses

Like in the first experiment the main hypothesis was that implementation intentions improve
learning, and thus, the three experimental groups were expected to show higher learning outcomes
than the control group.
H1: The implementation intention groups show higher learning outcomes than the control
group.
Furthermore, the cognition group was expected to show the highest learning outcome, since
cognition is considered to be the most important area in the self-regulated learning framework
(Pintrich, 2000). The motivation and behavior groups were not expected to differ from each other
in terms of learning outcomes.
H2: The cognitive implementation intention group shows higher learning outcomes than
the motivational and behavioral implementation intention groups that do not differ from
each other.
In addition, it was hypothesized that the behavioral implementation intentions influence learning
time and that the cognitive implementation intentions influence the use of multimedia-specific
cognitive strategies. Since the participants in the behavior condition received implementation
intentions that addressed the effort that is put into learning, this group was expected to have the
longest learning times. The three other groups were not expected to differ in how much time they
spent with the materials.
H3: Implementation intentions relating to behavioral self-regulation increase learning time
compared with the other groups.
Participants in the cognition group received implementation intentions relating to multimedia-
specific cognitive strategies. Thus, the cognition group was expected to report a more frequent use
of such multimedia-specific cognitive strategies, which was assessed in a questionnaire at the end
of the experiment. The three other groups were not expected to differ in their use of multimedia-
specific cognitive strategies.
H4: Implementation intentions relating to cognitive self-regulation report a greater use of

the multimedia-specific cognitive strategies.
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Again, the moderating role of learner characteristics, that is self-efficacy beliefs and planned effort,
was investigated. The focus was on self-efficacy beliefs as a significant interaction of self-efficacy
beliefs and implementation intentions was found in the first experiment. Since results regarding
self-efficacy from Experiment 1 did not correspond to findings from previous experiments (Wieber
et al., 2010), the direction of the hypothesis was again left open.

H5 — explorative: Individual learner characteristics, in particular preexisting self-efficacy

beliefs, moderate an effect of implementation intentions on learning outcome.

7.2 Methods
7.2.1 Participants and design

Participants were again undergraduate students from the same university as in Experiment 1.
Because the same learning material was used (the mechanical explanation of an upright piano),
again students majoring in physics or music were not allowed to participate. Furthermore, data
from two participants were excluded from the analysis because they failed to follow the
implementation intention instruction (i.e., they did not copy the pre-phrased implementation
intentions properly). The remaining sample were 130 participants (90 female) aged 18 to 34 years
(M =22.87 years, SD = 3.51). They received course credit or were paid 10 Euros for participation.
Participants were randomly assigned to a control group without implementation intentions or to
one of the three experimental groups with implementation intentions that were either related to
cognitive, motivational, or behavioral self-regulation in multimedia learning. Statistical power was
calculated analogous to Experiment 1. Based on an alpha level of a = .05, the sample size of N =

130, and the effect size of f = .325, the statistical power in Experiment 2 was 0.879.
7.2.2 Instructional materials

In the learning material again the functionality of a piano mechanism was explained. It was
explained what happens inside a piano, how a tone is produced when a key of the piano is pressed
and released again. The materials were a slightly revised version from those used in Experiment 1.
Mainly the page that named all the components of the mechanism was omitted as the participants
were already given a labeled picture of the piano mechanism in the pre-training task before entering

the study phase. The contents were presented on eight pages presenting text on the left half of the
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page and a corresponding picture on the right half of the page. Information from text and pictures

were complementary, thus, both representations were needed to fully understand the mechanism.

7.2.3 Measures

7.23.1 Control variables

In a pre-training task participants studied a labeled picture of the piano mechanism (Figure 8) and
then were instructed to label an unlabeled version of the picture. One point could be scored for
each of the 12 labels (Cronbach’s a =.799).

string

hammer

hammer-butt
balance

B — backcheck

|

f

keysticker

|

white circles indicate pivots

Figure 8. Labeled picture of the piano mechanism that was used for pre-training (translated from

German)

Furthermore, learner characteristics (academic self-efficacy beliefs and planned effort) were
assessed as control variables and possible moderators for an effect of implementation intentions.
Academic self-efficacy beliefs (Cronbach’s a = .920) and the effort participants planned to invest
in the learning task (Cronbach’s a = .920) were measured with the same questionnaire as in
Experiment 1. Items were again rated on a 7-point scale, from 1 disagree to 7 agree, and were then

averaged for self-efficacy and planned effort separately.
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7.2.3.2 Learning outcome

In order to measure learning outcome, the open recall question, the verbal comprehension task, and
the pictorial recall tasks from Experiment 1 were used again. Learning outcome was computed of
open recall, verbal comprehension, and pictorial recall, as the total score (max. 71 points) converted
to percentages (Cronbach’s a = .886). For 20% of the sample open recall and pictorial recall items

were coded by two independent raters who achieved good agreement (Cohen’s k = .837).

7.2.3.3  Use of multimedia-specific cognitive strategies

To assess which multimedia-specific cognitive strategies participants had used during the
experiment, six cognitive strategies were listed (e.g., ‘I searched for corresponding contents in text
and picture.’) and participants indicated to what extent they had used these strategies throughout
the study phase on a scale from 1 infrequently to 7 frequently (Cronbach’s o= .718). Three of the
strategies related to the integration of text-picture-information. The remaining three strategies were
inefficient for learning and were therefore reverse coded for the analyses. Thus, high values on this
variable indicate a competent use of cognitive strategies. Additionally, there was a blank space for
participants to add any personal strategy they had used. Since only few participants used the space
and most answers repeated one of the above listed strategies, this personal strategy was not
analyzed. The strategies were adapted from the questionnaire that listed efficient and inefficient

strategies for multimedia learning which was used in Experiment 1.
7.2.4 Procedure

The procedure was similar to the procedure of Experiment 1. Data collection took place in
groups up to 8 participants simultaneously, whereby participants worked individually on computers
at separated workspaces, but were not allowed to interact with each other. After participants had
signed an informed consent, they answered some questions on demographic data and were
informed about the upcoming learning task. For the pre-training, participants were asked to
memorize the twelve labels of the piano mechanism. Their ability to remember the labels was tested
immediately afterwards with a picture of the unlabeled piano mechanism. This pre-training was
done to familiarize participants with the learning environment to make it easier for them to imagine
the learning situation (if-part) as a prerequisite for properly internalizing the implementation
intentions. After the pre-training, participants continued on the computer and filled in the

questionnaire on self-efficacy beliefs and the effort they planned to invest in the learning task. In
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the experimental groups, implementation intentions were then introduced as a useful tool to
translate plans into action. Participants were instructed to learn with the goal of fully understanding
the materials with the help of the pre-phrased implementation intentions relating to cognition,
motivation, or behavior. The instruction was adopted from Experiment 1, but different
implementation intentions were used (see Table 5 for exact wording). In each experimental
condition participants were instructed with three implementation intentions that related to
processing the picture, processing the text, and processing both representations together. The
instruction was to imagine how the specified situations of the implementation intentions occur and
how the respective behavior is then carried out. The cognition group received implementation
intentions that related to the more frequent use of multimedia-specific cognitive strategies. The
motivation group was instructed with implementation intentions that related to increasing self-
efficacy. The behavior group received implementation intentions that related to increasing the
amount of effort that participants put into learning. To ensure that the implementation intentions
were internalized, students were instructed to copy each of them twice. Participants in the control
group did not get any instruction with implementation intentions, but directly continued with
learning the multimedia message. Right after learning, participants continued with the knowledge
test, which included the open recall task and the verbal comprehension items on the computer, as
well as the pictorial recall tasks on paper. Participants from the experimental conditions were then
asked to remember and write down the wording of the three implementation intentions they had
gotten before learning. Afterwards, all participants filled in the paper-based questionnaire on their
use of multimedia-specific cognitive strategies. Finally, they were debriefed, remunerated and

thanked for participation. The entire experiment lasted about 60 to 75 minutes.

Table 5

Implementation Intention Instruction as a Function of Condition in Experiment 2.

Condition n Implementation Intentions

Control Group 32 No instruction via implementation intentions.
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Cognition 32 If am looking at a picture, then I will search for its central elements with
regard to content!
If 1 am reading a paragraph, then I will search for its central elements with
regard to content!
If | have read a paragraph, then I will search the picture for the contents
described therein!*

Motivation 32 If I open a new page, then I tell myself: I am able to learn it!
If I am looking at a picture, then I will tell myself: | am able to understand
the pictorial contents!
If 1 am reading a paragraph, then 1 will tell myself: | am able to understand
the textual contents!

Behavior 34 If | open a new page, then I will particularly concentrate to understand
the contents!
If 1 am looking at a picture, then | will particularly concentrate to
understand the contents presented in the picture!*
If 1 am reading a paragraph, then | will particularly concentrate to
understand the contents presented in the text!*

Note: Implementation intentions marked with an asterisk were used for a combined condition
(mix) in Experiment 4.

7.3 Results

Descriptive values of all control variables and dependent measures are displayed in Table 6. Two
participants failed to complete parts of the paper-based knowledge test, the manipulation check, as
well as the questionnaire on the use of multimedia-specific cognitive strategies. Their missing

values were replaced by the respective group means (Downey & King, 1998; Wilks, 1932).

Table 6
Means and Standard Deviations of Control Variables and Dependent Measures for the

Control Group and the Implementation Intention Groups (I1) in Experiment 2.

Control Group Il Cognition Il Motivation 1l Behavior
Pre-training (0-12) 8.70 (249) 9.67 (2.22) 8.03 (3.39) 884 (2.71)
Self-efficacy beliefs (1-7) 522 (1.10) 5.26 (0.87) 4.87 (1.16) 4.86 (0.94)
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Planned effort (1-7) 6.09 (0.74) 6.03 (0.81) 5.70 (1.24) 6.10 (0.79)
Learning outcome (%) 57.64 (13.50) 64.37 (13.05) 53.85(12.76) 60.98 (14.34)
Learning time (min) 497 (1.74) 494 (1.67) 509 (2.35) 6.34 (2.86)

Use of multimedia-specific 555 (1.05) 6.13 (0.74) 5.70 (1.09) 5.65 (0.83)

cognitive strategies (1-7)

7.3.1 Control variables and manipulation check

Groups did not differ from each other in their pre-training scores, F(3, 126) = 1.94, p =.127, wW? =
.04, their self-efficacy beliefs, F(3, 126) = 1.44, p = .235, n? = .03, or the effort they planned to
invest in the learning task, F(3, 126) = 1.33, p = .266, n? = .03. At the end of the experiment only
9 participants (2 cognition, 3 motivation, 4 behavior) remembered none of the three implementation
intentions. Groups did not differ in the number of implementation intentions that they remembered
correctly in terms of the content and the if-then structure, F(2, 95) = 1.78, p =.174, > = .04. None
of those participants was excluded from the analyses.

7.3.2 Dependent measures

Analyses of variance (ANOVAs) were conducted to test whether groups differed regarding the
dependent measures. Following up on the recommendation of the APA Task Force on Statistical
Inference (Wilkinson & Task Force on Statistical Inference, 1999) planned contrasts were used to
more parsimoniously and directly test the hypotheses (Abelson & Prentice, 1997; Furr &
Rosenthal, 2003). This method allows testing whether a specific hypothesized pattern which is
described in a focal contrast fits the data, or whether several residual contrasts make a better fit.
For k = 4 groups, three orthogonal contrasts (k — 1) had to be defined to use all the degrees of
freedom: one focal contrast and two residual contrasts (Rosenthal, Rosnow, & Rubin, 2000). The
three contrasts were entered simultaneously into the ANOVA. The hypothesized data pattern of
group differences is considered to best explain the data when the focal contrast is significant while
the residual contrasts are not. The residual contrasts were tested together as a set, which is a more
conservative test of the assumption that they do not explain a significant amount of variance in the
data (cf. Niedenthal, Brauer, Robin, & Innes-Ker, 2002).
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7.3.2.1 Learning outcome

There was a significant main effect of implementation intentions for learning outcome, F(3, 126)
=3.61, p = .015, n? = .08. The hypothesized pattern — the control group showing the lowest test
score, the motivation and the behavior condition having medium test scores, and the cognition
condition showing the highest test score — was tested in a focal contrast (FC: control group -1 /
cognition 1 / motivation 0 / behavior 0) against two orthogonal residual contrasts (RC1: control
group 1 / cognition 1 / motivation -3 / behavior 1 and RC2: control group 1 / cognition 1 /
motivation 0 / behavior -2). Although the focal contrast was significant, indicating that the
hypothesized pattern fits the data, F(1, 126) = 4.02, p = .047, n? = .03, the residual contrasts also
explained a significant part of variance in learning outcome, F(1, 126) = 6.82, p =.010, n = .05.
Thus, the focal contrast alone did not describe the data sufficiently. Additional analyses for the two
residual contrasts separately showed that residual contrast 1 significantly explained parts of the
data, F(1, 126) = 6.81, p = .011, n? = .05, describing a pattern with the motivation group having
the lowest test score. Residual contrast 2 was not significant, F < 1. Descriptively, the cognition
group showed the highest test scores, followed by the behavior group and the control group,
supporting the hypothesis (partly confirming H1 and H2). However, other than expected, the
motivation group had the lowest tests scores, which is reflected in the significant residual contrast

(partly contradicting H1 and H2).

7.3.2.2 Learning time

The main effect of implementation intentions on learning time was significant, F(3, 126) = 3.07, p
=.030, n? =.07. It was assumed that learners in the behavior condition would invest more effort in
the learning task than the other groups, which should be reflected in longer learning times. This
pattern, described in a focal contrast (FC: control group -1 / cognition -1 / motivation -1 / behavior
3), was significant, F(1, 126) = 9.14, p = .003, n? = .07, while the two residual contrasts (RC1:
control group -1 / cognition -1 / motivation 2 / behavior 0 and RC2: control group -1 / cognition 1
/ motivation 0 / behavior 0) were not significant, F < 1. Thus, the hypothesis that the behavior
group compared with all other groups would spend more time learning was confirmed (confirming
H3).
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7.3.2.3  Use of multimedia-specific cognitive strategies

An ANOVA revealed a marginally significant implementation intentions effect for the use of
multimedia-specific cognitive strategies, F(3, 126) = 2.41, p = .070, n? = .05. The hypothesis was
that learners in the cognition group would report a higher use of effective multimedia-specific
cognitive strategies than all the other groups. The focal contrast (FC: control group -1 / cognition
3 / motivation -1 / behavior -1) describing the hypothesized pattern was significant, F(1, 126) =
6.78, p = .010, n? = .05, while the two residual contrasts (RC1: control group -1 / cognition 0 /
motivation 2 / behavior -1 and RC2: control group -1 / cognition 0 / motivation 0 / behavior 1)
were not significant, F < 1, indicating that the cognition group indeed reported to have used the

multimedia-specific cognitive strategies more frequently than the other groups (confirming H4).

7.3.2.4  Moderating role of learner characteristics

Again separate regression analyses were conducted for the two learner characteristics (self-efficacy
beliefs and planned effort) to test whether those would moderate the effect of implementation
intentions on learning outcome (exploratively testing H5). Regression models contained one of the
learner characteristics, the implementation intention conditions, and the two-way interaction as
predictors.

Planned effort, F(1, 122) = 15.82, p <.001, np? = .09, positively predicted learning outcome,
but did not significantly interact with implementation intention conditions, F(3, 122) = 1.43, p =
238, np? = .03. There was a positive effect of self-efficacy beliefs on learning outcome, F(1, 119)
=37.09, p <.001, np? =.23; however, the interaction of self-efficacy beliefs with implementation
intentions from Experiment 1 was not replicated, F(3, 119) = 2.01, p =.116, np? = .05 (data of three

participants were excluded due to a Cook’s distance > .10).

7.4 Discussion

Like in the first experiment it was investigated whether supporting self-regulatory processes in
multimedia learning via implementation intentions improves learning outcome. However, in
Experiment 1 none of the implementation intentions affected learning outcome which was
suggested to be due to methodological weaknesses. Thus, some changes were made to overcome
those shortcomings and make the implementation intentions more effective in Experiment 2. First,

a pre-training task was included before receiving the implementation intentions to familiarize
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participants with the learning content and, thus, facilitate to internalize the implementation
intentions. Second, three more specific implementation intentions were used in every condition
that either related to self-regulation of cognition, motivation, or behavior, replicating the design of
Experiment 1. The results showed that in line with the assumptions, instructing learners with
cognitive or behavioral implementation intentions increased learning outcome compared with a
control group, whereas the cognition group had the highest test score. Furthermore, confirming the
hypotheses the behavioral implementation intentions increased learning time and the cognitive
implementation intentions increased the frequency of using multimedia-specific cognitive
strategies. However, unexpectedly, motivational implementation intentions seemed to hamper
learning, with the motivation group showing the lowest test scores. Additionally, learner
characteristics were not found to moderate the effect of implementation intentions on learning
outcome. As those results were fragile and in parts unexpected, two more experiments were
conducted to consolidate and follow up on the results from Experiment 2.

First, the effect that motivational implementation intentions hampered the learning outcome
was rather unexpected. This effect of motivational implementation intentions should be explored
in more detail. One explanation for their negative effects could be that fostering self-efficacy in a
learning situation that is perceived as easy (Serra & Dunlosky, 2010) may lead learners to become
overly confident with regards to their learning. Overconfidence, like it had been found in the first
experiment, may have led learners to inappropriate learning decisions (Bjork et al., 2013).
Unfortunately, in Experiment 2 no measures of metacognitive accuracy were assessed which leaves
the explanation in terms of overconfidence speculative. Furthermore, the implementation
intentions in the motivation group were based on the self-efficacy implementation intention that
was used in the study from Bayer and Gollwitzer (2007). However, strengthening self-efficacy in
their study was referred to solving mathematical tasks instead of studying a given topic. Thus,
problems of self-regulation in the area of motivation might be less of a problem during learning,
but rather when working on the test. Experiment 3 aimed at replicating the negative results from
the motivational group and additionally measured how well participants judged their learning (i.e.,
judge how well they would perform in a subsequent knowledge test, Bjork et al., 2013; Nelson &
Narens, 1990) to test the explanation that motivational implementation intentions induced
overconfidence. Furthermore, it was tested whether motivational implementation intentions aimed

at increasing self-efficacy during testing rather than learning would be more effective.

64



Experiment 2

Second, the behavior and the cognition group had descriptively confirmed the hypothesis
that implementation intentions improve learning. Both groups had higher test performance scores
than the control group, whereas the cognition group had the highest scores. Furthermore, those two
groups supported the hypotheses in terms of learning time and the use of multimedia-specific
learning strategies. The behavior group had longer learning times, and the cognition group reported
having used the multimedia-specific cognitive strategies more frequently than the other groups.
These findings suggest that the participants in those groups indeed had carried out the actions that
had been specified in the implementation intentions. To ensure that the cognitive and the behavioral
implementation intentions indeed improve learning, Experiment 4 aimed at replicating those two
conditions. However, the self-regulatory challenges in multimedia learning cannot be considered
to be exclusive; this means that learners might suffer from more than one self-regulatory problem
at the same time. Thus, it was furthermore tested whether a combined condition including
implementation intentions relating to cognition and behavior simultaneously would be particularly
helpful for self-regulating learning, because it supported two areas of self-regulation.

Finally, learner characteristics were analyzed for their possibly moderating role of an
implementation intentions effect on learning outcome. In Experiment 1 it had been found that pre-
existing self-efficacy beliefs moderated the effect of implementation intentions on test
performance. However, this moderation could not be replicated in Experiment 2. Thus, the
influence of learner characteristics and particularly self-efficacy beliefs on the effects of
implementation intentions remains puzzling. The possible moderations will be re-examined in the
following experiments.

In sum, the results from Experiment 2 were fragile and in parts unexpected. Thus, in a third
experiment it was tested whether motivational regulation is more of a problem when working on a
test instead of learning. Furthermore, it was evaluated whether the rather speculative explanation
regarding overconfidence hold true provided for the unexpected negative effects of the motivation
group. Experiment 4 aimed at consolidating the findings that the cognitive and behavioral
implementation intentions were indeed beneficial for learning and whether the effects would add

up when supporting both areas of self-regulation simultaneously.
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8 Experiment 3

Experiment 3 further investigated the presumable negative effect of motivational implementation
intentions that had been found in Experiment 2. In particular, the focus was on whether the decline
in learning outcome was due to the learners feeling overly confident regarding their own learning
after they had been instructed with motivational implementation intentions. Overconfidence may
lead to inadequate regulation of learning (Bjork et al., 2013), and could thus explain why
implementation intentions aimed at boosting self-efficacy during learning would hamper rather
than aid performance. Furthermore, it should be explored whether motivational support would be
more effective when working on the knowledge test. The motivational implementation intention in
Experiment 1 and Experiment 2 were based on the study from Bayer and Gollwitzer (2007), but
could not replicate the finding that strengthening self-efficacy beliefs (motivational self-regulation)
increases test performance. However, one main difference was that in the Bayer and Gollwitzer
study the motivational implementation intentions focused on strengthening self-efficacy beliefs
when working on the test rather than during learning. During the test learners are confronted with
what they cannot remember from the learning material, which might induce low self-efficacy
beliefs. Thus, strengthening self-efficacy during the test should help learners to cope with the
knowledge test. Consequently, in Experiment 3 two conditions using motivational implementation
intentions (m-learn and m-test) were compared with a control group. In both experimental
conditions implementation intentions related to motivational self-regulation, which should
strengthen self-efficacy beliefs and increase confidence. The m-learn condition received
motivational implementation intentions that aimed at strengthening motivational self-regulation
during learning (replicating the motivation condition from Experiment 2). The m-test condition
received a motivational implementation intention that aimed at strengthening motivational self-
regulation when working on the test (similar to the implementation intention used in the study from
Bayer & Gollwitzer, 2007).

8.1 Hypotheses

The main hypothesis was that learning outcome should differ as a function of implementation
intentions. The m-learn group was expected to show lower learning outcomes than the control

group due to the implementation intentions inducing overconfidence (replicating the results from
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Experiment 2). Participants in the m-test group were expected to be more confident when working
on the knowledge test; thus, they should show higher learning outcomes compared with the control
group.

H1: The m-learn group shows lower learning outcomes than the control group, whereas the

m-test group shows higher learning outcomes than the control group.
Because the implementation intentions were aimed at strengthening the learners’ self-efficacy
beliefs and increasing their confidence, they were expected to influence how participants judge
their learning or test performance. Thus, participants were asked to judge their level of
understanding. Judgments were assessed three times during the experiment: before learning (ease-
of-learning judgment as a baseline), after learning (judgment of learning), and after testing
(Judgment of performance). The m-learn group was expected to have higher judgments of learning
than the other groups, because the implementation intentions referred to motivational regulation
during learning. Furthermore, the m-test group was expected to have higher judgments of
performance than the other groups, because the implementation intention referred to motivational
regulation during testing.

H2a: Implementation intentions relating to motivational self-regulation during learning

increases judgments of learning compared with the other groups.

H2b: Implementation intentions relating to motivational self-regulation during testing

increases judgments of performance compared with the other groups.
Again learner characteristics were tested for possibly moderating an effect of implementation
intentions. However, to replicate the moderation from Experiment 1 (a positive effect of self-
efficacy was found in all groups except for the cognition group), a group with cognitive
implementation intentions would have been needed which was not part of Experiment 3.
Furthermore, in the previous experiments no moderating effect of planned effort has been observed.
Thus, no directed hypotheses regarding the moderating role of learner characteristics on an
implementation intention effect are formulated, but the moderation was again tested exploratively.

H3 — explorative: Individual learner characteristics moderate an effect of implementation

intentions on learning outcome.

8.2 Methods
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8.2.1 Participants and design

The sample came from the same population as in Experiment 1 and Experiment 2 containing
undergraduate students of a southwestern German university. Again students of music or physics
were not allowed to participate. Three participants did not copy the implementation intentions
according to the instructions and therefore their data were excluded from the analyses. Data were
analyzed from 105 students (83 female) aged 18 to 35 years (M = 22.00 years, SD = 3.15). They
received course credit or were paid 10 Euros for participation. Participants were randomly assigned
to one of three conditions: a control group without implementation intention instruction (n = 36)
and two experimental groups with an implementation intention instruction relating to motivational
self-regulation. The implementation intentions aimed at motivational regulation either during
learning (m-learn, n = 33) or during testing (m-test, n = 36). Statistical power was calculated
analogous to the previous experiments. Based on an alpha level of a = .05, the sample size of N =

105, and the effect size of f = .325 the statistical power in Experiment 3 was 0.845.
8.2.2 Instructional materials

The learning material was the same as in Experiment 2 explaining the functionality of an upright

piano.

8.2.3 Measures

8.2.31 Control variables

The pre-training task (Cronbach’s a =.771) as well as the questionnaire on learner characteristics
(academic self-efficacy beliefs: Cronbach’s a. = .878, planned effort: Cronbach’s o = .966) were
the same as in the previous experiments. The questionnaire on multimedia-specific cognitive
strategies (Cronbach’s a = .711) was used again from Experiment 2, but served only as a control
variable because none of the implementation intentions related to the regulation of cognitive

strategies.

8.2.3.2  Learning outcome

The knowledge test consisted of the open recall question, the verbal comprehension items, and the
pictorial recall tasks from the previous experiments. Again, a total score (max. 71 points) was

calculated for test performance (Cronbach’s o = .834) and is reported as percentage of correct
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answers. Data from 20% of the participants were again coded by two independent raters with good
reliability (Cohen’s k = .790).

8.2.3.3 Metacognitive judgments

Participants were asked to judge their level of knowledge three times during the experiment. First,
before the implementation intention manipulation and before starting to study the materials,
participants judged how easy they thought it would be to learn the materials on the piano
mechanism (ease-of-learning judgment). The second judgment was assessed right after learning
and asked for how well participants thought they had learned, that is, how confidently they would
be able to answer guestions in an upcoming knowledge test (judgment of learning). The third time,
immediately after answering the test items participants judged how well they thought they
performed on the knowledge test. All judgments were given on a scale from 0 not at all to 100 very
much. The accuracy of participants’ judgments of learning and judgment of performance was
calculated as the discrepancy between judgments and actual performance (accuracy = judgment —
performance, cf. Nelson, 1996). Thus, 0 indicates an accurate estimation, while positive values

indicate overestimation, and negative values indicate underestimation.
8.2.4 Procedure

Data collection took place in groups up to 8 participants with participants working individually on
separated workspaces. The procedure was similar to that of the previous experiments. Participants
first signed informed consent forms and then answered demographic questions. They were then
informed about the topic of the learning material, and they gave their ease-of-learning judgment,
worked on the pre-training task, and filled in the questionnaires on self-efficacy beliefs and planned
effort. Before starting the study phase, participants in the m-learn condition were instructed with
the same three implementation intentions of the motivation condition from the second Experiment
(see Table 5, p. 59). Then, all participants started with learning the multimedia message. When
they were done with learning, they gave their judgment of learning. Before starting with the
knowledge test, participants in the m-test condition were instructed with a single implementation
intention aimed at increasing their self-efficacy when working on the knowledge test (“If I start a
new task, then I will tell myself: I am able to solve it!.”). In line with Bayer and Gollwitzer (2007)
participants only received one implementation intention. All participants then worked on the tasks

of the knowledge test. Afterwards, they gave their judgment of performance and filled in the
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questionnaire on the use of multimedia-specific cognitive strategies. Finally, participants were
debriefed, paid, and thanked for their participation. Participants in the control group did not receive
implementation intentions at any time during the experiment. The experiment lasted for about 60
to 75 minutes. Different from Experiment 1 and Experiment 2, participants from the experimental

groups were not asked to write down the implementation intentions again.

8.3 Results

Descriptive values of all control variables and dependent measures are displayed in Table 7. Two
participants did not fill in the judgment of performance and failed to complete the questionnaire on
the use of multimedia-specific cognitive strategies. Their missing values were replaced by the

respective group means.
8.3.1 Control variables

Analyses of variance (ANOVASs) revealed that despite randomization, groups differed in their ease-
of-learning judgments, F(2, 102) = 3.09, p = .050, n? = .06. Bonferroni adjusted post-hoc pairwise
comparisons revealed that the control group had marginally significant higher judgments than the
m-test group, p = .079. The other groups did not differ from each other, control group/m-learn: p
> 999, m-learn/m-test: p = .140. Furthermore, groups differed on their pre-training scores, F(2,
102) = 357, p = 032, n = .07 Bonferroni-adjusted  post-hoc
pairwise comparisons revealed that the control group had higher pre-training scores than the m-
learn group, p = .048, and the m-test group had marginally significant higher pre-training scores
than the m-learn group, p =.093, whereas there were no differences between the control group and
the m-test group, p > .999. Considering both variables (ease-of-learning judgment and pre-training
scores) as covariates in the analyses of the dependent measures did not change the pattern of results.
Thus, the statistical tests will be reported without these covariates for reasons of simplification.
Groups did not differ in terms of their self-efficacy beliefs, F(2, 102) = 0.86, p = .427, 1> = .02, the
effort participants planned to invest in the learning task, F(2, 102) = 0.16, p = .854, n? = .003, their
learning time, F < 1, or the use of multimedia-specific cognitive strategies, F(2, 102) = 0.12, p =
.889, % =.002.
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Table 7

Experiment 3

Means and Standard Deviations of Control Variables and Dependent Measures for the Control

Group and the Implementation Intention Groups (I1) in Experiment 3.

Ease-of-learning (0-100)
Pre-training (0-12)
Self-efficacy beliefs (1-7)
Planned effort (1-7)

Learning time (min)

Learning outcome (%)
Judgments of learning (0-100)
Accuracy JoL

Judgments of performance (0-
100)

Accuracy JoP

Use of multimedia-specific

cognitive strategies (1-7)

Control Group Il M-Learn Il M-Test
61.64 (21.58) 60.64 (21.83) 50.19 (21.17)
10.47 (2.00) 9.18 (2.62) 10.33 (1.90)

5.22 (0.88) 5.13 (0.98) 495 (0.82)
6.02 (1.31) 5.86 (1.29) 5.93 (1.06)
590 (2.42) 6.25 (3.36) 575 (2.23)
68.04 (9.59) 61.78 (12.86) 64.48 (10.77)
69.33 (18.63) 67.09 (19.72) 61.22 (18.91)
1.30 (15.10) 5.31 (18.13) -3.25 (16.35)
54.34 (26.23) 45.78 (30.56) 49.75 (21.39)
-13.69 (25.07) -16.00 (29.53) -14.73 (19.47)
5.80 (0.96) 576 (1.07) 5.69 (0.92)

Note: Accuracy of judgments of learning (JoL) and judgments of performance (JOP) is given as

discrepancy of the given judgment from the learning outcome, whereby 0 indicates perfect

estimation, positive values indicate overestimation and negative values indicate underestimation.

8.3.2 Dependent measures

Analyses of variance (ANOVAs) were conducted to test whether groups differed regarding the

dependent measures that were followed up with contrast analysis, if necessary.

8.3.3 Learning outcome

An ANOVA revealed that the effect of implementation intentions for learning outcome was
marginally significant, F(2, 102) = 2.77, p =.068, n? = .05. However, the focal contrast (FC: CG 0

/ m-learn -1 / m-test 1) according to which the m-test group should outperform the control group,

while the m-learn group would have the lowest test scores, was not significant, F < 1. Thus, the

hypothesis could not be confirmed (contradicting H1).
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8.3.4 Metacognitive judgments

There was no significant main effect of implementation intentions for judgments of learning, F(2,
102) =1.73, p =.183, n? =.03. Thus, the hypothesis that the judgments of learning would be higher
in the m-learn condition was not supported (contradicting H2a). In general, participants were quite
accurate in their judgments of learning; accuracy did not differ significantly from 0, t(104) = 0.61,
p =.542, d = 0.12. This was also true when looking at the accuracy for judgments of learning in
each group separately, control group: t(35) = 0.52, p = .610, d = 0.18, m-learn: t(32) = 1.68, p =
102, d = 0.59, m-test: t(35) =-1.19, p = .241, d = 0.40. Accuracy for judgments of learning did not
differ among conditions, F(2, 102) = 2.32, p =.103, n? = .04.

The main effect of implementation intentions to predict judgments of performance was not
significant, F(2, 102) = 0.92, p = .400, n? = .02. Thus, the hypothesis that learners in the m-test
condition would have the highest judgments of performance could not be confirmed (contradicting
H2b). In general, participants tended to underestimate their performance as reflected in their
accuracy being significantly smaller than 0, t(104) = -6.14, p <.001 , d = 1.20. This was also true
when looking at the accuracy for judgments of performance in each group separately, control
group: t(35) =-3.28, p =.001, d = 1.11, m-learn: t(32) = -3.11, p =.002, d = 1.10, m-test: t(35) = -
4.54, p <.001, d = 1.54. Accuracy for judgments of performance did not differ among conditions,
F<1.

8.3.4.1  Moderating role of learner characteristics

Again separate regression analyses were conducted for the two learner characteristics — self-
efficacy beliefs and planned effort — to test whether those would moderate an effect of
implementation intentions on learning outcome (H3 — explorative). Regression models always
contained one of the learner characteristics, the implementation intention conditions, and the two-
way interaction as predictors.

Planned effort, F(1, 99) = 11.31, p =.001, np? = .10, positively predicted learning outcome,
but did not significantly interact with implementation intention conditions, F < 1 (exclusion of data
due to Cook’s distance did not change the pattern of results). Also, there was a positive effect of
self-efficacy beliefs on learning outcome, F(1, 99) = 22.14, p <.001, np? = .18, but no interaction
with implementation intentions, F(2, 99) = 1.01, p = .369, np? = .02.
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8.4 Discussion

In Experiment 2 it had been found that implementation intentions strengthening self-efficacy
during learning reduced performance in a subsequent test. To follow up on these negative effects
of motivational implementation intentions, two conditions receiving instructional support via
implementation intentions were compared with a control group. Implementation intentions related
to increasing motivational self-regulation during learning or during working on the test. It was
hypothesized that implementation intentions related to motivational self-regulation during learning
induces overconfidence in terms of the learners’ level of understanding and to, thus, hamper
learning outcome (replication of the negative effect of motivational implementation intentions from
Experiment 2). In contrast, it was expected that motivational self-regulation is indeed needed when
working on the test; thus, implementation intentions relating to motivational self-regulation during
working on the test were expected to improve learning outcome. However, the two experimental
groups with implementation intentions did neither differ from the control group without
implementation intentions nor did they differ from each other. Thus, the hypotheses were not
confirmed. Furthermore, implementation intentions did neither influence judgments of learning,
nor judgments of performance which also contradicts the expectations.

The findings from Experiment 2 where implementation intentions aimed at improving self-
efficacy during learning led to reduced performance were not replicated. While at the descriptive
level the m-learn group achieved a lower test performance than the other groups, this difference
was statistically not significant. A possible explanation for the findings from Experiment 2 was
that implementation intentions related to motivation caused learners to become overconfident.
However, Experiment 3 also failed to show that the motivational implementation intentions altered
participants’ confidence in their learning or test performance. In general, participants were quite
accurate in their judgments of learning, suggesting that motivational regulation is not a problem
during learning in the first place. Moreover, the current findings stand in contrast with those
obtained by Bayer and Gollwitzer (2007), since implementation intentions related to motivation
during testing also did not improve learning outcome.

The findings from this experiment give a hint that implementation intentions do not lead to
effects as compellingly and reliably as it is suggested by the literature (e.g., Gollwitzer & Sheeran,
2006). Possible reasons and boundary conditions for this are addressed in the overall discussion

(see chapter 10).

73



Experiment 4

9 Experiment 4

Starting from the assumption that among other things learners struggle with the selection of
adequate cognitive strategies (cognitive self-regulation) and investing sufficient time and effort
(behavioral self-regulation) when learning with multimedia material, supporting those areas of self-
regulated learning should improve learning outcomes. In Experiment 2 the use of cognitive and
behavioral implementation intentions supporting self-regulation in learning led to higher test
performance scores than in a control group without implementation intentions; however, those
results were rather fragile. The aim of Experiment 4 was to consolidate the findings regarding the
cognitive and behavioral implementation intentions. Thus, these two conditions and the control
group were replicated. However, the self-regulatory challenges in multimedia learning are not
assumed to occur in isolation as more than one of those problems can arise simultaneously.
Supporting more than one area of self-regulation at a time could help learners to cope with the
various self-regulatory challenges. Thus, a combined condition (mix) was investigated in which

learners received cognitive as well as behavioral implementation intentions.

9.1 Hypotheses

The main hypothesis was that implementation intentions would improve the learners’ test
performance. Like in Experiment 1 and Experiment 2, it was expected that the behavioral
implementation intentions would improve learning outcome compared with a control group
without implementation intentions and that the more specific cognitive implementation intentions
would even further improve test performance. For the combined condition, the learners were
expected to be particularly successful because both self-regulatory areas (cognition and behavior)
are addressed, and the effects of cognitive and behavioral implementation intentions might possibly
add up.
H1: The control group shows the lowest learning outcomes, followed by the behavior group,
which is outperformed by the cognition group, whereas the mix group shows the highest
learning outcomes.
Furthermore, learners in the two conditions receiving implementation intentions related to

behavioral self-regulation (behavior, mix) were expected to put more effort into learning, which
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should be reflected in longer learning times compared with the two other groups (control group,
cognition group).
H2: Learners in the behavior and the mix group have longer learning times than the control
group and the cognition group.
In addition, problems of behavioral self-regulation are assumed to stem from inadequate
metacognitive judgments due to relying on a multimedia heuristic (Serra & Dunlosky, 2010). Thus,
support of behavioral self-regulation should reduce overconfidence being reflected in lower
judgments of learning in the behavior and mix group compared with the cognition and control
group.
H3: Learners in the behavior and the mix group show lower judgments of learning than the
cognition and the control group.
Moreover, learners in the two conditions receiving implementation intentions related to cognitive
self-regulation (cognition, mix) were expected to report a more frequent use of the multimedia-
specific cognitive strategies compared with the two other groups (control group, behavior group).
H4: Learners in the cognition and the mix group report a greater use of multimedia-specific
cognitive strategies than the behavior and the control group.
Finally, learner characteristics (self-efficacy and planned effort) were again tested for possibly
moderating an effect of implementation intentions. In particular, self-efficacy beliefs were of
interest as those interacted with an implementation intention effect in Experiment 1 which could
not be replicated again in Experiment 2.
H5 — explorative: Individual differences in learner characteristics moderate an effect of

implementation intentions on learning outcome.

9.2 Methods
9.2.1 Participants and design

Participants were from the same population as in the previous experiments. Those were
undergraduate students not studying music or physics. Data from two participants were excluded
from analysis because they did not copy the implementation intentions according to the instruction.
The remaining sample consisted of 137 students (100 female) and aged between 18 and 31 years

(M = 22.86 years, SD = 3.10). Participants received course credits or 10 Euros for participation.
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Each participant was randomly assigned to the control group (n = 34), or an implementation
intention group. Implementation intentions related to either cognition (n = 35), behavior (n = 33),
or both areas of self-regulated learning (mix: n = 35). Statistical power was calculated analogous
to the previous experiments. Based on an alpha level of a = .05, the sample size of N = 137, and

the effect size of f = .325 the statistical power in Experiment 4 was 0.897.
9.2.2 Instructional materials

Learning material was the same as in Experiment 2 and Experiment 3 explaining the functionality

of an upright piano.

9.2.3 Measures

9.231 Control variables

Again pre-training performance (Cronbach’s a = .757), and the learner characteristics academic
self-efficacy beliefs (Cronbach’s o =.902), and planned effort (Cronbach’s a = .946) were used as

control variables.

9.2.3.2  Learning outcome

Learning outcomes were again assessed by the means of the open recall question, the verbal
comprehension tasks, and the pictorial recall tasks from the previous experiments. Learning
outcomes were computed as the average of performance in all three outcome measures and
transferred into percentage of correct answers (Cronbach’s o = .876). Data of 20% of the
participants were coded by two independent raters with good interrater reliability (Cohen’s k =

820).

9.2.3.3  Metacognitive judgments

Like in Experiment 3, ease-of-learning judgments, judgments of learning, and judgments of
performance were assessed before learning, after learning, and after working on the test,
respectively. All judgments were given on a scale from 0 to 100. Accuracy was again calculated as

the discrepancy of the judgments from the learning outcome.
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9.2.3.4  Use of multimedia-specific cognitive strategies

The frequency of using multimedia-specific cognitive strategies was measured again with the

questionnaire from the previous experiments (Cronbach’s o = .643).
9.2.4 Procedure

The procedure was exactly the same as for the m-learn group in Experiment 3, only using different
implementation intentions. Cognitive and behavioral implementation intentions were adopted from
Experiment 2. For the mix condition three implementation intentions were chosen from the
cognition and behavior conditions to keep the number of implementation intentions the same across
conditions (the three implementation intentions are marked with an asterisk in Table 5, p. 59). For
this combined condition, an implementation intention relating to integration was chosen from the
cognitive implementation intentions, because learners have been shown to particularly struggle
with building referential connections between text and picture information (Mason et al., 2013).
Implementation intentions related to the allocation of time and effort to text and pictures were
selected from the behavioral implementation intentions, as this might be more of a problem for
behavioral regulation (Bjork et al., 2013; Son & Metcalfe, 2000).

9.3 Results

Descriptive values of all control variables and dependent measures are displayed in Table 8. One
participant did not answer the judgment of performance item; the missing value was replaced by

the respective group mean.
9.3.1 Control variables

Despite randomization, analyses of variance (ANOVAS) revealed that groups differed in the ease-
of-learning judgments (before the experimental manipulation), F(3, 133) = 2.66, p =.050, > = .06,
and the pre-training scores, F(3, 133) = 2.88, p = .039, n? = .06. Bonferroni-adjusted post-hoc
pairwise comparisons showed significantly lower ease-of-learning judgments for the behavior than
the mix group, p = .048 (all other comparisons ps > .1). Post-hoc pairwise comparisons with
Bonferroni adjustment for the pre-training scores showed significantly lower scores for the
behavior group than the control group, p = .042 (all other comparisons ps > .1). Including these

two variables as covariates did not change the pattern of results for the main assumptions, so

77



Experiment 4

ANOVAs without covariates will be reported for reasons of simplicity. Groups did not differ
regarding self-efficacy beliefs, F(3, 133) = 1.60, p=.192, 12 = .03, or the effort participants planned
to invest in the learning task, F < 1.

Table 8
Means and Standard Deviations of Control Variables and Dependent Measures for the Control
Group and the Implementation Intention Groups (I1) in Experiment 4.

Control group I1 Cognition I1 Behavior I Mix

Ease-of-learning (0-100) 53.65(21.07)  49.83(20.37) 43.61(24.93) 57.89(19.89)
Pre-training (0-12) 10.19 (2.37) 9.26 (2.16) 8.65 (2.61) 9.81 (2.03)
Self-efficacy beliefs (1-7) 4.85 (0.88) 4.85 (1.04) 455 (1.03) 5.06 (0.89)
Planned effort (1-7) 5.96 (0.83) 5.57 (1.49) 579 (1.20) 5.81 (1.07)
Learning time (min) 497 (1.83) 6.15 (3.34) 5.36 (2.32) 524 (1.82)
Learning outcome (%) 60.94 (12.47)  59.72 (14.16) 55.25(12.26) 60.38 (12.16)
Judgments of learning (O-
100) 61.00 (23.83)  58.69 (20.10) 54.12 (26.07) 63.74 (16.00)
Accuracy JoL 0.64 (19.95) -1.03(17.87)  -1.13(20.55)  3.36 (14.63)
Judgments of performance

49.27 (23.39)  44.14(27.37) 39.70 (27.47)  50.77 (27.41)
(0-100)
Accuracy JoP -11.66 (19.89) -15.58 (24.14) -15.55(25.77) -9.61 (26.80)
Use of multimedia-
specific cognitive 5.56 (0.94) 5.59 (1.06) 5.85 (0.74) 6.06 (0.69)

strategies (1-7)

Note: Accuracy of judgments of learning (JoL) and judgments of performance (JoP) is given as
discrepancy of the given judgment from the learning outcome, whereby O indicates perfect

estimation, positive values indicate overestimation and negative values indicate underestimation.

9.3.2 Dependent measures

ANOVAs were conducted to test whether groups differed regarding the dependent measures that

were followed up with contrast analysis, if necessary.
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9.3.3 Learning outcome

Contrary to the hypothesis, the ANOVA did not reveal any significant group differences in terms
of the learning outcome, F(3, 133) = 1.37, p = .254, n? = .03. Thus, cognitive or behavioral
implementation intentions did not improve learning compared with a control group; neither did a

combination of both (contradicting H1).

9.3.4 Learning time

Other than expected, learning time also did not differ among implementation intention conditions,
F(3, 133) = 1.52, p = .212, n? = .03 (contradicting H2).

9.3.5 Metacognitive judgments

Other than expected, judgments of learning did not differ among conditions, F(3, 133) = 1.19, p =
317, n? = .03 (contradicting H3). Accuracy of judgments of learning did not differ significantly
from 0, t(136) = 0.22, p = 0.828, d = 0.04. This was also true when looking at the accuracy for
judgments of learning in each group separately, control group: t(33) = 0.02, p = .985, d = 0.01,
cognition: t(34) =-0.34, p =.735, d = 0.12, behavior: t(32) =-0.32, p = .754, d = 0.11, mix: t(34)
=1.39, p =.183, d = 0.48. Thus, participants were quite accurate in their judgments of learning.
Also, the accuracy of judgments of learning did not differ as a function of implementation intention
conditions, F < 1.

No hypothesis was formulated regarding group differences for judgments of performance.
There was no significant difference among conditions with regard to judgments of performance,
F(3, 133) = 1.23, p = .300, n? = .03, and the accuracy of judgments of performance, F < 1. Overall
participants underestimated their test performance, t(136) = -6.33, p <.001, d = 1.09, indicated by
the accuracy scores being significantly smaller than 0. This was also true when looking at the
accuracy for judgments of learning in each group separately, control group: t(33) =-3.42, p <.001,
d = 1.19, cognition: t(34) = -3.82, p <.001, d = 1.31, behavior: t(32) = -3.47, p <.001, d = 1.23,
mix: t(34) =-2.12, p=.021,d = 0.73.

9.3.6 Use of multimedia-specific cognitive strategies

There were marginally significant differences between conditions in terms of the use of
multimedia-specific cognitive strategies, F(3, 133) = 2.55, p = .058, n? = .05. However, since the

focal contrast (FC: control group -1 / cognition 1 / behavior -1 / mix 1) was not significant, F(1,
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133) = 0.68, p = .413, n? = .005, the hypothesis that learners of the cognition and the mix groups
would report a more frequent strategy use was not confirmed (contradicting H4).

9.3.6.1  Moderating role of learner characteristics

Regression analyses were again conducted for the two learner characteristics — self-efficacy beliefs
and planned effort — to test whether those would moderate an effect of implementation intentions
on learning outcome. Regression models always contained one of the learner characteristics, the
implementation intention conditions, and the two-way interaction as predictors (relating to H5 —
explorative).

Planned effort, F(1, 126) = 11.58, p <.001, np? = .08 positively predicted learning outcome,
but did not significantly interact with implementation intention conditions, F(3, 126) = 1.19, p =
.315, np? = .03 (data of three participants were excluded due to a Cook’s distance > .10). There was
a positive effect of self-efficacy beliefs on learning outcome, F(1, 129) = 14.75, p <.001, np? = .09,

but the no interaction with implementation intentions was found, F < 1.

9.4 Discussion

In Experiment 2 it had been found that groups receiving cognitive or behavioral implementation
intentions improved learning outcome compared with a control group without implementation
intentions. Furthermore, behavioral implementation intentions had increased learning time, while
learners with cognitive implementation intentions had used multimedia-specific cognitive
strategies more frequently. This study aimed at replicating these results. Moreover, it investigated
whether supporting cognitive and behavioral regulation simultaneously via implementation
intentions particularly improved learning.

However, the hypothesis that supporting cognition, behavior or both areas of self-regulation
via implementation intentions improves learning could not be confirmed. Thus, the findings from
Experiment 2 were not replicated. Furthermore, the implementation intentions neither affected
learning time nor the use of multimedia-specific cognitive strategies. Thus, in contrast to
Experiment 2, it seems that learners had not even carried out the behavior that was specified in the
then-part of the implementation intentions. It remains unclear why learners did not realize the
actions that were specified in the implementation intentions, as they are assumed to be triggered

automatically.
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However, learners having problems in behavioral self-regulation was based on the
assumption that they rely on a multimedia heuristic and overestimate their level of understanding.
However, learners were very accurate in their judgments of learning and did not show the assumed
overconfidence. Thus, it seems that learners had not suffered from poor behavioral self-regulation.

Furthermore, the moderation of an implementation intention effect by learners’ self-
efficacy beliefs that had been found in Experiment 1 could again not be replicated (like in
Experiment 2). This indicates that the significant moderation from Experiment 1 might have been
a statistical product of chance.

Although, implementation intentions are reported as an effective and reliable tool to support
self-regulation in various domains, supporting self-regulation of cognition and behavior in a
multimedia learning environment did not improve learning outcome. Possible reasons and

boundary conditions are discussed in the overall discussion (chapter 10).
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10 General Discussion

Multimedia materials, that is, the joint presentation of text and pictures, have been shown to aid
learning compared with learning from only one representation (Anglin et al., 2004; Butcher, 2014;
Carney & Levin, 2002; Fletcher & Tobias, 2005; Levie & Lentz, 1982; Mayer, 1997, 2009, 2014c).
However, the positive effect of multimedia presentations for learning should not be taken for
granted (Anglin et al., 2004; Scheiter et al., 2017). Aside from the complex cognitive processes
that are necessary for meaningful learning, learners have to regulate motivational, affective, and
behavioral aspects of learning (Moreno, 2006, 2007; Moreno & Mayer, 2007; Plass & Kaplan,
2016). Especially when learning is unguided, learning from multimedia materials imposes several
challenges onto learners. These challenges can be conceptualized as challenges regarding the self-
regulation of learning in the areas of cognition, motivation, and behavior.

First, learners struggle in self-regulating cognitive processes during multimedia learning in
that they often choose inadequate cognitive strategies. In particular, they rely on text information
at the expense of pictorial information and make only few attempts to integrate both information
sources (Ainsworth et al., 2002; Cromley et al., 2010; Hannus & Hyona, 1999; Hegarty & Just,
1993; Hochpdchler et al., 2013; Schmidt-Weigand et al., 2010; Schwonke et al., 2009). Second,
learners are challenged in self-regulating their motivation in that they may easily feel overwhelmed
due to the high cognitive demands imposed during multimedia learning (Lowe, 1999, 2003; Lowe
& Schnotz, 2014). Overload of the learners’ cognitive resources, then, may result in low self-
efficacy beliefs and hamper learning activities (van Merriénboer & Sluijsmans, 2009). Third,
learners struggle in self-regulating their behavior, that is, their regulation of investing sufficient
effort in learning. Multimedia materials may induce overconfidence and feelings of being
underwhelmed in learners; which may cause them to invest only little effort in learning (Eitel,
2016; Jaeger & Wiley, 2014; Lowe, 2003; Lowe & Schnotz, 2014; Salomon, 1984; Serra &
Dunlosky, 2010).

The focus of the present experiments was to overcome these self-regulatory challenges by
means of a generic intervention method that can easily be adjusted to the particular challenge faced
by learners, namely, implementation intentions (Gollwitzer, 1999). Implementation intentions are
if-then-action-plans that strongly connect a situational cue to a goal-oriented, behavioral response,
and, thus, enhance goal achievement (Gollwitzer & Sheeran, 2006). Forming implementation
intentions makes the specified situation easy to detect and leads to an automatic initiation of the
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behavior (Aarts et al., 1999; Armitage, 2009; Bayer et al., 2009; Gollwitzer & Brandstétter, 1997,
Parks-Stamm et al., 2007; Webb & Sheeran, 2004, 2007, 2008). Implementation intentions can be
used very flexibly as they can be enriched with any kind of situation or behavior. Moreover,
implementation intentions are shown to effectively improve cognitive, motivational, or behavioral
self-regulation in academic tasks (Bayer & Gollwitzer, 2007; Duckworth et al., 2011; Stalbovs,
2016; Stalbovs et al., 2015). Thus, implementation intentions might as well be used to support
cognitive, motivational, or behavioral self-regulation in multimedia learning.

Accordingly, the aim of the presented experiments was to investigate how supporting these
areas of self-regulated learning by using implementation intentions improves learning with
multimedia materials. The experiments sought to give answers to three overarching research
questions. The first research question focused on whether supporting self-regulation in multimedia
learning via implementation intentions improves learning outcomes in general. More in detail the
second research question dealt with the particular effects of implementation intentions supporting
the areas of cognition, motivation, and behavior in self-regulated learning. The third research
question concerned individual prerequisites of the learners that might moderate an effect of
implementation intentions. To this end, implementation intentions were designed to support either
cognitive, motivational, or behavioral self-regulation. Learners of the experimental groups were
instructed with implementation intentions prior to learning a multimedia message. Learners of a
control group did not receive such an instruction. After a multimedia learning phase, learning
performance was measured with a knowledge test. This procedure was kept constant throughout
the experiments.

The four experiments built upon each other. Thus, after a short recapitulation of the
experiments’ design and findings, the results will be discussed jointly. Theoretical and practical
implications will be derived as well as strengths and limitations, and future directions will be

outlined thereafter.

10.1 Summary of Results

Experiments 1 and 2 investigated the differential effects of implementation intentions relating to
cognitive, motivational, or behavioral self-regulation on learning performance. To this end, three
experimental groups who were instructed with implementation intentions were compared with a

control group as well as with each other. The implementation intentions either related to the use of
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multimedia-specific cognitive strategies (cognitive self-regulation), to increase self-efficacy
(motivational self-regulation), or to increase the effort that learners invest into learning (behavioral
self-regulation).

In Experiment 1 learners of the experimental groups were each instructed with one
implementation intention. The implementation intentions all shared a joint situational cue in the if-
part (‘If I start a new page, then...”), but included varying behavioral responses in the then-part as
a function of the condition. However, no effects of implementation intentions on the learning
outcome were observed. Neither did the implementation intention groups outperform the control
group, nor did the implementation intention groups differ from each other. Pre-existing self-
efficacy beliefs of learners were found to interact with implementation intentions to predict the
learning outcome. A positive relationship between preexisting self-efficacy beliefs and the learning
outcome was found in all groups, except for the cognition group.

In Experiment 2 some methodological changes were made while keeping the design of
Experiment 1. The changed features sought to improve the effectiveness of implementation
intentions. Implementation intentions still related to cognitive, motivational, and behavioral self-
regulation as a function of condition. However, within each experimental group, three
implementation intentions were used that were more specifically tailored to multimedia learning
and related to text processing, picture processing, and integration of text-picture information.
Furthermore, a pre-training task was included to familiarize learners with the multimedia materials
and facilitate internalization of implementation intentions. A significant effect of instruction with
implementation intentions was revealed. In line with expectations, implementation intentions
relating to behavioral self-regulation improved the learning outcome compared with a control
group; moreover, implementation intentions relating to cognitive self-regulation led learners to
obtain the highest learning performance. In addition, learning time was longer when learners had
been instructed with behavioral implementation intentions and learners reported a more frequent
use of multimedia-specific cognitive strategies when they had been instructed with cognitive
implementation intentions. Both measures, thus, indicated that the underlying mechanism of
behavioral and cognitive implementation intentions was executed, respectively. Unexpectedly, the
motivation group had lower learning outcomes than the control group. Also, the effect of pre-
existing self-efficacy beliefs as a moderating factor from Experiment 1 was not replicated and none

of the other learner characteristics had an impact on the implementation intention effect.
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Experiments 3 and 4 followed up on the results from Experiment 2. On one hand, the aim
was to replicate the findings from Experiment 2. On the other hand, new questions had arisen that
were investigated in Experiments 3 and 4. Results from these two experiments were expected to
allow further insights on how to best support self-regulation in multimedia learning via
implementation intentions.

Experiment 3 addressed the unexpected negative effect of implementation intentions
relating to motivational self-regulation. To this end, again one group was instructed with
implementation intentions relating to motivational self-regulation during learning to replicate the
motivation group from Experiment 2. However, only while taking the knowledge test learners
actually realize how much they can or cannot remember. Thus, low self-efficacy beliefs might be
problematic when working on the knowledge test. Strengthening self-efficacy beliefs to cope with
the knowledge test might enhance test performance. Therefore, another group received
implementation intentions that related to motivational self-regulation while working on the
knowledge test. However, no significant differences were found between the three groups.
Additionally, judgments of learning and judgments of performance provided no indications that
motivational implementation intentions increased confidence in learning or test performance. None
of the assessed learner characteristics could be identified as a moderator of the implementation
intention manipulation.

Experiment 4 sought to replicate the positive effects of implementation intentions relating
to cognitive and behavioral self-regulation from Experiment 2. In an additional condition it was
tested whether jointly supporting cognitive as well as behavioral self-regulation further improves
the learning outcome. Other than expected, the effect of cognitive and behavioral implementation
intentions could not be replicated and neither did the combined implementation intentions affect
the learning outcome. Moreover, other than in Experiment 2, a manipulation with implementation
intentions did not impact learning time or the use of multimedia-specific cognitive strategies.
Again, none of the assessed learner characteristics could be identified as a moderator of the

implementation intention manipulation.

10.2 Effects of Implementation Intentions — Why Don’t They Work?

Taken together, the findings of the presented experiments do not yield convincing evidence for

implementation intentions as a means to improve self-regulation and learning performance in
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multimedia learning. No conclusive effects of implementation intentions were found and
differential effects regarding the variants of cognitive, motivational, and behavioral
implementation intentions could also not be identified.

Implementation intentions are reported to be an effective and reliable tool in the literature
(Gollwitzer & Sheeran, 2006). However, in the presented experiments the evidence in favor of
using implementation intentions to improve learning outcomes was weak and not reliable. This
clearly shows the necessity of direct and conceptual replications in research to be able to evaluate
the reproducibility and generalizability of effects (Amir & Sharon, 1990; Diener & Biswas-Diener,
2017). In a direct replication, the same experiment is conducted again with a similar sample from
the same population and shows whether an effect is reproducible. A conceptual replication uses the
same design but with a sample from another population, different materials, or another but similar
operationalization of the manipulation to show the generalizability of an effect. From an
experimental perspective, the experiments systematically followed upon each other using samples
from the same population. Experiment 2 was a conceptual replication of Experiment 1 using the
same design but slightly changing the manipulation with implementation intentions and minor
details of the learning materials. Under these improved conditions an effect of implementation
intentions was found. Then, two subsequent experiments were following upon the second
experiment’s effects of implementation intentions relating to cognitive, motivational, and
behavioral self-regulation in multimedia learning. That is, Experiments 3 and 4 sought to replicate
the three conditions from Experiment 2, but also addressed new questions that had arisen. The
cognition group in Experiment 2 conceptually replicated the results from Stalbovs et al. (2015)
showing higher learning outcomes for implementation intention groups when studying multimedia
materials. However, the effects of any of the implementation intentions from Experiment 2 could
not be replicated in the follow-up experiments. Furthermore, the effect on test-related motivational
implementation intentions from the Bayer and Gollwitzer study (2007) could not be conceptually
replicated, either. Thus, the experiments question both the reproducibility and the generalizability
of the effects of implementation intentions on learning outcomes in general.

The question rises why implementation intentions were effective in similar studies, but did
not have an impact on learning in the presented experiments. One explanation could be that there
exist boundary conditions for an implementation intention effect that were met in other studies, but

not in the presented experiments. Several of these boundary conditions as an explanation for the
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absence of an implementation intention effect as well as further possible explanations will be
discussed hereinafter.

One prerequisite of implementation intentions to be effective is commitment to the
underlying goal. Although participants were asked to learn with the goal to make best use of the
materials and comprehend the content as well as possible, it remains unclear how much learners
were committed to that goal. Other studies mostly used implementation intentions that were self-
created or personally relevant to the participants (e.g., Duckworth et al., 2011; Gollwitzer &
Brandstatter, 1997; Oettingen et al., 2000; Sheeran & Orbell, 2000; Stadler, Oettingen, &
Gollwitzer, 2009). Personal interest and valuing a goal as meaningful relate to goal activation and
strong goal commitment which were both found to strengthen an effect of implementation
intentions (Koestner et al., 2002; Sheeran et al., 2005). The instruction to make best use of the
materials, to comprehend the content as well as possible, and the wording of cognitive and
motivational implementation intentions of the presented experiments were adopted from other
studies that had actually found an effect of implementation intentions (Bayer & Gollwitzer, 2007
Stalbovs et al., 2015). One major difference from these studies, however, was the (learning)
assignments’ content. Relevance of to be learned contents may have had an impact on goal
commitment of learners. For instance, Stalbovs et al. (2015) used the topic of mitosis, which is
typical for content taught in school. Similarly, Bayer and Gollwitzer (2007) measured how well
students solved math tasks. In both studies, content was strongly related to school curricula.
Therefore, participants might have valued those materials as relevant and, thus, might have been
more committed to the underlying learning goal. In the current experiments, the learning content
related to the functionality of the piano mechanism. This is not part of the school curricula and also
can be considered relatively unique content that not all students might find equally interesting.
Hence, learners might have been less willing to learn about it. A lack of goal commitment because
of little personal interest or value of the learning contents, thus, may have accounted for the missing
effects of implementation intentions on learning outcomes. A replication of the experiments with
other learning materials that more strongly relate to school curricula or that are personally more
relevant for learners could resolve whether this explanation holds true.

Another boundary condition and possible explanation for why there was no effect of
implementation intentions is that there might have been no (pronounced) problems of self-

regulation to begin with. Although participants did not score high on posttest measures, there is no
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direct evidence that the employed learning material indeed induced the self-regulatory challenges
that had been presupposed. Implementation intentions were found to be especially helpful in
individuals who have problems in self-regulation such as children suffering from ADHD
(Gawrilow & Gollwitzer, 2008; Gawrilow, Gollwitzer et al., 2011; Gawrilow, Schmitt et al., 2011).
However, samples of the presented experiments comprised university students who were
presumably trained leaners and might, thus, be considered good at self-regulating their learning. In
addition, learning materials in the presented experiments were rather short compared with those
used by Stalbovs et al. (2015). One might presume that self-regulatory challenges are more likely
to occur with longer materials. Longer materials inherently give more opportunities to struggle in
self-regulation and require sustaining cognitive, motivational, and behavioral self-regulatory
processes. Whether effects of implementations intentions related to students’ self-regulation of
learning occur for other samples that are more prone to face learning difficulties or for longer
learning materials should be tested in future research.

More in detail, when turning to learners’ difficulties in multimedia learning in the present
experiments, there is no explicit evidence regarding the relative relevance of the self-regulatory
problems in cognition, motivation, and behavior at the baseline. The learner characteristic variables
measuring knowledge about multimedia-specific cognitive strategies (only assessed in Experiment
1), self-efficacy beliefs, and planned effort all showed values above the scale midpoint. This may
suggest that learners had adequate multimedia-specific cognitive strategies available, perceived the
learning task as feasible for themselves, and were willing to invest sufficient effort in learning. In
short, they did not report facing any of the aforementioned problems in serious ways. However,
self-reports are a subjective measure and have been critiqued as being invalid indicators in the
context of self-regulated learning (Veenman, 2011a, 2011b). To clarify this, more specific and
more objective measures of the self-regulatory challenges are needed. Online measures such as
recordings of eye-movements or verbal protocols could give insight in which self-regulatory
challenges really occur during learning with multimedia. Furthermore, they would allow providing
tailor-made support by selecting implementation intentions that best fit a particular student’s
challenge.

Another reason for not having found an effect of implementation intentions could be that
effects were not detected due to low statistical power. Although, power of above 80% was

calculated for the four experiments, there might actually have been an effect which was smaller
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than the effect size identified in the meta-analysis (Gollwitzer & Sheeran, 2006). Post-hoc power
analyses using GPower (Erdfelder et al., 1996) were conducted to deduce sensitivity, the minimum
effect size that could be detected with the given sample. This was based on an alpha-level of a =
.05, power determined at 80% and the sample sizes of N = 119 for Experiment 1, N = 130 for
Experiment 2, N = 105 for Experiment 3, and N = 137 for Experiment 4. This sensitivity power
analysis revealed that the sizes of the minimal detectable effects in the experiments were d = .62,
d=.59,d=.61, and d = .57, respectively, which are designated to be medium effect sizes (Cohen,
1992). Thus, there was sufficient power to detect an implementation intention effect that is
comparable in magnitude to the medium to large effect (d = .65) that was found in the meta-analysis
from Gollwitzer and Sheeran (2006). However, the meta-analysis also included studies that had
found smaller effects. There are several reasons why effects in the presented experiments could
turn out smaller than the overall effect of the meta-analysis. In most other studies implementation
intentions were more closely related to the dependent variable. For instance, implementation
intentions were related to write a curriculum vitae; then, it was assessed whether the curriculum
vitae was written or not (Brandstatter et al., 2001). In the experiments presented here, however, the
behavior that was specified in the implementation intentions was only a mediator such as using
specific cognitive strategies. This should lead to an improved learning outcome which was, then,
measured as dependent variable. Another reason for smaller effects could be that learning situations
and the initiated behaviors were more complex than in other experiments, thus, possibly there are
more influencing factors that might affect data. Lastly, a lack of goal commitment could have
decreased an effect of implementation intentions as it was previously discussed. Although the
experimental set-up is based on other studies that found effects of implementation intentions (e.g.,
Stalbovs, 2016; Stalbovs et al., 2015), it cannot completely be ruled out that there were smaller
effects in the experiments presented here that could just not be detected.

In sum, these findings do not corroborate the notion that implementation intentions relating
to the cognitive, motivational, or behavioral area of self-regulated learning improve learning
outcomes in multimedia learning. Further research is needed to gain more insight in the self-

regulatory problems of learners as well as boundary conditions of implementation intentions.

10.3Do Individual Learner Characteristics Moderate the Effect of Implementation

Intentions?
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Regarding the exploratory investigation of whether individual learner characteristics moderate an
effect of implementation intentions on learning outcome, results were not conclusive, either. While
self-efficacy beliefs moderated an implementation intentions effect in Experiment 1, this could not
be replicated in the other experiments. This might, however, as well be explained by the
composition of learner characteristics in the given samples. As previously discussed, across all
experiments, participants indicated relatively high scores on the learner characteristic variables.
Consequently, those participants which were considered to only hold low self-efficacy beliefs in
the given sample (one standard deviation below the mean) still scored above the scale midpoint.
Thus, there was only little variation in the investigated variables, which made it unlikely to obtain
moderator effects. Moreover, insufficient validity of the learner characteristics’ measures may
explain why no moderator effects were found. As noted earlier, learner characteristics were
assessed with self-reports that have been critiqued as lacking validity in the field of self-regulated
learning (Veenman, 2011a, 2011b). Therefore, it cannot be ruled out that learners who really score
low on these variables (e.g., below the scale midpoint) might actually profit more from an
intervention with implementation intentions that specifically tackle the respective, problematic
learner characteristic. Further research with more heterogeneous samples and more objective

measures of self-regulatory variables might shed light on these issues.

10.4 Theoretical Implications

From a theoretical point of view, the hypotheses that were tested within the four experiments rest
on a homogenous framework. Pintrich’s framework of self-regulated learning (2000) was adapted
to multimedia learning scenarios and relevant aspects were underpinned with findings from
multimedia research. Even though this is a clear theory-driven approach, it still remains difficult to
derive effective interventions from it. This follows from the fact that the applied theories are rather
unspecific; especially, they lack a more fine-grained description of relevant learning processes. For
instance, the CATLM (Moreno, 2006, 2007; Moreno & Mayer, 2007) includes motivation, affect,
and self-regulation as influencing factors; however, it is only mentioned that these factors have an
impact on processing learning contents, but nothing is said about the quality of this influence.
Furthermore, motivation, affect, and self-regulation are rather broad concepts with various
dimensions and their influence on (multimedia) learning was shown to be equivocal (see, for

instance, literature on emotions in multimedia learning: Park et al., 2015; Knorzer et al., 2016b).
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However, no differentiation is made between such dimensions in most theories so far. More
specific theories — in particular concerning details of process levels of learning — are needed that
offer precise anchors for interventions. Thus, the practical implementation of interventions that

closely relate to theoretical conceptualizations remains an objective for future research.

10.5 Practical Implications

At the present moment, practical implications should only be derived with caution. Against the
backdrop of the presented experiments, implementation intentions do not seem to be the method
of choice for supporting self-regulation in multimedia learning. No convincing evidence could be
found across the experiments that implementation intentions relating to cognitive, motivational, or
behavioral self-regulation improve multimedia learning. However, to indeed rule out that
implementation intentions do not improve self-regulation and multimedia learning, a closer look
should be taken at the differences between the present experiments and other studies that have
found an effect of implementation intentions on learning. It should be investigated whether effects
depend on characteristics of learning content such as domain-specificity (along with relevance) or
length of materials. However, although the presented results do not speak in favor of using
implementation intentions as an intervention, it could be worth putting more effort in exploring
conditions of successfully using implementation intentions in multimedia learning; implementation
intentions are still a tool that can easily be implemented in everyday learning scenarios without

costing much time or any money.

10.6 Strengths, Limitations, and Future Directions

When interpreting the results of the present experiments, it should be kept in mind that there are
strengths to be appreciated and limitations that could be overcome in future research. Both are
discussed in the following.

First, the scientific ideas of the experiments were derived from well-established theories;
thus, they were conducted against a strong theoretical backdrop. Assumptions from theories of
multimedia learning and self-regulated learning were combined to derive a particular intervention

and respective hypotheses for self-regulation in the specific case of multimedia learning.
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Connecting theoretical frameworks from different fields might help to further understand the
complex construct of learning.

Another strength relates to the fact that the four experiments systematically built upon one
another. Subsequent experiments aimed at replicating and consolidating the findings from
preceding ones. Replications are important as they allow to draw conclusions on reliability and
validity of effects. When doing replications it is important that experiments are comparable and at
least some features are held constant across experiments. However, such comparability can be a
drawback at the same time. Using the same population and the same materials across all
experiments might as well limit the generalizability of the findings. In the present experiments, the
materials that were used across all four experiments might have had idiosyncratic features that were
unfavorable for an implementation intention effect to occur. This could, for instance, be the length
of the learning materials as it was already discussed above. Other materials that are longer, from
another domain, or include not only static, but also dynamic pictures, might be more challenging
for self-regulation and, thus, increase the need for self-regulatory support via implementation
intentions. Furthermore, using a sample from a population with less trained learners might also
result in different findings. These issues should be addressed in future research.

A major limitation in the experiments is that no process-oriented measures were used; rather
self-regulatory challenges were only assessed by self-report measures. Thus, no valid proposition
can be made on whether the self-regulatory challenges did actually occur during learning of the
multimedia message. On the other hand, there is a vast amount of literature with evidence for the
aforementioned challenges in multimedia learning that actually use process-oriented measures
(e.g., Hannus & Hyon4, 1999; Hegarty & Just, 1993; Kuhl et al., 2011; Schmidt-Weigand et al.,
2010). Thus, the assumption of self-regulatory challenges to occur in multimedia learning is based
on strong empirical evidence.

Furthermore, ecological validity is limited because all of the studies were conducted in
laboratory settings with a sample from a restricted population. Here, again, the reasoning of
personal relevance can be brought up. Conducting learning experiments in realistic learning
scenarios might increase the personal relevance of learners for the content and might, thus, provide
stronger evidence for the respective findings. Future studies in the field could expand the validity

to more realistic settings with learning content that is more relevant to learners.
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10.7 Conclusions

The presented experiments investigated whether implementation intentions can support cognitive,
motivational, and behavioral self-regulation in multimedia learning, thereby improving learning
outcomes. The results do not support the notion that implementation intentions cause effects as
reliably and under all conditions as it is suggested in the literature. Further research is needed to
investigate the self-regulatory problems themselves, how implementation intentions can be
adjusted to help learners to overcome these self-regulatory problems, and finally, how
implementation intentions should be tailored to meet the learners’ individual characteristics.
Furthermore, it is important to consolidate findings and identify boundary conditions of

implementation intentions under various conditions.
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11 Summary

The presented experiments aimed at investigating whether implementation intentions support
cognitive, motivational, and behavioral self-regulation, thereby improving learning outcome in a
multimedia learning environment. Multimedia material, that is a combination of text and pictures,
is shown to improve learning compared with learning from text only (Butcher, 2014). However, to
make best use of multimedia learning materials learners must actively engage in the learning
process to be able to integrate the information of both types of representations adequately, which
is rather challenging for learners (Anglin et al., 2004; Scheiter et al., 2017). Challenges of
multimedia learning can be conceptualized against the backdrop of a self-regulated learning
framework (Pintrich, 2000). Particularly, in multimedia learning scenarios, learners may suffer
from poor cognitive, motivational, and behavioral self-regulation. First, a lack of cognitive self-
regulation can be observed when learners rely on text information only, or fail to connect text and
picture information, suggesting that they do not select adequate cognitive strategies for multimedia
learning (e.g., Hannus & Hyon4, 1999; Schmidt-Weigand et al., 2010). Carrying out such strategies
is, however, cognitively demanding. Second, multimedia learning might lead learners to feel
overwhelmed and to not confide in their own capabilities which points towards a lack of
motivational self-regulation in the sense of lacking self-efficacy (e.g., Lowe, 2003; Lowe &
Schnotz, 2014). Third, behavioral self-regulation is at risk when learners rely on a multimedia
heuristic, perceive multimedia material as easy to learn from, and invest too little time and effort
in learning (e.g., Eitel, 2016; Serra & Dunlosky, 2010). Implementation intentions are found to be
a helpful tool to improve self-regulation in a variety of contexts (Gollwitzer & Sheeran, 2006).
Implementation intentions are if-then plans that connect a situational cue to a specific action, and,
thus, help to automatically initiate this action and foster goal achievement (Gollwitzer, 1999).
Four experiments were conducted to investigate whether supporting self-regulation via
implementation intentions in the areas of cognition, motivation, and behavior in a multimedia
learning environment improves learning outcome. Learners were asked to learn with the goal to
make the best use of the learning materials and to comprehend the contents to the greatest possible
extent. Then, experimental groups received instructional support via implementation intentions,
whereas a control group did not receive such instructions. Afterwards, participants studied a
multimedia message. It was expected that in general implementation intentions improve
performance in a subsequent knowledge test. Additionally, the group receiving implementation
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intentions relating to cognitive self-regulation was expected to obtain the best learning outcome,
as they received the most specific implementation intentions relating to the most central process in
self-regulated learning. Furthermore, learner characteristics were explored as being possible
moderators.

The first experiment investigated whether a single implementation intention relating to
cognitive, motivational, or behavioral self-regulation improves learning outcomes compared with
a control group and whether the effect differs as a function of the self-regulatory areas addressed
in the implementation intention. However, results showed no effects of implementation intentions
on learning outcomes at all. Self-efficacy was identified as a moderator which could, however, not
be replicated in the following experiments.

The second experiment was similar to the first but some methodological changes were made
to set better conditions for an implementation intention effect to occur. As expected,
implementation intentions relating to behavioral self-regulation improved learning outcomes
compared with the control group and cognitive implementation intentions led learners to obtain
even higher test scores. Thus, some evidence for implementations intentions to foster self-
regulation and learning was found. Unexpectedly, implementation intentions relating to
motivational self-regulation seemed to reduce learning outcomes compared with the control group.
Two subsequent experiments followed up on these results.

To gain further insight into the unexpected negative effect of implementation intentions
relating to motivational self-regulation, Experiment 3 investigated whether support of motivational
self-regulation is actually more apt when working on the test instead of during learning. Thus,
implementation intentions relating to motivational self-regulation were either instructed before
learning or before testing, whereas a control group received no implementation intentions at all.
However, no effect of implementation intention instruction on learning outcomes was found.

Experiment 4 aimed at replicating the positive effects of implementation intentions relating
to cognition and behavior on learning outcome from Experiment 2. However, effects could not be
replicated. Additionally, participants of a mixed condition that jointly used implementation
intentions relating to cognitive as well as behavioral self-regulation did not obtain higher learning
outcomes either.

In conclusion, no sound evidence for an effect of implementations intentions to support

self-regulation in multimedia learning could be found. Thus, findings contradict the promising
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effects of implementation intentions reported in the literature. Future research should consider
testing boundary conditions for an effective use of implementation intentions such as goal
commitment. Besides, more insight is needed in the particular self-regulatory challenges occurring
during multimedia learning to enable the provision of interventions that are specifically tailored to

the learners needs.
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12 Zusammenfassung

Die vorgestellten Experimente zielen darauf ab, zu untersuchen, ob Vorsatze Selbstregulation auf
einer kognitiven, motivationalen und verhaltensbedingten Ebene unterstiitzen und dadurch die
Lernergebnisse beim Lernen mit multimedialem Material erhéhen. Multimediales Material, also
eine Kombination aus Text und Bildern, verbessert das Lernen im Vergleich zum reinen Textlernen
(Butcher, 2014). Lernende missen sich jedoch aktiv am Lernprozess beteiligen, um multimediale
Lernmaterialien optimal nutzen zu kénnen und die Informationen beider Reprasentationen adéquat
zu integrieren, was fur Lernende herausfordernd sein kann (Anglin et al., 2004; Scheiter et al.,
2017). Die Herausforderungen beim multimedialen Lernen kdnnen vor dem Hintergrund eines
Rahmenmodells zum selbstregulierten Lernen konzeptualisiert werden (Pintrich, 2000). Besonders
in multimedialen Lernumgebungen werden Lernenden vor selbstregulatorische Herausforderungen
auf kognitiver, motivationaler und verhaltensbedingter Ebene gestellt. Erstens kann ein Mangel an
kognitiver Selbstregulation auftreten, wenn sich Lernende nur auf Textinformationen verlassen
oder Text- und Bildinformationen nicht miteinander verknupfen, was darauf hindeutet, dass sie
keine geeigneten kognitiven Strategien fir multimediales Lernen nutzen (z.B. Hannus & Hyona,
1999; Schmidt-Weigand et al., 2010). Die Durchfiihrung solcher Strategien ist jedoch kognitiv
beanspruchend. Zweitens konnte dies folglich dazu fiihren, dass die Lernenden sich berfordert
fuhlen und nicht auf ihre eigenen Fahigkeiten vertrauen, was auf einen Mangel an motivationaler
Selbstregulation im Sinne von mangelnder Selbstwirksamkeit hindeutet (z.B. Lowe, 2003; Lowe
& Schnotz, 2014). Drittens ist die Selbstregulation auf verhaltensbedingter Ebene gefahrdet, wenn
sich die Lernenden auf eine Multimedia-Heuristik verlassen, also multimediales Material als leicht
zu erlernen empfinden und folglich zu wenig Zeit und Anstrengung in das Lernen investieren (z.B.
Eitel, 2016; Serra & Dunlosky, 2010). Vorsatze wurden bereits als hilfreiches Instrument zur
Verbesserung der Selbstregulation in verschiedenen Kontexten verwendet (Gollwitzer & Sheeran,
2006). Vorsdtze sind Wenn-Dann-Plane, die einen situativen Hinweis mit einer konkreten
Handlung verkniipfen, und so helfen sollen, diese Handlung automatisch zu initiieren und die
Zielerreichung zu fordern (Gollwitzer, 1999).

In vier Experimenten wurde untersucht, ob die Unterstiitzung der Selbstregulation in den
Bereichen Kognition, Motivation und Verhalten mithilfe von Vorsatzen das Lernergebnis beim
Lernen mit multimedialen Materialien verbessert. Die Lernenden wurden aufgefordert, mit dem
Ziel zu lernen, die Lernmaterialien optimal zu nutzen und die Inhalte bestmdglich zu verstehen.
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Die Experimentalgruppen erhielten zudem eine instruktionale Unterstlitzung durch Vorsatze,
wahrend eine Kontrollgruppe keine solchen Instruktionen erhielt. Anschlielend sollten sie
multimedial aufbereitete Inhalte lernen. Es wurde erwartet, dass Vorsétze die Leistung in einem
anschlieBenden Wissenstest generell verbessern. Darlber hinaus wurde von der Gruppe, die
Vorsétze bezogen auf kognitive Selbstregulation erhielt, erwartet, dass sie das beste Lernergebnis
erzielt, da die Vorsatze am spezifischsten waren und sich auf den zentralen Prozess beim
selbstregulierten Lernen bezogen. Daruber hinaus wurden Lernereigenschaften explorativ als
maogliche Moderatoren untersucht.

Im ersten Experiment wurde untersuchte, ob ein einzelner VVorsatz bezogen auf kognitive,
motivationale oder verhaltensbedingte Selbstregulation das Lernergebnis im Vergleich zu einer
Kontrollgruppe verbessert und ob sich dieser Effekt in Abhdngigkeit von den verschiedenen
Ebenen der Selbstregulation unterscheidet, die in den VVorsétzen adressiert wurden. Die Ergebnisse
zeigten jedoch keinerlei Effekte der VVorsatze auf das Lernergebnis. Selbstwirksamkeit wurde als
Moderator identifiziert, was jedoch in den folgenden Experimenten nicht repliziert werden konnte.

Das zweite Experiment war vergleichbar mit Experiment 1. Es wurden jedoch einige
methodische Veranderungen vorgenommen, um bessere Randbedingungen flr das Auftreten eines
Vorsatzeffekts zu schaffen. Wie erwartet, verbesserten Vorsatze bezogen auf verhaltensbedingte
Selbstregulation im Vergleich zur Kontrollgruppe das Lernergebnis und mit kognitiven Vorsétzen
wurden sogar noch hohere Testergebnisse erzielt. Es ergaben sich somit Hinweise darauf, dass
Vorsétze Selbstregulation und Lernen fordern. Entgegen der Erwartung, reduzierten die VVorsatze
in Bezug auf motivationale Selbstregulation jedoch das Lernergebnis im Vergleich zur
Kontrollgruppe. In zwei nachfolgenden Experimenten wurden diese Ergebnisse weiter untersucht.

Um weiter auf die unerwarteten negativen Effekte von Vorsdatzen zur motivationalen
Selbstregulation einzugehen, wurde in Experiment 3 untersucht, ob die Unterstiitzung
motivationaler Selbstregulation mdglicherweise besser wirkt, wenn sie auf die Testbearbeitung und
nicht auf das Lernen gerichtet ist. So wurden die Vorsdtze in Bezug auf motivationale
Selbstregulation entweder vor dem Lernen oder vor dem Test dargeboten, wéhrend eine
Kontrollgruppe keine Vorsétze erhielt. Es wurde jedoch kein Einfluss der Vorsatze auf das
Lernergebnis gefunden.

Experiment 4 zielte darauf ab, die positiven Effekte kognitiver und verhaltensbedingter

Vorsétzen auf das Lernergebnis von Experiment 2 zu replizieren. Die Effekte zeigten sich jedoch
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nicht erneut. Auch Probanden einer gemischten Bedingung, die gleichzeitig VVorsatze in Bezug auf
kognitive und verhaltensbezogene Selbstregulation erhielten, erzielten kein besseres Lernergebnis.

Zusammenfassend lasst sich sagen, dass keine fundierten Hinweise auf einen Effekt von
Vorsétzen zur Unterstltzung der Selbstregulation beim multimedialen Lernen gefunden werden
konnten. Damit widersprechen die Ergebnisse den Effekten, die in der Literatur fiir Vorsatze
berichtet wurden. Zukiinftige Forschung sollte Randbedingungen flr den erfolgreichen Einsatz von
Vorsétzen prifen, wie beispielsweise die zugrundeliegende Zielbindung. Dariiber hinaus ist ein
vertieftes Verstandnis der spezifischen Herausforderungen der Selbstregulation im multimedialen
Lernen notwendig, um auf die Bedurfnisse der Lernenden zugeschnittene Interventionen anbieten

zu koénnen.
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