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1 Introduction

In the last few decades, the use of multimediable@®me ubiquitous due to the
increased deployment of computers and the intekhgtimedia is the combination of the
different presentation formats such as writtenpmken text and pictures, animations, or
videos (Mayer, 2005a). These days, not only fong{a school books but also websites and
digital learning environments allow the presentatid different presentation formats. The
scientific field of multimedia learning focuses iowestigating how learning material in
different presentation formats (i.e., combinatiohgifferent external representations) can
support deeper information processing, understgnafiinformation, and knowledge
construction (i.e., construction of internal/menmtgresentations; Mayer, 2009a). An
important effect in the field of multimedia leargirs the multimedia effect. According to the
multimedia effect, learning is fostered by addingfyres to text (Mayer, 2009b). A lot of
research has confirmed this effect (see Section Holvever it is still uncleavhypictures
are beneficial to learning. Therefore, in this drtation, two accounts, the most common
account of Cognitive Theory of Multimedia LearnifMayer, 2005b) and the alternative
account of computational offloading (Larkin & Simd®87), are contrasted to see which
account explains the multimedia effect best. Aftescribing the multimedia effect in more
detail (see Section 1.1), these theoretical aceoanat described (see Section 1.2 and Section
1.3). These descriptions include explanations of thiese theoretical accounts assume that
pictures are beneficial to learning. Also, theaatimplications derived from these accounts
are explained, which pertain to the role of theam@nce of visuo-spatial information for
understanding the learning material and the invakmet of working memory during learning
(see Section 1.5.4 and 1.6.5). By testing thesdigatmns, insight into which theoretical
account explains the beneficial effect of pictuvest and therefore into why pictures are
beneficial to learning can be obtained. These iisigot only contribute to learning theories
that describe and predict behaviour during multiméshrning (cf. Mayer, 2009a), but also
potentially to instructional practice by being atemore carefully design multimedia

learning material.



1.1 The Multimedia Effect

The multimedia effect is a well established effasta broad range of studies using
different tasks and learning outcomes has confirthiedeffect (for reviews see Anglin, Vaez,
& Cunningham, 2004; Carney & Levin, 2002; MayerQ2B). An example of the multimedia
effect is that it is easier to understand how gdleepump works when a picture depicting the
inner components and the states of these compodenitg pumping accompanies the text
than when the functioning of the bicycle pump isatbed by text only (e.g., Mayer, 2005a;
2009b). The typical design of studies that tesitiidtimedia effect involves two conditions
in which participants learn either with verbal infation only (i.e., control condition) or with
verbal and pictorial information (i.e., experimdrgandition). The knowledge participants
obtain from the learning material is typically assed immediately after learning. Within this
design, it is possible to vary certain aspectsh siscthe type of learning task and the type of
learning outcome measures. For example, studiestigating the multimedia effect have
used a broad range of tasks with different typdsarhing contents, such as the classification
of sail boats (Wilcox, Merrill, & Black, 1981), tHanctioning of a bicycle pump (Mayer &
Gallini, 1990), or how to bandage a hand (MichaBe&ry, 2000). Also, learning outcomes
have been measured using different performanceuresgsuch as comprehension (Hannus
& Hyona, 1999), creative problem solving (Mayer &l&i, 1990), or bandaging
performance (Michas & Berry, 2000).

In Table 1, experiments that tested the multimedfiect, using different types of tasks
and different types of learning outcomes, aredis&tudies were selected based on their
learning materials, which are similar to the leaghmaterials used in this dissertation. For all
experiments, participants learning with a writterttonly were compared to participants
learning with a written text and a static picturbe effect size Cohen’s d was calculated for
each learning outcome measure, which ranged frod® {0 1.93 — with one exception of
-1.58 — with a mean effect size of 0.66, which mmedium to large effect (Cohen, 1988).



Table 1
Effect Sizes for the Multimedia Effect in Previ®esearch

Reference Task Learning outcome measures (Original

variable name: Cohen’s d*)

Hannus & Hyona, 1999, Description of animals Recall:
exp. 2 - Main points: 0.10
- Detailed points: 0.33
Transfer:
- Comprehension: 0.23
Wilcox, Merrill, & Classification of sail ~ Transfer:
Black, 1981 boats - Classifying unencountered
instances of concepts: 0.54
Mayer & Gallini, 1990, The functioning of Recall:
exp. 1 brakes - Explanative information: 1.93
- Non-explanative information
and verbatim recall: NS
Transfer:
- Creative problem solving: 1.78
Mayer & Gallini, 1990, The functioning of Recall:
exp. 2 pumps - Explanative information: 1.80
- Non-explanative information:
-1.58
- Verbatim recall: NS
Transfer:
- Creative problem solving: 1.33
Mayer & Gallini, 1990, The functioning of Recall:
exp. 3 generators - Explanative information: 1.30
- Non-explanative information:
NS
- Verbatim recall: 0.51



Transfer:

- Creative problem solving: 1.77

Moreno & Valdez, 2005, The formation of Recall:
exp. 1 lightning - Recall: 0.40
Transfer:

- Transfer: 0.52
Nam & Pujari, 2005 Refrigeration cycle Transfer:

- Transfer: 0.29
Waddill & McDaniel, Crumbling cliffs Recall:
1992, exp. 1 - Target Detail: -0.05

- Target Relational: 0.38
Michas & Berry, 2000, Bandaging a hand Recall:

exp. 1 - Bandaging performance: 1.15
- Questions: 0.86

Michas & Berry, 2000, Bandaging a hand Recall:

exp. 3 - Bandaging performance: 1.64

- Questions: 0.18
Stone & Glock, 1981 Assembly of a modelRecall:

loading cart - Assembly errors 1.14**

* A positive d-value implies a multimedia effect.
** As this measure involves errors, the sign of éfiect size has been inversed.

Although the multimedia effect is a well establidledfect, and therefore pictures are
said to be beneficial to learning, additional dlars still sought to describ&hy pictures are
beneficial to learning. Several theoretical acceunr@ve been proposed to explain why
pictures are beneficial to learning. The Cognifiveeory of Multimedia Learning (Mayer,
2005b) states that pictures are beneficial to legrrbecause not only a verbal but also a
pictorial mental representation — and ideally aegnated mental representation — are
yielded in long-term memory. This account is diéfiet from the account of computational
offloading (Larkin & Simon, 1987), which posits thactures facilitate information
processing during learning, especially when vispatial information is important for

understanding the learning task.
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1.2 Explaining the Multimedia Effect: Cognitive Theory of Multimedia
Learning

The most prominent theoretical account in the fadldultimedia learning, the
Cognitive Theory of Multimedia Learning (CTML,; sE&ure 1), explains the multimedia
effect by positing that learning from text and prets yields a richer mental representation
than learning from text only (Mayer, 2005b). CTMastulates that during learning with text
and pictures, relevant information is selected fra@rbal and pictorial information that enters
sensory memory (e.g., through the eyes). The selectormation is further processed in
working memory, which is responsible for processiagoal and pictorial information and is
assumed to have a limited capacity to processnmdton at the same time (Baddeley, 1986).
According to Baddeley (2007), working memory igmporary storage system in memory
that enables complex thought. When the selectednrdtion is verbal (e.g., from listening to
spoken text), this information is processed invloed sound baseAccording to CTML, the
word sound base corresponds to Baddeley’s workiagnony subsystem that is responsible
for processing verbal information, namely the pHogizal loop. Words that are processed in
the word sound base are organised in a verbal inmept@sentation. Analogously, when the
selected information is pictorial (e.g., from loogiat static pictures), this information is
processed in the visual image base. According tWlIGThe visual image base corresponds to
Baddeley’s working memory subsystem that is resipta$or processing visuo-spatial
information, namely the visuo-spatial sketchpadades that are processed in the visual
image base are organised in a pictorial mentakssgmtation. It is important to note that
CTML does not take contemporary research into agcthat shows that text containing
visuo-spatial information is also processed inviseio-spatial sketchpad (see Section 1.6.1;
e.g., Gyselinck, De Beni, Pazzaglia, MeneghettM&ndoloni, 2007). The verbal and
pictorial mental representations are integratetl wéch other and with prior knowledge that
is retrieved from long-term memory. This integrateental representation is more than the
sum of the purely verbal and purely pictorial resgrgation, because it is thought to reflect a

full understanding of the learning material. Acdagly, it does not only allow for recall of

1 CTML posits that spoken text is processed in thedvsound bases, whereas written text is procéasbe
visual image base. This assumption has been ggticas it is not in line with Baddeley's (1986) kiog

memory model (Rummer, Schweppe, Scheiter, & Ger&es).
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information (i.e., remembering information) butafer transfer of knowledge to novel

situations (i.e., reasoning about the learning nateMayer, 2005a).

MULTIMEDIA SENSORY

PRESENTATION MEMORY WORKINGMEMORY LONG-TERM
(r ™ MEMORY

Words » FEars 551_‘59“;113 . Word orge_mi;ing_'_ Verbal Prior

words Sound Base e 1 Mental Model Knowledge
v
Pictures » Eves 5?1““118 N Visual 0rganizing= Pictorial
J mages Image Base images Mental Model

- /

Figure 1 Cognitive Theory of Multimedia Learning (obtainedm Mayer, 2005b).

CTML is grounded in Paivio’s (1991) dual codingdhg according to which
processing information from text and pictures yseido mental representations, namely a
verbal and a non-verbal representation. Accordinduial coding theory, text elements are
stored as logogens in the verbal representatioaresds picture elements are stored as
imagens in the non-verbal representation. Whemilegwith text and pictures, the chance
that two — instead of one — representations otrae information are constructed is larger
than when learning with text only. Accordingly, theantity of information stored in long-
term memory increases when learning with text aothiges. As information can not only be
directly activated by sensory input, but also byeading activation between and within these
mental representations, having two representationgemory increases the likelihood that
the correct logogen or imagen is activated andefbez increases the chance that information
is recalled.

In reference to dual coding theory, CTML predittattpictures are beneficial to
learning, because studying both text and pictureeases the chance that two representations
are constructed in memory than when learning veih only, based on which an integrated
representation can be constructed. CTML does natioredifferences in dual coding
between different types of information; thus it denassumed that this beneficial effect is
predicted irrespective of the learning content.

In contrast to this explanation that relies ondbestruction of a richer internal
representation and facilitated information retrieaa alternative explanation of the

12



multimedia effect focuses on facilitated informatiarocessing during learning, especially
when processing visuo-spatial information. Thisralative is addressed by the account of

computational offloading (Larkin & Simon, 1987).

1.3 Explaining the Multimedia Effect: Account of Computational Offloading

The alternative account of computational offloadimgposes that pictures are
beneficial to learning, because they require fevognitive resources for information
processing during learning, and hence mental mamtedtruction, than text (Larkin & Simon,
1987). This is especially the case when visuo-apiatiormation is processed (Ainsworth,
1999; Larkin & Simon, 1987; Scaife & Rogers, 199%&gcording to contemporary theories of
learning and memory, information processing dutgagning takes place in working memory.
Thus, it can be argued that the computational affilog approach suggests that pictures
enable more efficient use of working memory resesr€onsidering the focus of the
computational offloading approach on the processingsuo-spatial information, it can be
argued that offloading should be observable esly & the working memory system that is
responsible for processing visuo-spatial infornratimamely the visuo-spatial sketchpad
(which will be introduced in Section 1.6.1). In tfidlowing, assumptions derived from the
account of computational offloading concerning hinfermation is processed and knowledge
is constructed when learning from text only vergasning with text and pictures are

contrasted.

1.3.1 Information processing when learning with text only

Information processing when learning with text omiyially involves reading words
and sentences (e.g., reading “A plate is put ortable, a knife and fork are put next to it.”).
These words and sentences have to be interpretedf¢ek and knife are cutlery needed to
eat the food on the plate; Scaife & Rogers, 1989@)\asual search is applied to find and
group text elements that belong together (e.g.fdhe knife, and plate belong together; cf.
Larkin & Simon, 1987). After elaborating on the mewgy of the text and grouping elements,
these words and sentences can be used to elabartte representation that the text concerns
(e.g., the fork, knife, and plate on the table slioat the breakfast table is set; Denis, 1989;
Kintsch & Van Dijk, 1978). Without any reliance erternal visual support, the

understanding of this representation is used tatera@ mental representation (e.g., mental
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representation of a breakfast table that is setrdé@, de Beni, & Cornoldi, 2001). This
mental representation is stored in long-term memory

To be able to add meaning to the text and createrdal representation, imagery is
said to play an invaluable role (de Vega, Cocudm)if) Rodrigo, & Zimmer, 2001; ; Sadoski,
2001; Sadoski & Paivio, 2004). By means of imagerganing is added to text — especially
with regard to visuo-spatial information that reflevisuo-spatial information in the real
world — through generating or recalling mental iresgwhich reflect visuo-spatial
information from the real world, from long-term mem (e.g., image of a knife; Glasgow &
Papadias, 1995), through modifying these mentaj@ade.g., modify the image of the knife
so that it reflects a knife that is used for breakf, and through applying operations such as
image generation, maintenance, inspection, martipualeetc. to these images (e.g., mirroring
the image of the knife; Kosslyn, 1999). According3lenberg, Kruley, and Langston (1994),
these mental images can result in a mental repiasam (e.g., a mental image of the
breakfast table).

Although imagery allows creating a mental represt@m based on the text, it requires
a lot of cognitive resources to apply visual seatahnterpret text (Larkin & Simon, 1987), to
recall mental images, and to apply operationsésdlimages to create a mental representation
(Kosslyn, 1999). For example, Kirsh and Maglio (4pfbund that participants solved Tetris
problems more quickly, easily, and reliably wheoKimg at Tetris-pieces that they had turned
on the screen than when imagining Tetris-piecesthiey had turned in their heads. As
processing pictures does not require recalling al@miages and applying operations to these
images, picture processing is likely to be lesergorone and reduces the amount of cognitive

effort required to understand the learning material

1.3.2 Information processing when learning with text and pictures

Information processing when learning with text anetures, initially involves
automatically perceiving visuo-spatial informatiimom pictures (e.g., perceiving a round-
shaped object; Larkin & Simon, 1987). This relewantio-spatial information requires the
recognition of the depiction as opposed to therjomegation of words and sentences (e.g., the
object is recognised as a plate; Larkin & Simor87)9Visual search is required only to a
small extent as related elements can be grouppidtures (e.g., the fork is depicted next to

the plate; Larkin & Simon, 1987). After recognisithg visuo-spatial information, a mental
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representation can be created, whereby the picamde seen as an analogical — that is,
structure-preserving — expression of a mental sspr&tion (e.g., mental representation of a
breakfast table that is set; Glenberg & Langst®92] Gyselinck & Tardieu, 1999).

When extracting visuo-spatial information from atpre and creating a mental
representation, visuo-spatial perception, instdachagery, allows directly perceiving,
recognising, and using information from the picturkis information is used to add meaning
to the text (e.g., seeing at a breakfast tableisheat; de Vega et al., 2001; Kosslyn, 1999;
Scaife & Rogers, 1996; Zhang & Norman, 1994).

Compared to imagery, the process of visuo-spagiaigption is less error prone and
requires fewer cognitive resources than mental eng@s processing pictures does not
require recalling mental images and applying opanatto these images due to external visual
support (cf. Glasgow & Papadias, 1995). Therefpietures are assumed to be a transitory
step in transforming information into mental rem@sitions (Glenberg et al., 1994) and are
said to be computational offloading (Larkin & Simdm®87). Pictures thus facilitate the
construction of a mental representation (Gysel&dkardieu, 1999) and consequently elicit a

multimedia effect.

1.4 Differences between Cognitive Theory of Multimedia Learning and

Account of Computational Offloading

From these descriptions, it can be summariseddfML explains the multimedia
effect based on a richer mental representatioang-term memory, whereas the account of
computational offloading explains the multimediteet based on facilitated information
processing during learning. From these foci, thmggortance distinctions can be derived.

One important distinction between both theoretézaounts is that only the account of
computational offloading predicts that the beneafieiffect of pictures depends on the amount
of visuo-spatial information that needs to be pssegl, that is, how important visuo-spatial
information is for understanding the learning miale As visuo-spatial information can be
perceived more easily from pictures than from téxdan be argued that pictures are
especially computational offloading when visuo-gganformation is conveyed (cf. Larkin &
Simon, 1987; Scaife & Rogers, 1996). This wouldlyrtpat pictures are more computational
offloading the more important information visuo-8pkinformation is for understanding the

learning task. In contrast, CTML does not make amglictions concerning differences in
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mental representations based on the importanceswbspatial information. Accordingly, the
difference between CTML and the account of comjputat offloading concerning the
importance of visuo-spatial information can be stigated by comparing the multimedia
effect in task types that differ in how importamgwo-spatial information is for understanding
the learning material. The account of computatiafthbading would predict a larger
multimedia effect the more important visuo-spatié&rmation is for understanding, whereas
CTML would not predict differences in the size lbé tmultimedia effect between task types.

A second important distinction between both thecakaccounts is that the account of
computational offloading predicts that differengeeformation processing during learning
account for the differences between task typesacksrding to Baddeley (1986) working
memory is responsible for information processingrdulearning and task types can be
distinguished based on how important visuo-spatfafmation is for understanding the task,
it can be argued that cognitive resources in wgrkmemory are used to a different extent
depending on the type of task. In contrast, althougrking memory also plays an important
role in CTML, CTML does not make predictions comirg information processing in
working memory depending on the type of task. Adoagly, this difference between CTML
and the account of computational offloading cambpestigated by comparing working
memory involvement in different types of tasks whearning with text and pictures. The
account of computational offloading would predidtetences in information processing
between task types, whereas CTML would not preslich differences.

A third important distinction between both theoratiaccounts is how working
memory is assumed to be involved when learning teith only versus text and pictures. The
account of computational offloading argues thatyves are computational offloading,
implying that processing text only requires morgrative resources than processing pictures.
In contrast, CTML predicts that picture processiaguires more visuo-spatial information
processing than text processing, as CTML doesaket tontemporary research concerning
the role of the visuo-spatial sketchpad during fertessing into account (see also Section
1.6.1). Accordingly, this difference between CTMhdahe account of computational
offloading can be investigated by comparing workimgplvement when learning with text
only versus learning with text and pictures. Thecant of computational offloading would
predict that working memory involvement is highdrem learning with text only than when

learning with text and pictures, whereas CTML wopitddict the opposite.
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To summarise, the three important differences betw&TrML and the account of
computational offloading pertain to their predicsoconcerning 1) whether the beneficial
effect of pictures depends on the amount of viguattal information processing that is
required by a certain task type, 2) whether infdramaprocessing in working memory differs
between task types, and 3) whether informationgesiag in working memory differs
between processing text only or processing textpactdres.

In the following, the concept of task type, whiadncerns the use of visuo-spatial
information in different types of tasks, and th@oept of working memory, which concerns
information processing during learning, are introeliin more detail. These concepts are
used to investigate the differences between CTMlLthe account of computational

offloading and contrast these accounts.

1.5 Task Types

In this dissertation, the concept of task typesiscuto distinguish between tasks that
differ in how important visuo-spatial informatios o understand the learning material. In
multimedia research based on CTML, evidence fobtreeficial effect of pictures has often
been treated equally, even though tasks convegrdiit types of information and therefore
differ in how important visuo-spatial informatios fior understanding the learning task. For
example, pictures have been used to illustrate dmwains are organised in terms of their
constituting elements and interrelations, how metdah systems work, or how to perform a
certain procedure. In line with Reigeluth and S{@i®83), | will refer to tasks conveying
these types of information as conceptual, causdl paocedural tasks, respectively. It is yet
unclear whether the multimedia effect is equaktely to appear for these task types, as could
be expected based on CTML. Certainly, there ar¢imedlia studies for each task type;
however, these studies differ on a variety of disiems (e.g., type of picture used, difficulty
of materials, learning outcome measures; see Tabteaking it difficult to make a definite
statement concerning the size of the multimediectfior these task types. This issue can be
addressed by studying the multimedia effect fordifilerent task types within one
experiment. In the following, for each task typefiding features are identified, an example
taken from published multimedia research is desdriland how information is distributed
across text and pictures is discussed. These gasns show how task types differ in their

use of visuo-spatial information to represent teddkvant information.
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1.5.1 Conceptual tasks

In conceptual tasks, conceptual structures areitdesicand depicted (Hiebert &
Carpenter, 1992; Reigeluth & Stein, 1983). A comgalpstructure reflects (instances of)
concepts and their relationships. Concepts retateset of objects, symbols, or events, which
are composed of and can be decomposed into tHeirdecharacteristics and relationships
between those characteristics (Mervis & Rosch, 1L98Mhen learners have learned a concept,
they are able to identify, recognize, classify,alié®, and make predictions about instances of
this concept, and are able to assign previouslyowk entities to a known concept
(Reigeluth & Stein, 1983). In research on the eftécombining text and pictures,
conceptual tasks were for example used by Hanmiglgina (1999). Hannus and Hyoné
used textbook passages concerning snakes, handsldj grasshoppers, ferns, and birds
nesting in holes. Most pictures showed the gerstratture of an organism or showed two
organisms that resembled each other to point @it ithterrelations (e.g., discriminating
features).

In the conceptual tasks used in Experiment 1 afs@ Figure 2 for an example), the
text conveyed information concerning non-observata-visual aspects (e.g., in the text
was described that the person who is called Mre®&ircle is the Mayor of the town
Bandelop) and also concerning the nature of relaligps between objects (e.g., it was
described in the text that Miss Pink Heart is saitdave an affair with Mr. Purple Arc),
whereas the pictures conveyed visual aspects ardsence of relationships amongst
objects (e.g., the picture showed that Miss Pin&rHis related to two other people in town),
however not the nature of these relationships,(&.@yas not shown in the pictuh®w Miss
Pink Heart is related to the two other people).dngntly, in conceptual pictures, the spatial
arrangement of elements typically does not refipetial arrangement of elements in the real
world (e.g., the physical distance in the pictueéAieen Miss Grey Cloud and Mr. Yellow
Rectangle was not the same as their distance iregthevorld). Instead, space is used in a
metaphorical way, meaning that space representeptual relatedness of elements on more
abstract levels (e.g., the physical distance irptbire showed that Mr. Blue Circle is more
closely related to Mrs. Green Rectangle than tsNimk Heart). Therefore, the feature to
which this relatedness refers can typically notdsal off from the picture, but has to be

inferred from the text.
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Bandelop is a village in Pandanstan. The village has 17
inhabitants. Mr Blue Circle is the Mayor and has four @ @ @
children. Yellow and Green Circle are siblings and are 8

years old. Mr Circle’s oldest son often plays with

Purple. He is the baker’s son. Purple also has some l

other friends. Apart from that, Orange is Purple’s

girlfriend. She is living on the opposite side of the

street. Her mum often visits the baker and helps him @

with cleaning the house. In the meantime, he makes

cake and bread for the other people living in the n

village. There is a rumour saying that they are having
an affair. Another rumour says that the music school l l

teacher, Mrs Note, is interested in Mrs Triangle.
However, Mrs Note has a husband, Mr Hexagon. @ i E
Therefore, this rumour is probably not true. A fourth

woman is living in the village, Ms Grey Cloud. She is
homeless and is ignored by the others. In spite of that,
she feels at ease in Bandelop. She has been chased off
from other villages in the past. She has built her
cardhoard house next to the sports field. That’s where
Mr Hexagon and Mr Arch are playing headball every

Sunday morning. Once a year, all inhabitants gather @

for a banquet, except of course Ms Grey Cloud. On
December 31th they celebrate the old year and the
coming of the new. L

Figure 2.Example of a conceptual task used in ExperimertdL2 (original version was in

German).

1.5.2 Causal tasks

Causal tasks are probably the most frequently tesas in multimedia research. In
causal tasks, cause-and-effect chains are desarizbdepicted. A cause-and-effect chain
reflects a change in something and the consequensemething else (Mayer, 2009b;
Reigeluth & Stein, 1983). When a learner has laheneausal relationship, s/he is able to
identify why something happened (i.e., cause) ahdtwill happen as a result of this cause
(i.e., effect; Reigeluth & Stein, 1983). In prevsoesearch on the effect of combining text
and pictures, causal tasks were for example usédayer and Gallini (1990) who used
learning material in which text and/or picturesweyed the causal chain of events leading to
a bike tyre being pumped.

In the causal tasks used in Experiment 1 and 2Rggee 3 for an example), the text
and the picture conjointly conveyed information ceming the important components of the
system, that is, its configuration and the undagyinematics (Hegarty & Just, 1993).

Components were typically mentioned in the texd.(et was described in the text that the
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bucket is part of some sort of balance) and thsirosspatial appearance and arrangement
was shown in the picture (e.g., the picture shothatithe bucket is attached to a rope and
that a stone is attached to the other end). Regpedcausal system’s kinematics, text was
typically used to explain the underlying principlesg., it was described in the text that a
stone travels a long way through the air and fatls a container), whereas the spatial
arrangement of components provided information eaming the functional relationships
amongst the components (i.e., how the components eomnected and thus how changes in
one component would affect another; e.g., a twifgant of the stone stops it from rolling
down the hill). Importantly, in causal picturesg tbpatial arrangement of components does
not represent conceptual relatedness as was tedarasonceptual pictures; instead, the
spatial arrangement best reflects the spatial lagswbserved in the real world (i.e., physical
similarity), which was also relevant to the systerfuinctioning (e.g., the egg above the
bucket is also above the bucket in real life ammghthat the egg can roll into it). In many
cases, and also in the present materials, arravssad to help learners to better understand
the kinematics of the system and to infer causalityausal tasks (e.g., Heiser & Tversky,
2006; Imhof, Scheiter, & Gerjets, 2011; Munzer, f8du& Briinken, 2009; Tversky, Heiser,

Lozano, MacKenzie, & Morrison, 2008).
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One of the things people in Pandanstan eat is eggs.
The birds who lay the eggs shouldn’t be disturbed and
therefore live a long way from the village. Because of
that, the inhabitants of a village in Pandanstan
invented a machine to give a notification when there
are enough eggs to be collected. When the birds lay
their eggs in their nests, the eggs roll into a grey
bucket. This bucket is part of some kind of balance.
With an increasing number of eggs in it, the bucket
sinks towards the earth. When the bucket hits the
ground, it makes a wheel turn around very slowly.
However, this movement is enough to make a twig
move from its original position. This twig stops a large
stone from rolling down a hill. So by removing the
twig, it is possible for the stone to roll down the hill.
This stone hits a larger stone. This makes a small
stone be catapulted into the air. Because of the size of
the large stone, this smaller stone travels a long way
through the air. This is necessary because the birds
live far away from the village. In the village, the stone
falls into a container. This container has several
compartments. Depending on the compartment in
which the stone falls, it is then decided which farmer
inthe village has to collect the eggs.

Figure 3.Example of a causal task used in Experiment 12afudiginal version was in

German).

1.5.3 Procedural tasks

In procedural tasks, procedural structures arectigpiand described. A procedural
structure reflects the temporal order and spatiationships between actions that are
intended to achieve a goal (Arguel & Jamet, 2008nBe, Taylor, Rapp, & Spiro, 2006;
Reigeluth & Stein, 1983). A procedure is often refd to as a skill, a technique, or a method.
When learners have learned a procedure, they kwewtd do something (Reigeluth & Stein,
1983). Some procedural tasks convey proceduregjigtthg only the transformations of
elements (i.e., showing a sequence of statesesul of the performed actions). In previous
research on the effect of combining text and pegua procedural task conveyistgteswas
for example used by Stone and Glock (1981). They ursstructional material in which a text
and/or picture conveyed the states when assembloupboard. Other procedural tasks
conveyactionsby describing/depicting the interactions betweedybparts and elements. A
procedural task conveying actions was for exampéal by Michas and Berry (2000). They
used instructional material in which a text anghimture described/depicted the actions
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required for bandaging a hand. In the studies tedan this dissertation, both types of
procedural tasks were used.

In the procedural tasks used in Experiment 1 afs®@ Figure 4 for an example) in
which states were depicted, multimedia materiademeled that of causal tasks in several
ways. Specifically, the text and the picture comilyi conveyed information about the
important elements (i.e., what was subject to th®a) and how these elements were
transformed (e.g., the text and picture conveyegdeathat becomes bent). These elements
were typically mentioned in the text (e.qg., it vegescribed in the text that this tree is called a
Beetree), and their visuo-spatial appearance aadgement was shown in the picture (e.g.,
the picture showed that the Beetree is brown asdtiaangle shaped trunk), as with
components in a causal task. Importantly, in pracadictures, elements are often shown
multiple times to illustrate the changes in tharedats (e.g., in the picture the Beetree was
shown several times to illustrate changes in itsyjalue to the actions that are performed
(e.g., Brunyé et al., 2006; Stone & Glock, 1981gg&ding the transformations of these
objects, text is typically used to explain the uhdeg principles and goals (e.g., it was
explained in the text that the Beetree needs toebé to obtain drinkable juice), whereas the
spatial arrangement of objects and their varyiatestprovides information concerning causal
and temporal relationships (e.g., the picture slibwgevthe tree needs to be bent so that the
juice can be obtained). Moreover, the spatial laydunultiple pictures is used to reflect the

temporal order of actions. Here, earlier elememtestprecede subsequent states.
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Beetree juice is a delicacy in Pandanstan. It can be
obtained from a small tree called Beetree. However, a
careful bending of the tree is necessary to get
drinkable juice. First, the trunk cables are fixed in the
ground, in so that the force to bend has an optimal
effect. When they are both fixed, they are brought up
to the top of the tree, in equal sized spirals and
parallel. Then the tree is bent so that it has the shape
of a wave. It is important that the branches spring
from the inner side of a bow. This is only possible
when the right distance between the cables is chosen.
The angle between the trunk and the cable should be
45 degrees. By using this angle, the tree trunk doesn’t
break. After bending the trunk, the tree has to be left
untouched for one month. After that, the cables are
removed. In the meantime, blisters that contain juice
grow on the trunk. Barrels are put on the ground to
collect the juice. Then a hole is punched in these
blisters. This allows the Beetree juice to drip out of
the blisters. The barrels are collected after two hours.

" g

Figure 4.Example of a procedural task used in Experimeantd.2 (original version was in

German).

In the procedural tasks used in Experiment 3 (sg&r€& 5 for an example) in which
pictures depicted actions, visuo-spatial inforntaticas used in the same way, except that the
text and pictures also conveyed body parts of ther gperforming the actions (e.g., the text
and picture conveyed to put your arm under thamistarmpit). As a consequence,
kinaesthetic information that involves informatialbout the position and movement of the
actor’s body parts required to perform the actiwas included (e.g., it was conveyed that
when sitting down in squad position, a foot shdaddblaced on either side of the victim’s
body; cf. Ryle, 2000). Another difference was ttet included action-related words to
describe the actions that had to be performed,wdiie assumed to trigger imagery (e.g.,
kneel at the side of the victim; Fischer & Zwaa@0®&). Therefore, procedural tasks
describing actions can be assumed to trigger inyagdrereas procedural tasks describing
states do not. When imagery is triggered, this dm¢sutomatically imply that the process of

imagery is successful, as imagery requires a lot@ital resources and is error prone (as is
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discussed in Section 1.3.1). Especially when vispatial information in 3D space is

conveyed, imagery could be more error prone thakihg at a picture.

Rautek

Kneel at the left side of the victim. Put your right
foot behind his head.

Put your right hand in his right armpit. Put your left
hand from the back in his left armpit. Make the
victim sit down with a continuous move. Put your
body behind the victim. Put your arms under his
armpits. Put one lower arm of the victim in
horizontal position in front of his chest. Put your - ’
hands with closed fingers and thumbs around the

lower arm. Sit down in squat position with your feet ﬁ

at each side of the victim and as close as possible to
the victim.

Lift the victim by stretching your legs. Carry the
victim backwards away from the spot.

L AN
&

Figure 5.Example of a procedural task used in Experimgoriginal version was in Dutch;
obtained from Henny, 2006).

To summarise, in procedural tasks, the arrangeofentormation in space can be
used in three ways. First, space can reflect theovspatial arrangement of elements as
present in the real world. Second, space can b@@dagnto time, by illustrating different

states of the elements. Third, space can be uga@s$ent actions performed on the elements.

1.5.4 Linking theoretical accounts to task type

From the descriptions of these task types, it @aodmcluded that there are clear
differences amongst multimedia materials for coheapcausal, and procedural tasks. These
differences between conceptual, causal, and proakdisks pertain, among other things, to

how important space is for understanding the legrmaterial. In conceptual tasks, spatial
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arrangement is used metaphorically to represenspatial relationships amongst objects.
This implies that spatial arrangements in conceépasks can be changed (e.g., mirrored
horizontally or vertically) without losing its meiag, and that the critical information about
relationships amongst objects should be obtairad the text. In contrast, in causal and
procedural tasks, the spatial arrangement of elesmeithe picture, map the spatial
arrangement and order in the real world. This iggthat the spatial arrangement of objects
cannot be changed without changing its meaninglaaticcritical information about
relationships amongst objects can be obtained fhenpicture. As the critical information
about relationships amongst objects should be ddarom the text in conceptual tasks and
from the picture in causal and procedural tasksart be argued that in causal and procedural
tasks, visuo-spatial information is more importfmtunderstanding the learning material.

As according to the account of computational offiog, pictures facilitate
information processing during learning especialhew visuo-spatial information is
processed, it can be argued that more computatodthadding is possible when more visuo-
spatial information is processed: with more vispat&l information, imagery is more
necessary for understanding when learning fromdekt, implying that pictures are more
computational offloading. Therefore, based on twant of computational offloading, it can
be predicted that pictures are beneficial in congdpcausal, and procedural tasks (i.e., a
multimedia effect is expected for all task typdm)t that this beneficial effect is larger in
causal and procedural tasks than in conceptuad {@gk, the size of the multimedia effect is
expected to be larger in causal and proceduras thsin in conceptual tasks).

In contrast, CTML predicts that pictures are benafito learning, because two codes
are stored in memory, but does not allow assuntiagdtudying tasks that differ in how
important visuo-spatial information is for understang the learning material, will lead to
differences in dual coding. Therefore, based on CTiMcan be assumed that pictures are
beneficial in conceptual, causal, and procedusigdi.e., a multimedia effect is expected for
all task types), and that this beneficial effedimilar across task types (i.e., the size of the
multimedia effect is expected to be the same idrmak types).

As described before, the three important differermetween CTML and the account
of computational offloading pertain to their pra@as concerning whether the amount of
visuo-spatial information required for understamgdine learning material, affects multimedia

learning (cf. concept of task type), and wheth&rmation processing in working memory
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differs during multimedia learning (cf. conceptvabrking memory). As the concept of task
type has been described in detail in section hégconcept of working memory is introduced
in more detail in section 1.6. Here, the most comijased model concerning working
memory in the field of multimedia learning, nam8lgddeley’s working memory model
(1986; Section 1.6.1) and how working memory ineohent can be assessed (Section 1.6.2)
is introduced first. After that, an overview of @asch that has been published concerning
information processing in working memory in multidie learning is provided (Section

1.6.3). Finally, the discrepancy between empiniealilts and theoretical predictions are
described (Section 1.6.4) and hypotheses concetinenlgeneficial effect of pictures and the
role of working memory during learning are propoégedction 1.6.5).

1.6 Working Memory Involvement during Multimedia Learning
1.6.1 Structure of working memory

Baddeley’s working memory model (1986) posits thatking memory consists of
multiple subsystems: the central executive, thenplagical loop, and the visuo-spatial
sketchpad. The central executive is assumed tedmonsible for a) coordinating and
monitoring the phonological loop and the visuo-gdatketchpad, b) linking these subsystems
to long-term memory, c) switching attention betwéasks, d) allocate attention to (parts of
the) stimuli, e) assigning information processioghe of the subsystems, and f) updating and
controlling working memory contents (Baddeley 1986)ith & Jonides 1999). As the central
executive was assumed to have no storage capiheiys difficult to explain all processes for
which the central executive was held responsibherdfore, newer versions of the model also
include the episodic buffer (Baddeley, 2000).

The episodic buffer allows temporary storage obinfation from both the
phonological loop and the visuo-spatial sketchgadhat this information can be combined
and integrated with prior knowledge (Baddeley, 200@ie phonological loop is responsible
for processing and storing verbal information, biatthe form of spoken and written words
(see also Footnote 1). Therefore, the phonolodpogl is assumed to be involved during text
processing when learning with multimedia. The vigaat of the visuo-spatial sketchpad is
assumed to be responsible for processing visuaactaistics of objects, such as shape and
colour (Logie, 1995), whereas the spatial parssuaned to be responsible for processing

spatial and relational information, such as posjtend movement control, such as eye
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movements (Lawrence, Myerson, Oonk, & Abrams, 2Q@bje 1995; Logie & Marchetti
1991). Therefore, the visuo-spatial sketchpadssimed to be involved during picture
processing, motor control, and kinaesthetic infaromaprocessing. This distinction between
the phonological loop and visuo-spatial sketchmagfocessing verbal versus visuo-spatial
information respectively has been adopted by CTMawever, more recent working memory
research has shown that this distinction is tamgdttforward (Gyselinck et al., 2007) by
showing that text content addressing visuo-spatfarmation is processed in the visuo-
spatial sketchpad instead of the phonological Idtys is in line with the idea that visuo-
spatial information processing such as imagery i&cicuthe visuo-spatial sketchpad.
Therefore, the visuo-spatial sketchpad is not asumed to processes pictures, but is also
assumed to be involved during mental imagery (Beyd@012; Smyth & Pendleton, 1990).
This assumption is a prerequisite for the accotinbmputational offloading, as visuo-spatial
perception is assumed to enable computationalawfita in the visuo-spatial sketchpad
compared to the more effortful and error prone gssof imagery (see Section 1.3.1).

1.6.2 Assessing working memory involvement

The working memory subsystems are said to havaitelil capacity to process
information, which implies that only a limited anmdwf information can be processed at the
same time (Baddeley, 1999). When two tasks invoif@mation processing in different
subsystems (e.g., studying a picture and listeturagspoken text) this information can be
processed relatively independently from each otHewever, when two tasks require
information processing in the same subsystem (eading a written text and listening to a
different spoken text), it is probable that notiatbrmation can be processed at the same
time, which leads to interference between the &e#d and thereby impaired performance on
one or both tasks (Baddeley, 1999).

To investigate information processing in workingmuey during learning, the dual
task approach can be used. This approach allowsurieg the load of working memory
subsystems when performing the primary task, s ¢hse multimedia learning. The
underlying principle of performing the dual taskhat this task requires the resources of one
of the working memory subsystems and thereforeesauerference with the learning task

(Andrade, 2001). If learning outcomes are affettgg@erforming this dual task, it can be
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concluded that the working memory subsystem thatlaaded by the dual task was involved
during learning (Baddeley, 1992).

The involvement of working memory subsystems dul@agning can be assessed
using a secondary task and a preload task (Ande&dd,; Cocchini, Logie, della Sala,
MacPherson, & Baddeley, 2002). The most commongg ukial task is the secondary task
(see Schuler, Scheiter, & van Genuchten, 2011 fevi@w), which involves performing a
secondary task during the primary task. Performsingh tasks during learning is assumed to
require resources in one of the working memory gstiesns (Andrade, 2001). The
involvement of working memory subsystems duringriegy can also be measured using a
preload task, which involves memorising informatim@fore performing the primary task and
judging whether this information is identical teetimformation presented after performing the
primary task (cf. Cocchini et al., 2002). Irrespeeif the type of dual task, stronger
interference between the dual task and informair@eessing implies stronger involvement
of the working memory subsystems during perforntiregprimary task. Such interference
can, for example, be measured by comparing leawumbgpmes of participants who learned
with dual task and participants who learned withdwel task. If there is interference,
participants in the dual task condition will hawakr learning outcomes than participants
who learned without dual task.

To measure the involvement of the central executasgdom generation secondary
tasks can be used. In these tasks, random sequeecgsnerated by the participant during
learning by naming letters or numbers or by tappegs or pedals in a random order (e.qg.,
Baddeley, Emslie, Kolodny, & Duncan, 1998). It igu#ed that these tasks not only require
information processing in one of the subsystem&otogxample, process letters, but also
additional resources in the central executive ev@nt uttering common sequences, such as
‘123’ and ‘abc’. As always one of the working memsubsystems is involved, at least two
random generation tasks should be used: one lodgenghonological loop and one loading
the visuo-spatial sketchpad. To my knowledge, mboad task exists to measure the
involvement of the central executive. Also, to nmptvledge, no dual task or preload task has
yet been developed to measure the involvementeoépisodic buffer.

To measure the involvement of the phonological losing a secondary task, the
articulatory suppression task can be used. Intdsis, syllables, words, or numbers are

repeated in a particular order at a particular ghceng learning (Murray, 1967). The purpose
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of this task is to disturb rehearsal and recodingedbal information during the learning task
(Gathercole & Baddeley, 1993). When using a pretaall, a verbal stimulus, such as a list of
words, can be presented before the learning tasichvinas to be recalled after learning (e.g.,
Cocchini et al., 2002).

To measure the involvement of the visuo-spatiatcdifgad using a secondary task, the
finger or foot tapping task can be used (Della Salay, Baddeley, Allamano, & Wilson,
1999; Miyake, Emerson, Padilla, & Ahn, 2004). Thessks interfere with visuo-spatial
information processing, because spatial motor tesdnsire motor control, which, like the
processing of visuo-spatial information from tekpectures, is handled by the visuo-spatial
sketchpad (Baddeley, 1986). When using a prela&d gavisuo-spatial stimulus, for example
a matrix partly filled with dots, is presented heftearning and has to be recalled after
learning (e.g., KruleySciama, & Glenbergl994).

In previous research, the dual approach has beshtasnvestigate the role of
working memory during multimedia learning. The fésof these studies concerning the

involvement of the working memory subsystems asedieed next.

1.6.3 The role of working memory during multimedia learning

The assumption of limited capacity of the workingmory subsystems has been
adopted by CTML (Mayer, 2005b), which is used witRiTML as the grounding for the main
argument that certain types of learning materiaksworking memory resources more
efficiently than other types of learning materiad¢so, the assumption of distinguishing
between the phonological loop as the subsystenonssile for text processing and the visuo-
spatial sketchpad as the subsystem responsibpedimire processing is adopted by CTML
(Mayer, 2005b), although this assumption is ndine with contemporary research
(Gyselinck et al., 2007). However, the role of teatral executive or the episodic buffer is
not made explicit, although CTML assumes that Vesibd pictorial information are
integrated with each other and with prior knowledgesearch investing the role of the
central executive, phonological loop, and visuctigpaketchpad using the dual task approach

is described in the following.
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1.6.3.1 Role of the central executive

The role of the central executive during multimddi@ning has to my knowledge
only been investigated by Brunyé et al. (2006).yTéeamined working memory processes
using secondary tasks while studying procedurabktésat focused on how to assemble
Kinder Egd"™ toys in text-only, multimedia (i.e., text and pict), and picture-only format.
Their tasks conveyed procedures by describing apétting states, but did not describe
interactions between objects and body parts opénson performing the actions. Participants
performed either a random generation articulatasi br a random generation tapping task to
load the central executive, an articulatory suppogstask to load the phonological loop, or a
spatial tapping task to load the visuo-spatial@kead. Learning outcome tasks involved
verifying whether two sequence steps appeareckeicdirect temporal order, describing each
sequence, and recalling in which format the prooeeas studied. Their results showed that
performing a random generation dual task interfenede with learning when studying text
and pictures than studying text only or pictureypmlhich indicates that the central executive

is involved in multimedia learning.

1.6.3.2 The role of the phonological loop

The role of the phonological loop during multimetiiarning has been investigated
several times. The results of the study by Brurtyad.€2006) described earlier showed that
the articulatory suppression secondary task intedfevith text processing, but not with
picture processing. This result indicates thatpthenological loop was involved only in text
processing.

Kruley et al. (1994) examined working memory praasswhile studying causal tasks
concerning biology and physics, using preload tlasks. They presented 32 tasks in text-
only or multimedia format in a within-subjects dgsi The pictures represented the structural
relationships between the parts of the object destiin the text. The learning outcome task
involved three multiple-choice questions, whichtedghe participants’ comprehension of the
material. They investigated the involvement of phenological loop using a verbal preload
task and found that this preload task impairedquarénce in both the text-only and text-
picture condition, indicating that the phonologi@dp was involved in text processing. In
contrast, the presentation of a picture did nduerice performance when using a verbal

preload task, indicating that the phonological leags not involved in picture processing.
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Gyselinck,Ehrlich, Cornoldi, de Beni, and Dubqi000) also examined working
memory processes using preload dual tasks whitlyistg causal tasks that described basic
notions of physics. They presented six tasks itr@eky or multimedia format in a within-
subjects design. The pictures represented the atemeentioned in the sentence and the
causal and temporal relationships between thenrniregpoutcomes tasks involved testing
factual information that was explicitly given inethext and involved testing students' ability
to draw inferences from several sentences. Thelgeumi confirm the involvement of the
phonological loop as found by Brunyé et al. (20&6J Kruley et al. (1994).

Finally, GyselinckCornoldi, Dubois, de Beni, and Ehrli¢2002) used the same
learning material and learning outcome measurdsjsed secondary tasks. Their results
confirmed the results from Brunyé et al. (2006) &ndley et al. (1994) that the phonological
loop was involved in text processing, but not ictpie processing: the articulatory
suppression task impaired learning in both conaltjavithout affecting the advantage of

picture presentation.

1.6.3.3 The role of the visuo-spatial sketchpad

The aforementioned studies also invested the fdleeovisuo-spatial sketchpad. The
results of Brunyé et al. (2006) showed that theigp@pping secondary task interfered only
with picture processing, which indicates that tisug-spatial sketchpad was involved in
picture processing, but not in text processing.

Kruley et al. (1994) investigated the involvemehthe visuo-spatial sketchpad using
a visuo-spatial preload task. They found that thmiltimedia learning tasks loaded the visuo-
spatial sketchpad, because when only spoken textts presented, there was no interference
with the visuo-spatial preload task, whereas thexe interference when both text and
pictures were presented. These results show teatisho-spatial sketchpad was involved in
processing both picture and matrices, but notxhpgeocessing.

Gyselinck et al. (2000) could not confirm the ink@&ent of the visuo-spatial
sketchpad as found by Kruley et al. (1994). Howgetlex results Gyselinck et al. (2002)
confirmed the results from Kruley et al. (1994)tttiee visuo-spatial sketchpad is involved in
picture processing, but not in text processing:sibetial tapping task impaired learning when

text and pictures were presented, but not whenolytwas presented.
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1.6.4 Discrepancy between computational offloading account, recent working
memory research and empirical results

To summarize, the results of Brunyé et al. (2088)Jey et al. (1994), and Gyselinck
et al. (2002) show that the phonological loop wa®ived in processing text during learning
— irrespective of whether learning material wasspreged as text and pictures or text only —
but not in picture processing, and that the vispatial sketchpad was involved in picture
processing, but not in text processing. Only Bruetyél. (2006) investigated the involvement
of the central executive, confirming the assumptiaat the central executive is involved
when multimodal information is presented.

The results of Brunyé et al. (2006), Kruley et(&R94), and Gyselinck et al. (2002)
are surprising from the computational offloadingnp@f view and from contemporary
working memory research concerning the involvenoéiie visuo-spatial sketchpad during
text processing. As described before, when comigaghagery and picture processing, it
seems to require more mental effort to generater@ahimage (cf. Kirsh & Maglio, 1994), to
interpret text (Larkin & Simon, 1987), to recall ntal images, and to apply operations to
these images (Kosslyn, 1999) than to perceive ¢hehbpicture (Larkin & Simon, 1987).
Therefore, based on the idea that pictures are atatipnal offloading, the visuo-spatial
sketchpad would expected to be more — insteadssf-e involved when processing visuo-
spatial information when learning with text onlyathwhen learning with text and pictures.

A possible explanation for this discrepancy is thé#hough imagery may play an
important role during mental model constructiomirtext only, learners in the text-only
conditions did not apply imagery to understand imngtnorise the text. Instead, they might
have used verbal encoding strategies, which redgufivemation processing in the
phonological loop (cf. Mayer & Sims, 1994). Empalicesearch has shown that learners
indeed do not always spontaneously apply imagemnglearning; rather, they need to be
explicitly instructed to apply imagery during learg. Previous research on mental imagery in
causal tasks has shown that instructing particgpmapply imagery enhanced learning for
these tasks compared to a control condition in kvparticipants were not instructed to apply
imagery (e.g., Hegarty, Kriz, & Cate, 2003a; Hegalarayanan, & Freitas, 2003b).
However, in studies using procedural tasks conyggitions, instructing participants to
imagine the motor actions did not enhance learteng, golf putting [Woolfolk, Murphy,

Gottesfeld, & Aitken, 1985], tennis serve [WeinheBpuld, Jackson, & Barnes, 1980;
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Epstein, 1980). Taken together, this could impbt gharticipants often fail to spontaneously
engage in imagery when studying causal tasks ardftire benefit from imagery
instructions, whereas participants spontaneousiga@® in imagery when studying procedural
tasks that convey actions and therefore do notfthdrem imagery instructions. If imagery is
indeed not applied when learning with text only,lo@d on the visuo-spatial sketchpad and
no interference with the dual task is evoked. lygrarticipants who learned with multimedia
processed visuo-spatial information, this couldi@xpthe interference between the dual task
and learning with pictures. Based on this postoitatit can be argued that when investigating
working memory involvement during learning with texly versus text and pictures,

procedural tasks that convey actions should beiders.

1.6.5 Linking theoretical accounts to working memory

When combining this description of the concept ofking memory with CTML and
the account of computational offloading, differen¢dictions regarding the involvement of
working memory during learning with multimedia da@ derived. These predictions refer to
1) working memory involvement as a function of tagke and 2) the role of working
memory when learning from text only versus text piodures. These predictions are
addressed in two experiments.

When considering the predictions concerning workiremory involvement as a
function of task type, CTML would predict that albrking memory subsystems are involved
when learning with text and pictures. Also, as CTpEdicts no difference in the size of the
multimedia effect between task types (see Sectivd)l CTML would also predict no
differences in the roles of these subsystems betiteesk types. In case of the visuo-spatial
sketchpad, CTML does not predict differences betwtask types, because CTML does not
consider recent findings that show visuo-spatiatdkpad involvement during processing of
visuo-spatial text content. In contrast, the actafiromputational offloading would predict
differences in information processing between tgpks, as pictures are assumed to be
computational offloading especially when visuo-gdahformation is important for
understanding the learning task. The account ofpeational offloading would argue that
the visuo-spatial sketchpad is more involved insehand procedural tasks, as mental
imagery is more likely to be applied when taskstamnmore visuo-spatial information and

visuo-spatial information is more important for enstanding the learning material, than in
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conceptual tasks. The account of computationabaffing does not make predictions
concerning the involvement of the central executind phonological loop. As existing
studies do not allow any firm conclusions concegrtire role of working memory in different
task types, because their learning tasks varieatlgrehe role of working memory is
reassessed within a single study (i.e., ExperifBgnh which task-unrelated characteristics
and learning outcome measures for each task type eoatrolled.

When considering the predictions concerning the oblworking memory when
learning from text versus text and pictures, CTMawd predict that picture processing
requires more visuo-spatial information processivamn text processing, as pictures are
assumed to be processed in the visuo-spatial kadolvhereas text is not. In contrast, the
account of computational offloading would prediwattthe visuo-spatial sketchpad is more
involved when learning with text only than whenrléag with text and pictures, as imagery

is assumed to require more cognitive resourceswisaio-spatial perception.

1.7 Hypotheses

In the previous sections of this introduction, theltimedia effect and two theoretical
accounts that explain the multimedia effect haventsiscussed. To summarise, the Cognitive
Theory of Multimedia Learning (CTML) predicts thattures are beneficial to learning,
because two codes are stored in memory, whereactioeint of computational offloading
predicts that pictures are beneficial to learnbegause they facilitate information processing
in working memory. Three important differences begw CTML and the account of
computational offloading were discussed, whichaierto their predictions concerning
whether the amount of visuo-spatial informationuieed for understanding the learning
material affects multimedia learning (cf. conceptask type), and whether information
processing in working memory differs during multoireelearning (cf. concept of working
memory). Both theoretical accounts make differeatlctions concerning 1) the size of the
multimedia effect in different task types, 2) warfimemory involvement in different task
types, and 3) the role of the visuo-spatial skeachip working memory when learning with
text only or with multimedia. In this dissertatidhree experiments are described that aim at
testing these predictions, to contrast both themalediccounts and obtain insight into why

pictures are beneficial to learning.
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In Experiment 1, the effect of the importance aua-spatial information and thus of
task type for the multimedia effect is investigat€d ML would predict that there will be a
multimedia effect for conceptual, causal, and pdocal tasks, and that the size of this
multimedia effect is the same for all task typesgaal coding of information when learning
with multimedia should occur irrespective of tagkd. The account of computational
offloading would also predict a multimedia effeot Eonceptual, causal, and procedural tasks.
However, in contrast to CTML, it would predict thhis multimedia effect is larger in causal
and procedural tasks than in conceptual taskssas-gpatial information seems to be more
important for understanding in causal and procddasks than conceptual tasks.

In Experiment 2, the effect of the importance @&wa-spatial information on working
memory involvement is investigated. CTML would potdhat the central executive, the
phonological loop, and the visuo-spatial sketchaadinvolved when learning with
multimedia, and that there are no differences betvwamnceptual, causal, and procedural tasks
in working memory involvement. In contrast, the @aat of computational offloading would
predict that the involvement of the visuo-spatiatshpad increases when visuo-spatial
information becomes more important for understagdire learning task. Therefore, it would
predict that the involvement of the visuo-spatiatshpad is higher in causal and procedural
tasks than in conceptual tasks. No differences é@tvweonceptual, causal, and procedural
tasks would be predicted concerning the involvenoétite central executive and
phonological loop.

In Experiment 3, the account of computational @flmg is tested by comparing the
involvement of the visuo-spatial sketchpad whennlieg with text only or with multimedia,
in procedural tasks that are assumed to triggegémya CTML would predict that the visuo-
spatial sketchpad is more involved when learnint wiultimedia than when learning with
text only, as the visuo-spatial sketchpad is assiimée involved only in picture processing.
In contrast, the account of computational offlogdivould predict that the visuo-spatial
sketchpad is more involved when learning with X than when learning with multimedia,

as imagery requires more mental resources thao-@gatial perception.
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2 Experiment 12

Existing studies do not allow any firm conclusi@wcerning the explanation of the
beneficial effect of pictures in multimedia leamitasks that differ in how important visuo-
spatial information is for understanding the tdsGause they vary on too many task-
unrelated dimensions and on how learning outcomeegauged. Accordingly, the purpose of
the first experiment was to investigate the multimeeffect for conceptual, causal, and
procedural tasks within a single study, while coltitig for task-unrelated characteristics and
using the same learning outcome measures for aakhype. CTML, of which the
explanation of the multimedia effect is based oal doding, would predict a multimedia
effect for conceptual, causal, and procedural taekd that the size of this multimedia effect
is the same for all task types. The account of agatpnal offloading, which focuses on
facilitated information processing during learnimgguld also predict a multimedia effect for
conceptual, causal, and procedural tasks. Howevepntrast to CTML, it would predict that
this multimedia effect is larger in causal and pharal tasks than in conceptual tasks as
visuo-spatial information is more important for enstand in causal and procedural tasks than

in conceptual tasks.

2.1 Method
2.1.1 Participants and design

A 2x3x3 design was used, with presentation typiadetween-subject variable, and
task type and information source as the within-sctbyariables. Sixty-five university students
(49 female and 16 mal®j = 23.54 yearsSD = 3.34), of which approximately half of the
students were psychology students and the othehadlvaried university backgrounds, were
randomly assigned to one of two presentation typepending on presentation type, students
received just a text (text-only conditiom= 32) or a text accompanied by a picture
(multimedia conditionn = 33). All students studied materials of the thisesk types —

conceptual, procedural, and causal tasks. Fortea&hthree sources of information were

2 This experiment has been published as: van Geencht, Scheiter, K., & Schiiler, £2012). Examining
learning from text and pictures for different tagges: Does the multimedia effect differ for contcegh, causal,

and procedural task€omputers in Human Behavior, ,2809-2218.
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defined — information given in text only, in textdpicture, or in picture only. Levie and
Lentz (1982) suggest that greater clarity concertine beneficial effect of pictures can be
obtained by distinguishing between information sesr Students received either payment or

course credit.

2.1.2 Materials and measures
2.1.2.1 Learning tasks

Nine learning tasks were developed of which threesvzonceptual, three causal, and
three procedural. Each student studied six outesd nine learning tasks, two from each
type. All tasks were set in a fictitious countryeiosure that prior content knowledge was
limited. By using fictitious material, it was alpossible to make these tasks as comparable as
possible (e.g., number of propositions, degreeveflap between information given in the
text and picture, structure of the text, styleraf trawings), and to create unrelated tasks, in
so that information from one task did not influepezformance on other tasks. Each task
contained 1/2 A4-page written text, which was acgeanied by one composite picture in the
multimedia condition. A propositional analysis (Bav& Kieras, 1985) showed that the total
number of propositions (i.e., in text and in pies)in conceptual tasks was on average 125,
in causal tasks 143, and in procedural tasks 1@2alFtasks, the number of propositions only
mentioned in the text ranged from 68 to 77, memiibanly in the picture from 28 to 66, and
mentioned in both text and picture (i.e., overl@pin 10 to 18. The tasks were presented on a
computer screen.

The conceptual tasks focused on concepts andréiaironships. Conceptual tasks
used in this experiment concerned the relationghgbseen inhabitants of a village (see
Figure 2), the relationships between tribes ant treede connections, and an animals’ food
hierarchy. The causal tasks focused on cause-dad-ehains. Causal tasks used in this
experiment concerned a machine to notify a villagehabitants that eggs should be collected
(see Figure 3), a machine to send a message tof dmer gods, and a machine to warn for
danger. The procedural tasks focused on the termn@odsspatial relationships between states.
Procedural tasks used in this experiment concdmoadto bend a tree to obtain drinkable

juice (see Figure 4), how to build a tent, and howew a headscarf.
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2.1.2.2 Post-tests

To test how much knowledge students had obtairethal and pictorial test items
were used. Four dependent variables were congtrércien these items. For three types of
tests (free recall, recall verification accuraayd aransfer verification accuracy) a distinction
was made between information sources (informatieangin text only, in picture only, or in
both text and picture; within-subject variable) efourth dependent variable was integration
verification accuracy, for which no distinction eien information sources was made: in
these questions, information from the text hadeantegrated with information from the
picture, implying that both sources were needeshwer these questions correctly.

In the free recall test, students wrote down amavdzverything that they remembered.
| created a propositional scoring system for eask tising the propositional analysis that |
also used to count the total number of proposititmghis scoring system, it was ensured that
one point could be assigned to each relevant pikcgormation. If the same piece of
information was recalled twice (e.g., once in e and once in the drawing) only one point
was awarded. To assess the inter-rater reliability,raters coded 20% of all texts and
drawings. The Cohen’s kappa was .71, which is caned good (Landis & Koch, 1977). The
remaining 80% was scored by a single rater onlyd&its could score between 0 and 1
proportion recalled.

In the recall verification tests, students answemesino recall verification questions.
For each task type, they answered nine verbal igmsstrom three information sources. Three
guestions addressed information only given in éx¢ ¢e.g., The son of the baker has a
girlfriend), three addressed information only giverthe picture (e.g., Hexagon’s name is
Yellow), and three addressed information givenathltext and picture (e.g., Blue Circle has
five children). They also answered six pictoriatifreation questions for each task from two
information sources. Three addressed informatidy ginen in the picture (see Figure 6a)
and three addressed information given in bothdextpicture (see Figure 6b). One point was
assigned to each correct answer. From these gosstioee dependent variables (from the
three information sources) were constructed. Tloeeah each task, students scored for
information from text only between 0 and 3 (i.er, three verbal items), whereas for
information from text-picture and picture only, déunts scored between 0 and 6 (i.e., for three

verbal and three pictorial items).
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In the transfer verification test, students ansaems/no transfer verification
guestions. For each task type, they answered mralvquestions of which three addressed
information only given in the text (e.g., If the ya&t moves to the same street as Orange, then
he lives in the same street as the baker), threlessked information only given in the picture
(e.g., If children are born, they never have thraesaolour as their parents), and three
addressed information given in both text and pecterg., If Red would be a circle, then all
children would be circles). One point was assigiweglach correct answer. From these
guestions, three dependent variables (from the timfermation sources) were constructed. In
each task and for each variable, students scotagbr 0 and 3.

In the integration verification test, students aed yes/no integration verification
guestions. They answered three questions per@ekpoint was assigned to each correct
answer. To be able to answer these questionsmatoon from the text and information from
the picture needed to be integrated. In each saglients scored between 0 and 3. An

example is given in Figure 6c¢.

Backer
a) b) c)

Figure 6.Example of pictorial verification questions (a djdand an integration verification

guestion (c).

For the recall verification accuracy, transfer freation accuracy, and integration
verification accuracy questions, it was ensuretl tih# of these statements were correct
(requiring a ‘yes’ answer by pressing the ‘yes’tbnton the button box) and half of the
statements incorrect (requiring a ‘no’ answer lgsging the ‘no’-button). This implies that
the chance of answering a question correct by qugsss .50. All verification questions

were presented on a computer screen.

2.1.3 Procedure
Before starting the experiment, students gave thiarmed consent, and filled in a
demographic questionnaire. Then, students perfotmedlocks. Each block consisted of
three learning tasks (one of each task type) astiests for each task. Each student studied
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six tasks in total, whereby the selection of tdstsn each task type was random. The post-
tests were conducted in the same order in whiclmiterial was learned. For the free recall
task, the order of drawing and writing was couraéabced. Students were allowed to write
for a maximum of five minutes and to draw for a imaxm of five minutes for each task.
Before students answered the verification quesidnise first learning task, they saw an
example of a verbal, a pictorial, and an integratjaestion. Then participants answered all
verbal questions, after that all pictorial itemsd after that all integration questions. The
verbal, pictorial, and integration verification gtiens were presented in random order within
each type of question. After the first block, stuidenad a short break in which the student
and the experimenter played the game MiK§d®oth learning and post-test phase (except

for free recall) were learner-paced. The duratibar@ session was between 2 and 2.5 hours.

2.1.4 Data analysis

To be able to investigate the multimedia effectdonceptual, causal, and procedural
tasks, for different information sources when cdasng different types of learning
outcomes, four mixed ANOVAs were conducted. Theedelent variables for these analyses
were free recall, recall verification accuracynster verification accuracy, and integration
verification accuracy. The between-subjects fast@as presentation type. As within-subjects
factor, task type (conceptual, causal, procedwal included. For free recall, recall
verification accuracy, and transfer verificatiorra@cy, information source (information
given in text only, text and picture, or picturdyrwas included as a second within-subjects
factor. The main effects of task type and of infation source, and the interaction between
task type and information source are not repodad,to the lack of meaningful
interpretations and the lack of theoretical rel@eafthese effects merely say something about
the relative difficulty of the learning materialsdathe post-test questions). All statistical
assumptions for the reported tests were met. Adices are reported as significanpat .05.
Partial eta-squared was used as effect size, whitdcts the amount of variance that is
explained by a model when other non-error sour€gamance are partialled out (Cohen,
1973). Here, .01, .06, and .14 correspond to smmat/ium, and large effect sizes respectively
(Cohen, 1988). For significant overall effects, Bwroni post-hoc tests were conducted.
Also, in the case of a significant interaction begtw presentation type and task type, contrasts

were used to determine how the multimedia effefé¢idid as a function of task type. In
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particular, these tests assessed how the size dliffierence between the text-only and the
multimedia condition (i.e., the size of the multoireeeffect) varied between conceptual,

causal, and procedural tasks.

2.2 Results
Descriptive statistics are provided in Table 2.dverview of the results for the

multimedia effects is provided in Table 3.

2.2.1 Free recall

The results of the mixed ANOVA with free recalldgependent variable showed a
main effect of presentation typE((, 63) = 66.66p < .001,r],;,2 =.51) implying that students
in the multimedia conditionM = .50,SD = .11) learned more than students in the text-only
condition M = .33,SD=.12). This means that there was a multimediecefHowever, it
should be noted that this main effect was qualibigdeveral interactions between
information source, presentation type, and task.typ

First, there was a significant interaction betwtsesk type and presentation type€Z,
62) =6.03p< .Ol,r],;,2 = .16). Post-hoc comparisons showed a multimefteatan all task
types; however, the size of the multimedia effeffeced between task types. Helmert
contrasts showed that the difference between #teotdy and the multimedia condition (i.e.,
the multimedia effect) was smallest in conceptua eausal tasks, and largest in procedural
tasks (conceptual vs. causal and procedural tagks63) = .78p = .38; causal vs.
proceduralF(1, 63) = 12.11p < .01; conceptual: text-onl = .34,SD = .13, multimedia:

M =.49,SD=.13,p< .OOl,r]p2 =.32; causal: text-only = .37,SD= .12, multimediaM =
.52,SD=.07,p< .OOl,np2 = .41; procedural: text-onlyl = .29,SD= .12, multimediaM =
51,SD=.12,p<.001,n,% = .54).

Second, the interaction between information soarckpresentation type was
significant (2, 62) = 139.43p < .001,r],;,2 = .82). Post-hoc comparisons showed that there
was no multimedia effect for text questiops--(.76,r],:,2 <.01; text-onlyM = .21,SD= .08;
multimedia:M = .21,SD = .06). However, there was a multimedia effecttéot-picture
guestionsg < .OOl,n,o2 = .40; text-onlyM = .60,SD=.17; multimediaM = .79,SD=.13),
and a larger multimedia effect for picture questi¢n< .001,r],;,2 =.72; text-onlyM = .20,
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SD=.10; multimediaM = .51,SD = .13). Polynomial contrasts showed that the bffees
between the text-only and multimedia condition. (itee size of the multimedia effect) for
text, text-picture, and picture questions incredsegirly (1, 63) = 283.21p < .001).

Finally, the results showed a significant three-udagraction between information
source, task type, and presentation ty§(d,(60) = 2.90p = .03,r]|02 =.16; see Figure 7).
Post-hoc comparisons showed, for conceptual tasksjultimedia effect for text questions (
=.72,n,° < .01), a multimedia effect for text-picture quess @ < .001,n,” = .21), and a
larger multimedia effect for picture questiop>s<(.001,r],;,2 = .55). Similarly, for causal tasks,
the results showed no multimedia effect for tex@égjions p = .61,r]|02 <.01), a multimedia
effect for text-picture questionp € .OOl,r]p2 =.23), and a larger multimedia effect for
picture questiongx(< .OOl,r]p2 =.72). For procedural tasks, the results showmadlémedia
effect for all sources of information. This effecas smallest for text questions= .04,r]p2 =
.06), larger for text-picture questiorns< .001,r]p2 = .46), and largest for picture questiops (
< .001,r]|02 = .64). Helmert and polynomial contrasts yieldesigmificant quadratic trend
indicating that the difference between the texty@md the multimedia condition (i.e., the size
of the multimedia effect) for text-picture quessan procedural tasks was larger than for
text-picture questions in conceptual and procedasks (conceptual vs. causal and

proceduralF < 1; causal vs. procedur&(l, 63) = 11.83p < .01).

42



@ 0.4
9
'g 0.35 =
o
c 0.3 /A
c .
'-g -/ -'7.'
o / i
€ = 025 =7

c e
QO 9 R
o8& o2 .
&= / o ---&-+ Conceptual
o /
5 £ 015 & --¢--Causal
o <
3 £ / S —a— Procedural
c 2 01 2

B4
8 = / Ky
~— Y4
2 0.05 S5
4
38 . &
of 0 ¢ . .
S Tgxt Text & picture  Picture
o -0.05
= .
a Information source
-0.1

Figure 7.The difference in means between the multimediathedex-only condition for free

recall as a function of information source and tygle

2.2.2 Recall verification accuracy

The results of the mixed ANOVA with recall verifitan accuracy as depend
variable showed a main effect of presentation {F(1, 63) = 19.60p < .OOl,r]p2 =.24)
implying that students in the multimedia condit{M = .80,SD= .13) learned more the
students in the texdnly condition M = .73,SD=.13). This means thatdle was ¢
multimedia effect. Again, this main effect was diiedl by several interactions betwe
information source, presentation type, and task.

First, there was a significant interaction betwtssk type and presentation tyjF(2,
62)=8.11p< .Ol,r]p2 =.21). Pos-hoc comparisons only showed a multimedia effe:
procedural tasks (conceptual: +-only: M = .75,SD= .13, multimediaM = .79,SD=.15,p
= .08,r]|o2 = .05; causal: texpnly: M = .76,SD = .13, multimediaM = .78,SD=.13,p = .27,
r]p2 =.02; procedural: texanly: M = .69,SD= .13, multimediaM = .82,SC =.12,p < .001,
Ny = .42).

Second, the interaction between information soarckpresentation type w
significant £(2, 62) = 20.01p < .OOl,r]p2 =.39). Postioc comparisons showed that th
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was no multimedia effect for text questiops*—(.26,r],;,2 =.02; text-onlyM = .87,SD= .14;
multimedia:M = .84,SD = .14). However, there was a multimedia effecttéot-picture
guestionsg < .Ol,r],;,2 =.14; text-onlyM = .75,SD = .12; multimediaM = .81,SD=.11),
and a larger multimedia effect for picture quesdign< .001,r],;,2 = .51; text-onlyM = .58,
SD=.12; multimediaM = .74,SD = .14). Polynomial contrasts showed that the dbffee
between the text-only and the multimedia condifian, the size of the multimedia effect) for
text, text-picture, and picture questions incredseghrly (1, 63) = 36.97p < .001).

Finally, the results showed a significant three-wdgraction between information
source, task type, and presentation ty§(d,60) = 3.31p = .02,r]|02 =.18; see Figure 8).
Post-hoc comparisons showed, for conceptual taskg.a multimedia effect for picture
questions (textp = .47,n,° < .01; text-picturep = .19,n,° = .03, picturep < .01,n,” = .14).
For causal tasks, the results showed no multimeftkat for text questionp(E= .24,r]|02 =
.02), however did show a multimedia effect for tpidture questiong(= .04,r]p2 =.06), and
an equally large multimedia effect for picture dieess ( = .03,r]|02 =.07). Similarly, for
procedural tasks, the results showed no multimeffigect for text questionp (= .97,r]p2 <
.001), however did show a multimedia effect fort{picture questiongp(= .Ol,r]p2 =.12),
and a larger multimedia effect for picture questi¢gn< .OOl,r]p2 =.59). The Helmert and
linear contrasts showed that the difference betweemext-only and the multimedia
condition (i.e., the size of the multimedia effefct) text, text-picture, and picture questions
increased in all task types, however that thisdase was larger in procedural tasks than in
causal tasks (conceptual vs. causal and procediural; causal vs. procedurd(l, 63) =
7.57,p=.01). Also, the Helmert and quadratic contrgstikled a quadratic trend showing
that the increase in differences between the tekt-#nd the multimedia condition for text,
text-picture and picture questions was strong@racedural tasks than in causal tasks

(conceptual vs. causal and procedufat 1; causal vs. procedur&(l, 63) = 5.13p = .03).
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Figure 8.The difference in means between the multimediathedex-only condition for

recall verification accuracy as a function of imf@tion source and task ty
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2.2.3 Transfer verification accuracy

The results of the mixed ANOVA with transfer vecdtion accuracy as depend
variable showed no main effect of presentation {F(1, 63) = 3.18p = .08,r]p2

implying that in general students in the multimecbadition M = .69,SD=.13), did not

learn better than students in the -only condition M = .66,SD=.21). This means that the

was no multimedia effect.

There was also no significant interaction betweesk type and presentation ty|F(2,

62) = 1.84p = .17,n,° = .06), implying that the differences between thespntation type

were the same for all task typ

However, the interaction between information sowce presentation type w

significant E(2, 62) =5.21p = .Ol,r]p2 =.14). Post-hoc compaons showed that there w

no multimedia effect for text questiorp = .26,r]p2 =.02; text-onlyM = .74,SD= .19;

multimedia:M = .71,SD=.19) and for te>-picture questiongy(= .33,r]|02 =.02; text-onlyM

=.62,SD=.19; multimediaM = .65,SD= .17). However, there was a multimedia effect
picture questiong(< .Ol,r]p2 =.13; text-onlyM = .61,SD=.24; multimediaM = .72,SD=
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.21). Polynomial contrasts showed that the diffeeglmetween the text-only and the
multimedia condition (i.e., the size of the multoireeffect) for text, text-picture, and picture
guestions increased linearky(Q, 63) = 10.58p < .01).

Finally, the results showed no significant thregrivderaction between information
source, task type, and presentation ty§(d,60) = 1.38p = .25,r]|02 =.08), implying that the
difference between the presentation types weredhe in each task type for each

information source.

46



Table 2

Means and Standard Deviations for Free Recall, R&t=xification Accuracy, and Transfer Verificatigkccuracy as a Function of Picture-

presentation condition, Information Source, andklagpe

Picture-presentation Text-only Multimedia
condition
Information source Text Text-  Picture Text Text- Picture
picture picture
Dependent variable  Task type M M M M M M
(SD) (SD) (SD) (SD) (SD) (SD)
Free recall Conceptual 22 .58 21 21 75 51
(proportion (.10) (.18) (.11) (.07) (.16) (.16)
recalled) Causal 21 71 .20 .20 .85 .50
(.08) (.17) (.09) (.05) (.07) (.09)
Procedural 19 51 .18 .22 .78 .52
(.06) (.16) (.12) (.05) (.14) (.14)
Recall verification Conceptual .88 .81 57 .85 .85 .68
accuracy (.15) (.13) (.11) (.15) (.14) (.16)
(proportion correct) Causal .85 .78 .65 .80 .83 71
(.15) (.12) (.12) (.16) (.08) (.13)
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Procedural .87 .67 .53 .87 .76 .82

(.14) (.12) (.13) (.12) (.12) (.12)

Transfer Conceptual .68 .55 44 .66 .60 .66
verification (.22) (.17) (.26) (.18) (.16) (.25)
accuracy Causal .80 .64 .67 74 .65 g7
(proportion correct) (.18) (.21) (.23) (.21) (.22) (.20)
Procedural 74 .67 71 72 .70 72

(.19) (.22) (.23) (.19) (.13) (.20)
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2.2.4 Integration verification accuracy

In the final test, a mixed ANOVA was conducted witkegration verification
accuracy as dependent variable. The results shawmain effect of presentation tydg(q,

63) = 10.19p < .Ol,r]p2 =.14), implying that students in the multimedandition (M = .79,
SD=.14) performed better than students in the oeg-condition 1 = .69,SD = .20). This
means that there was a multimedia effect.

However, the interaction between task type andgntesion type was also significant
(F(2,62)=4.41p= .02,r]|02 =.13). Post-hoc comparisons showed that thereawas
multimedia effect in conceptual tasks< .Ol,r],;,2 =.15; text-onlyM = .66,SD=.19;
multimedia:M = .80,SD = .15), and a multimedia effect in causal tagks (Ol,r],[,2 =.14;
text-only:M = .71,SD=.22; multimediaM = .85,SD = .13). Surprisingly, there was no
multimedia effect in procedural tasks=% .79,r]|02 <.01; text-onlyM = .71,SD=.19;
multimedia:M = .72,SD = .15). Helmert contrasts showed that the multimedfect was
equally large in conceptual and causal tasks, araler in procedural tasks (conceptual vs.
causal and procedur&(1, 63) = 2.15p = .15; causal vs. procedur&kl, 63) = 6.11p =
.02).

Table 3
Overview of Significance of the Multimedia Effentl dhe Effect Sizes;,f) as a Function of

Task Type and Information Source

Freerecall Recall Transfer Integration
verification verification verification

accuracy accuracy  accuracy

Text Conceptual - - -
<.01 .01 <.01
Causal - - -
<.01 .02 .02
Procedural + - -
.06 <.01 <.01
Text-picture Conceptual + - - +
21 .03 .02 15
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Causal + + - +

.23 .06 <.01 14
Procedural + + - -
46 12 .01 <.01
Picture Conceptual + + +
.55 14 .16
Causal + + -
72 .07 .05
Procedural + + -
.64 .59 <.01

2.3 Discussion

The aim of the first experiment was to investigatether the beneficial effect of
pictures differs between task types that diffel@m important visuo-spatial information is
for understanding the learning material. Thereftre,sizes of the differences between a text-
only and a multimedia condition (i.e., the sizeshaf multimedia effect) for conceptual,
causal, and procedural tasks were compared. Fauniihg) outcome measures (i.e., free recall,
recall verification accuracy, transfer verificatiaocuracy, and integration verification
accuracy) and three information sources (i.e. rinégion given in text only, in text and
picture, or in picture only) were used. CTML woulcedict that the multimedia effect is
equally large in these task types, whereas theuat@ computational offloading would
predict that the multimedia effect is larger ingedural and causal than in conceptual tasks.

The results showed a multimedia effect for fremlierecall verification accuracy, and
integration verification accuracy. However, in@lses, this main effect was qualified by
interactions. For both free recall and recall veaifion accuracy, there was a three-way
interaction between the multimedia effect, tasketygnd information source. In case of free
recall, for conceptual tasks, no multimedia efigas found for text questions, a multimedia
effect was found for text-picture questions, artidrger multimedia effect was found for
picture questions. The same pattern was founddosa tasks. For procedural tasks, a
multimedia effect was found for all information soes, which was smallest for text

guestions, larger for text-picture questions, amddst for picture questions. Irrespective of
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information source, the multimedia effect was latge procedural tasks, and equally large in
causal tasks and conceptual tasks.

In case of recall verification accuracy, a ratherlar pattern was found. For
conceptual tasks, a multimedia effect was foung @l picture questions. For causal tasks,
no multimedia effect was found for text questidmsyever an equally large multimedia
effect was found for text-picture and picture gigest. For procedural tasks, no multimedia
effect was found for text questions, a multimedfaa was found for text-picture questions,
and a larger multimedia effect was found for pietquestions. Irrespective of information
source, there was a multimedia effect only for pohoal tasks.

Furthermore, for integration verification accurattigre was a two-way interaction
between the multimedia effect and task type (inftron source was not included as in these
guestions, because information from the text haaketmtegrated with information from the
picture, implying that both sources were needeshwer these questions). Here, the opposite
pattern was found: the multimedia effect was egualige in conceptual and causal tasks, and
there was no multimedia effect in procedural tasks.

Finally, even though there was no multimedia effectransfer verification questions,
there was an interaction between the multimediecetind information source. Here, the
results showed a multimedia effect only for pictqreestions.

The results of the first experiment seem to supip@taccount of computational
offloading best, as the multimedia effect diffetetween task types and the multimedia
effect was larger in procedural tasks than in cphe tasks, for free recall and recall
verification accuracy. The results also seem tetpCTML as the multimedia effect was
equally large in causal and conceptual tasks.

However, the results from Experiment 1 were noiagisvas expected by either CTML
or the account of computational offloading. Onexpeeted result was that the multimedia
effect was larger in procedural tasks than in dalas&s. An explanation for this result could
be that there were overall differences betweenguhoral versus causal tasks in the challenges
imposed onto learners. It could be argued thatguho@al tasks were more complex than
causal tasks, because procedural tasks requirBdspaial mental representation. Due to
these differences in complexity, the instructiongbport provided by the pictures — as
opposed to the more error prone process of imagemyay have had a larger impact for the

more complex procedural tasks. This may have beeodse particularly because the
51



procedural pictures provided depth cues (e.g.pe gwes behind a branch), which supported
learners to construct the required 3D spatial meapesentation of the procedure.

Another unexpected result was that for integratierification accuracy questions the
pattern of the size of the multimedia effect waaatly opposite. Here, the multimedia effect
was largest in conceptual tasks and smallest iogpiaral tasks. A possible explanation for
the small and non-existing multimedia effect ing@wand procedural tasks respectively, is
that for the questions in these two task typesasd easy enough to guess the correct answer
compared to the corresponding questions for coneépasks. This interpretation receives
some support when looking at the high means ferie@asure of students in the text-only
conditions (chance level: .50; conceptdl= .66; causalM = .79; proceduraM = .71).

Even though students in the text-only conditionaresaw the picture, which was required to
answer these items, for causal and procedural taggsnevertheless scored high, suggesting
that no pictorial support was required. This waisthe case for performance in the text-only
condition for conceptual tasks, where studentsfqoerance was only slightly above chance
level, suggesting that here there was opportunityniprovement. Accordingly, pictures
aided integration verification performance for cepiual tasks, however less so for causal
and procedural tasks.

A final unexpected result was that a multimediefivas found for transfer questions
only when considering picture questions. This resah be seen as surprising, because Mayer
(2009b) repeatedly found a multimedia effect fansfer questions. A possible explanation
for this discrepancy is that in Mayer’'s and othgreximents, information source was not
taken into account. It is possible that the muldraesffect in these studies is also found only
for questions that heavily rely on information piaded only in the picture. However, as
typically no distinction is made between informatgources, this cannot be examined.
Regardless of whether this is indeed the casegthdts from this experiment show that
incorrect conclusions can be made concerning theflmal effect of pictures, when
information source is not taken into account. Thaee similar to Levie and Lentz (1982), |
suggest that future studies, if possible, starhtakhis distinction into account.

Taken together, from a theoretical point of viewg juestion whether the multimedia
effect can be explained best by CTML or the accaficomputational offloading cannot be
fully answered yet. In Experiment 2, this quesi®again addressed by focusing on whether

information processing in working memory differsween task types.
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3 Experiment 2

To further investigate the relative contribution@fFML and the account of
computation offloading for explaining the multimadiffect, working memory involvement
during learning from text and pictures was gaugadgithe dual task approach to assess
whether differences in information processing dgitearning account for the differences
between task types. Accordingly, the purpose oktmnd experiment was to investigate
working memory involvement when studying conceptaalisal, and procedural, using the
same learning materials and outcome measurestagariment 1. Here, CTML, which
focuses on dual coding, would predict that the redeixecutive, the phonological loop, and
the visuo-spatial sketchpad are involved when iegrwith multimedia, and that there are no
differences between conceptual, causal, and proaktisks in working memory
involvement. In contrast, the account of computstioffloading, which focuses on
facilitated information processing, would predicat the involvement of the visuo-spatial
sketchpad is higher when visuo-spatial informatgomore important for understanding the
learning task. Therefore, it would predict that itmeolvement of the visuo-spatial sketchpad
is higher in causal and procedural tasks than mceptual tasks. No differences between
conceptual, causal, and procedural tasks woulddmigted concerning the involvement of

the central executive and phonological loop.

3.1 Method
3.1.1 Participants and design

121 participants (95 female and 26 maer 24.23 yearsSD = 3.70) were randomly
assigned to one of five conditions. A 5x3x3 desigis used, with dual task (i.e., with vs.
without) as between-subject variable, and task {ype conceptual vs. causal vs. procedural)
and information source (i.e., text only vs. texttpres vs. picture questions) as within-subject
variable. Depending on condition, participants perfed 1) no dual task (i.e., control
condition;n = 25), 2) a dual task to load the phonologicapl@ce., PL conditionn = 25), 3)
a dual task to load the visuo-spatial dual tagk,(WSSP conditiom = 24), 4) a dual task to
load the central executive with a verbal comporfeat, CE-PL conditionn = 22), or 5) a
dual task to load the central executive with a @ispatial component (i.e., CE-VSSP

condition;n = 25). As in Experiment 1, all participants stutlireaterials of the three task
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types. Also, for each task, the same sources ofnrdtion were defined. Participants received
either payment or course credit.

3.1.2 Materials and measures
In Experiment 2, the same materials were used Bgperiment 1 with a few

exceptions.

3.1.2.1 Multimedia learning materials

The six tasks (two from each task type) that seemest beneficial to learning in
Experiment 1 and in which integration verificatignestions were least easy to guess were
again used in Experiment 2. Only six tasks werel tigeeduce the required number of
participants. The selected conceptual tasks coaddire relationships between inhabitants of
a village (see Figure 2) and an animals’ food m@ma The causal tasks concerned a machine
to notify that eggs should be collected (see Fi@)yr@nd a machine to warn for danger. The
procedural tasks concerned how to bend a treettorotirinkable juice (see Figure 4) and
about how to sew a headscarf. For the selected,tdektotal number of propositions (i.e., in
text and in pictures) in conceptual tasks was @rage 128, in causal tasks 148, and in
procedural tasks 127. For all tasks, the numberapositions only mentioned in the text
ranged from 68 to 75, only in the picture from 8886, and in both text and picture (i.e.,

overlap) from 10 to 18.

3.1.2.2 Post-tests

The same post-test items as in Experiment 1 waye (see Section 2.1.2.2). In
addition, a free transfer test was conducted. énfitbe transfer test, participants answered
three open transfer questions. A scoring systemonesegted that contained the information
constituting a correct answer. Based on this sga@ystem, each answer was allotted two
points when the answer was correct, one point Waiseal when the answer was partly
correct, and zero points were allotted when thevansvas incorrect. For example, the correct
answer to the question “Who has to join so thatalh are playing headball together?” was
Yellow Rectangle. Two points were allotted whendnewer was “Yellow Rectangle”. One
point was allotted when “Yellow Rectangle”, butatne or more other persons were

mentioned. Also, one point was allotted when orast pf the name was mentioned and
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thereby causing ambiguity. Zero points were altbttdien “Yellow Rectangle” was not
mentioned. To assess the inter-rater reliabilviig taters coded all answers. In cases where

the raters disagreed, the raters discussed thecaias\d came to a joint decision.

3.1.2.3 Dual tasks

To load the three working memory components, fawal dasks were used. To load the
phonological loop (PL), the number repetition tasls used, in which participants spoke the
number 1 to 4 in the same order, one number pensgeduring learning (e.g., Baddeley,
Eldridge, & Lewis, 1981). To load the visuo-spaskétchpad (VSSP), the foot tapping task
was used, in which participants tapped four foatgb&on the floor with their right foot in
clockwise order and one pedal per second duringitez (e.g., Miyake et al., 2004). To load
the central executive (CE), the random number rigpe{based on Brunyé et al., 2006;
Baddeley et al., 1981) and random foot tappingséBkunyé et al., 2006) were used, in
which participants spoke the numbers 1 to 4 oradgpe four foot pedals in random order,
respectively. The pedals for the foot tapping taskse arranged in a rectangle, which was 27

cm wide and 32 cm long. The size of each pedaléras wide and 9 cm long.

3.1.3 Procedure

The procedure for Experiment 2 was similar to trecedure of Experiment 1. One
difference was that participants who had to perfardual task were instructed to perform this
dual task during studying the instructional matlefidey were informed that if they would
stop speaking numbers or stop pressing the penfalivé seconds, a beep would remind
them to keep on performing the dual task. Afteséhimstructions, they practiced their dual
task for two minutes, while hearing a metronome thdicated the length of a second. Only
participants in the dual task conditions perforrtiezldual task while studying all six learning
tasks. Another difference was that participant$quered the free transfer test after the other
learning outcome measures. They were allowed armanriof 5 minutes to answer all three

guestions. The duration of one session was bet@é&eand 3 hours.

3.1.4 Data analysis
To be able to investigate the role of working meyrinrconceptual, causal, and

procedural tasks, for different information souredgen considering different types of
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learning outcomes, five mixed ANOVAs were conductBte dependent variables for these
analyses were free recall, recall verification aacy, free transfer, transfer verification
accuracy, and integration verification accuracye between-subjects factor was dual task.
The dual task conditions were the control, spegKimgt tapping, random speaking, and
random foot tapping condition tasks. In the spegikiondition, the phonological loop was
loaded by the dual task (i.e., PL condition), ia fhot tapping condition the visuo-spatial
sketchpad (i.e., VSSP condition), in the randonakjpeg condition the verbal part of the
central executive (i.e., CE-PL condition), andhie tandom foot tapping task the visuo-spatial
part of the central executive (i.e., CE-VSSP coad)t As within-subjects factor, task type
(i.e., conceptual, causal, procedural) was incluéed free recall, recall verification accuracy,
and transfer verification accuracy, information eeu(i.e., information given in text only, text
and picture, or picture only) was included as asdavithin-subjects factor. As for
Experiment 1, the main effects of task type anshfafrmation source, and the interaction
between task type and information source are pairted.

Furthermore, a mixed ANOVA was conducted with sttiche as dependent variable,
task type as within-subjects factor, and dual tesketween subjects-factor, to make sure that
possible differences between conditions were nettdudifferences in study times.

All statistical assumptions for the reported testse met. All effects are reported as
significant atp < .05. Partial eta-squared was used as effectismesignificant overall

effects, Bonferroni post-hoc tests were conducted.

3.2 Results

Descriptive statistics are provided in Table 4.

3.2.1 Free recall

The results of the mixed ANOVA with free recalldependent variable showed a
main effect of dual task~(4, 116) = 5.10p < .Ol,r],;,2 =.15). Post-hoc comparisons showed
that learning outcomes in the control conditivh% .58,SD = .11) where higher than in the
CE-PL condition M = .45,SD= .15;p < .01), but were the same as in the PL conditMm(
.55,SD=.11;p = 1.00), the VSSP conditioM(= .57,SD=.10;p = 1.00), and the CE-VSSP
condition M = .59,SD=.12;p = 1.00). This implies that the dual task only ifeeed with

information processing during learning when thel dask loading the central executive had a
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verbal component. Furthermore, learning outcomélsarCE-PL condition were lower than
in all other conditionsp < .05).

The results did not provide evidence for a sigatfic2-way interaction between task
type and dual task(8, 230) = 1.56p = .14,r]p2 =.05), a 2-way interaction between
information source and dual tagk(8, 230) = 1.88p = .06,r]p2 =.06), nor a 3-way
interaction between information source, task typel dual taskH(16, 346) = 1.22p = .25,
r]p2 =.04), implying that the differences between daak conditions were the same in each

task type for each information source.

3.2.2 Recall verification accuracy

The results of the mixed ANOVA with recall verifigan accuracy as dependent
variable showed a main effect of dual taBkd( 116) = 8.27p < .001,r]|02 =.22). Post-hoc
comparisons showed that learning outcomes in the@acondition U1 = .81,SD = .06) were
higher than in the CE-PL conditiop € .001;M = .72,SD=.07), but were the same as in the
PL condition M =.79,SD=.06;p = 1.00), the VSSP conditioM(= .79,SD= .07;p = 1.00),
and the CE-VSSP conditiop € 1.00;M = .82,SD= .06). This implies that — again — the
dual task only interfered with information processduring learning when the dual task
loading the central executive had a verbal compbremthermore, learning outcomes in the
CE-PL condition were lower than in all other coratis p < .01).

The results also demonstrated a significant 2-wggraction between task type and
dual task (8, 230) = 2.12p = .03,r],;,2 =.07), implying that the difference between diaak
conditions differed between task types. Post-heoparisons provided evidence that for
conceptual tasks, learning outcomes in the CE-Ridition were lower than in the remaining
conditions (control conditiorm = .79,SD= .08; PL conditionM =.79,SD=.10; VSSP
condition:M = .81,SD=.09; CE-PL conditionM =.70,SD=.13; CE-VSSP conditioM =
.82,SD=.10;p = .03). In causal task, learning outcomes in thr&rol condition were higher
than in the CE-PL condition (control conditiavi:= .86,SD= .08; CE-PL conditionM = .71,
SD=.09;p <.001), and higher than in the VSSP conditidn=.77,SD= .10;p = .02); the
control condition did not differ from the PL condit (M = .81,SD=.10;p = .59), nor from
the CE-VSSP conditiorM = .83,SD=.09;p = 1.00). Also, learning outcomes in the CE-PL
condition were lower than in all other conditiopgénging from < .001 to .01) except from
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the VSSP conditionp(= .47). In procedural tasks, learning outcomeswee same in all
conditions p = 1.00). Also, there were no differences betwé&enQE-PL condition and the
other conditions. This implies that in conceptuad @ausal tasks, the dual task interfered with
information processing during learning when thel dask loading the central executive had a
verbal component. This also means that only inaaasks the learning task interfered with
information processing in the visuo-spatial skeszhplhere were no further differences
between dual task conditions in any of the tasgedyther than the ones described here.
The results did not provide evidence for a sigatfic2-way interaction between
information source and dual tagk<€ 1), implying that the differences between daakt
conditions were the same for all information soarc®r for a 3-way interaction between
information source, task type, and dual tdsk (1), implying that the interaction between

dual task and task type was the same for all in&bion sources.

3.2.3 Free transfer
The results of the mixed ANOVA with free transferdependent variable did not
provide evidence for a main effect of dual talSid( 116) = 2.34p = .06,r]p2 =.08), nor for a

2-way interaction between task type and dual t&sk {).

3.2.4 Transfer verification accuracy

The results of the mixed ANOVA with free transfarw¥ication accuracy as dependent
variable showed a main effect of dual taSkd( 116) = 3.18p = .02,r]|02 =.10), implying that
there were differences between the dual task donditHowever, post-hoc comparisons
demonstrated that there were no differences betiteeoontrol condition and any of the
experimental conditions (control conditidvi:= .70,SD = .08; PL conditionM = .70,SD=
.09; VSSP conditionM = .73,SD=.07; CE-PL conditionM = .66,SD= .09; CE-VSSP
condition:M = .74,SD= .07;p = 1.00). This means that processing the dualdaskot
interfere with information processing in any of tearning tasks. Furthermore, learning
outcomes in the CE-PL condition were lower thathenVSSP conditionp(= .04) and the
CE-VSSP conditiong(= .02).

The results did not provide evidence for a sigatfic2-way interaction between task

type and dual task(8, 230) = 1.42p = .19,r]p2 =.05), nor for a 2-way interaction between
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information source and dual task(@, 230) = 1.02p = .3O,r]|o2 =.04), nor for a 3-way
interaction between information source, task tyme dual taskK < 1), implying that the
differences between dual task conditions were dingesin each task type for each information

source.

3.2.5 Integration verification accuracy

The results of the mixed ANOVA with integration feation accuracy as dependent
variable showed no main effect of dual taSk4( 116) = 1.38p = .25,r],;,2 =.05), implying
that there were no differences between the dukldasditions.

The results showed a significant 2-way interachetween task type and dual task
(F(8,230)=2.12p = .04,r]|02 =.07). Post-hoc comparisons demonstrated thainceptual
tasks (control conditioM = .77,SD=.17; PL conditionM = .72,SD=.20; VSSP
condition:M =.79,SD = .14; CE-PL conditionM = .73,SD=.12; CE-VSSP conditioM =
.82,SD=.17;p = 1.00) and procedural tasks (control conditidns .73,SD=.21; PL
condition:M =.77,SD=.13; VSSP conditiol = .78,SD = .16; CE-PL conditionM = .80,
SD=.14; CE-VSSP conditiom = .74,SD= .20;p = 1.00), there were no differences
between any of the dual task conditions. For catas&is, the control conditioM(= .73,SD
=.21) also did not differ from any of the experimted conditions (PL conditiorv = .77,SD
=.13,p = 1.00; VSSP conditioM = .78,SD=.16,p = 1.00; CE-PL conditionvl = .80,SD
=.14,p = .06; CE-VSSP conditioml = .74,SD = .20,p = 1.00), however, learning outcomes
in the CE-PL condition were higher than in the CESP conditiong < .01). The
comparisons between the control condition and exyeartal conditions imply that
performing the dual task did not interfere withamhation processing during learning in any
of the learning tasks.
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Table 4

Means and Standard Deviations for Study Times, Re&all, Recall Verification Accuracy, Free Tramsferansfer Verification Accuracy, and

Integration Verification Accuracy as a FunctionRitture-presentation condition, Information Souraad Task Type

Picture- Control condition PL condition VSSP condition CE-&dndition CE-VSSP condition
presentation
condition
Information Text Text-  Picture Text Text-  Picture Text Text-  Picture Text Text-  Picture Text Text-  Picture
source Picture Picture Picture Picture Picture
Dependent variable Task type M M M M M M M M M M M M M M M
(SD) (SD) (SD) (SD) (SD) (SD) (SD) (SD) (SD) (SD) (SD) (SD) (SD) (SD) (SD)
Free recall (proportion ~ Conceptual .53 .81 .58 .53 .82 .53 .56 .84 .57 41 .68 42 .57 .84 .58
recalled) (.14) (.12) (.16) (.12) (.11) (.14) (.15) (.10) (.13) (.17) (.16) (.18) (.17) (.14) (.19)
Causal .39 .86 .48 .37 .82 .43 .38 .83 44 .29 .69 .34 .40 .87 51
(.11) (.14) (.13) (.09) (.15) (.16) (.11) (.16) (.14) (.13) (.21) (.15) (.08) (.09) (.11)
Procedural .37 .78 .46 .34 .73 .40 .38 .75 .40 .29 .61 .33 .39 .75 41
(.09) (.16) (.16) (.10) (.17) (.13) (.11) (.12) (.11) (.11) (.23) (.15) (.12) (.17) (.15)
Recall verification Conceptual .86 .90 .61 .85 .89 .63 .89 .94 .59 .76 .85 .50 .89 .92 .65
accuracy (proportion (.11) (.12) (.16) (.15) (.09) (.19) (.11) (.08) (.25) (.19) (.17) (.19) (.12) (.12) (.23)
correct) Causal .88 .93 77 .81 91 71 .78 .85 .69 .67 .84 .64 .83 91 .75
(.14) (.10) (.14) (.16) (.11) (.18) (.14) (.18) (.18) (.18) (.11) (.16) (.17) (.13) (.19)
Procedural .93 72 .72 .93 .73 .70 .93 .69 .73 .86 .63 .78 .93 71 77
(.10) (.22) (.17) (.19) (.18) (.16) (.19) (.16) (.15) (.15) (.20) (.15) (.12) (.17) (.16)
Free transfer (proportion Conceptual .58 A7 A7 44 .55
recalled) (.24) (.20) (.23) (.:21) (.25)
Causal .68 .68 .61 .56 .67
(.17) (.15) (.24) (.25) (.18)
Procedural .67 .65 .61 .56 .65
(:21) (.19) (.18) (.20) (.20)
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Transfer verification Conceptual .56 .63 .63 .64 .61
accuracy (proportion (.18) (.14) (.16) (.25) (.18)
correct) Causal .75 .81 74 71 .75
(.17) (.17) (.16) (.16) (.20)
Procedural .78 .73 .81 .70 a7
(.19) (.21) (.17) (.21) (.14)
Integration verification ~ Conceptual .80 72 .79 .73 .82
accuracy (proportion (.17) (.20) (.14) (.12) (.17)
correct) Causal .84 .81 .81 71 .88
(.16) (.13) (.15) (.21) (.13)
Procedural 73 a7 .78 .80 .74
(21) (.13) (.16) (.14) (.20)
Study times (min) Conceptual 3.55 3.51 3.28 3.60 3.89
1.27) (1.12) (1.03) (1.66) (1.46)
Causal 2.78 3.01 2.79 3.06 3.07
(0.97) (0.87) (0.99) (1.00) (1.08)
Procedural 3.29 3.06 2.79 2.97 2.98
(1.30) (0.98) (0.96) (0.99) (1.26)
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3.2.6 Study times

The results of the ANOVA with study times as depandrariable did not show a
main effect of dual task~(< 1). Also, there was no 2-way interaction betwesesk type and
dual task E(8, 230) = 1.66p = .11,n,° = .06).

3.3 Discussion

The aim of the second experiment was to investigaither working memory
involvement when learning with text and pictures eacount for the differences concerning
the beneficial effect of pictures between task syddnerefore, working memory involvement,
when learning with text and pictures during studytonceptual, causal, and procedural tasks,
was assessed. Different learning outcome measiugedree recall, recall verification
accuracy, free transfer, transfer verification aacy, and integration verification accuracy)
and three information sources (i.e., informatiovegiin text only, in text and picture, or in
picture only) were used. Participants learned witttdual tasks, or with one of four dual tasks
loading one of the working memory subsystems. CWxluld predict that the central
executive, the phonological loop, and the visuaiapaketchpad are involved when learning
with multimedia, and that there are no differenoesveen conceptual, causal, and procedural
tasks in working memory involvement. In contralkg account of computational offloading
would predict that the involvement of the visuoisdasketchpad is higher when visuo-spatial
information is more important for understanding lg@rning task. Therefore, it would predict
that the involvement of the visuo-spatial sketchgduigher in causal and procedural tasks
than in conceptual tasks. No differences betweeceautual, causal, and procedural tasks
would be predicted concerning the involvement efdbntral executive and phonological
loop.

The results of the second experiment do not seesugport the account of
computational offloading and seem to support CTMktlat first sight, as the results showed
that learning outcomes from participants in thetcgrcondition did not differ from the
learning outcomes from participants who performeldial task regardless of information
source and task type. There were two exceptiottig@eneral pattern: for free recall,
learning outcomes in the control condition wereheigthan in the condition in which the dual
task loaded the central executive with a verbalmament; for recall verification accuracy,

this result was also found for conceptual and daas&s and learning outcomes in the control
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condition were higher than in the condition in whtbe dual task loaded the visuo-spatial
sketchpad. These results do not seem to explainatheficial effect of pictures from
Experiment 1, as in Experiment 1 free recall amdlieserification accuracy showed a larger
multimedia effect in procedural tasks than in cqigal and causal tasks.

Even though the results seem to be more in linlke @IEML, it is unclear whether the
lack of effects can be interpreted in favour of AT,Ms there were several unexpected
patterns of results. Firstly, performing a duaktdsat loaded the central executive having a
verbal component interfered with information prageg during learning, whereas performing
a dual task that loaded the central executive lggainisuo-spatial component did not. If the
central executive was indeed involved during leagnboth dual tasks loading the central
executive should have evoked the same patterrsoftse Alternatively, if not the central
executive but instead the verbal component of the thsk was responsible for eliciting
interference with the learning task, also the dask loading the phonological loop should
have interfered with information processing leaganhich was not the case. Secondly,
performing a dual task loading the phonologicaplaie visuo-spatial sketchpad, and the
central executive with a visuo-spatial componedtrdit seem to interfere with information
processing during learning. As previous researshshawn that these working memory
subsystems are involved during learning, a possikbéanation for this discrepancy could be
that in this study only the central executive daak with a verbal component was difficult
enough to cause overload in the central executiveontrast, the other dual tasks might have
been easy enough, so that they could be perforelatively effortless, and therefore did not
cause overload in the respective working memorgystem. This postulation is supported by
the result that not only learning outcomes but atsady times were similar between
conditions.

A possible limitation of Experiment 1 and 2 is tha difficulty of both post-test
guestions might have influenced the pattern ofltektried to reduce the varying difficulty
between questions and learning tasks, by usirgpat three questions for every dependent
variable and two or three tasks per task type. lnfately, nothing can be said concerning
the absolute difficulty of a task as performanceaowy test item always results from interplay
between the difficulty of the task and of the iteself. When comparing different materials,

each having own post-test items, it is impossibleute out this interplay completely.
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Another possible limitation of Experiment 1 ands2hat learning outcomes in all task
types were gauged using recall of the structureirstedrelations between objects and transfer
of information to new situations. These learningcome measures are suitable for conceptual
and causal tasks. However, for procedural taskguid be more appropriate to test how well
the procedure is performed. Therefore, in futuseaech, it is important to measure the
beneficial effect of pictures in procedural taskggauging performance accuracy as learning
outcome measure.

Taken together, working memory involvement doetsseem to differ between task
types as would be expected based on the size ofidltenedia effect in different task types.
However, dual task performance had unexpectedly &ffect on learning outcomes in
general. Therefore, a more direct test whetheupstare computational offloading should
provide more insight into whether the account afipatational offloading can predict the

beneficial effect of pictures.
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4 Experiment 33

As the first two experiments have not been ableréwide a clear pattern of results
that can be used to contrast CTML and the accdurdraputational offloading, the third
experiment specifically aims at testing whethetyes are computational offloading. Here,
the potential limitations from the first two expaents concerning features of the tasks and
the dependent variables are taken into accounbrélowly, the purpose of the second
experiment was to investigate the involvement efitisuo-spatial sketchpad when learning
with text only or with text and pictures in procediutasks that are assumed to trigger imagery
(i.e., first aid procedures), by using the same-pes for all learning tasks and assessing
performance accuracy. CTML would predict that thsu@-spatial sketchpad is more involved
when learning with text and pictures than whenrgey with text only, as the visuo-spatial
sketchpad is involved in picture processing. Intast, the account of computational
offloading would predict that the visuo-spatial skgad is more involved when learning with
text only than when learning with text and picty@simagery requires more mental

resources than visuo-spatial perception.

4.1 Method
4.1.1 Participants and design

Eighty-seven students from a Dutch university stddour first aid procedures. Five
participants were excluded, as dual task perforeahowed that they had not followed the
instructions properly. Of the remaining 82 partanps (66 female and 16 mald;= 22.80
years,SD = 3.05), 78% had no prior experience with firgt imstructions. The experiment
had a 2x2x2 mixed design, with presentation for(nat, text-only vs. multimedia) and dual
task (i.e., with vs. without) as between-subjectaldes. We included time of testing
(immediate vs. delayed) as a within-subject vagdblsee whether effects were the same for
both immediate and delayed testing. Depending esgmtation format and dual task

condition, participants received 1) a text withdugl task f = 21), 2) a text with a dual task

% This article has been submitted as: van GenucBtewan Hooijdonk, C., Schiiler, A., & Scheiter, K.
(submitted). The beneficial effect of pictures ainel role of working memory when “learning how” with

multimedia learning materiahpplied Cognitive Psychology
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(n = 20), 3) a multimedia instruction without duakan = 21), or 4) a multimedia instruction
with a dual taskr(= 20). Learning outcomes were measured immediaféty learning and
again after one week. Participants were randondigasd to one of the four experimental

conditions and received either payment or coursditfor their participation.

4.1.2 Materials and measures
4.1.2.1 Learning tasks

The procedural tasks were four first aid instrutsiobtained from the Orange Cross
manual (Henny, 2006). First aid tasks were usdtiese tasks are procedural tasks conveying
actions by describing/depicting the actor’s bodstgeequired to perform the actions (see
Figure 5 for an example). The tasks described @&)tbdold a sling in supporting a broken
arm across a victim’s chest, b) how to roll a wictrom the recovery position onto their back,
c) how to apply an easy-application bandage, arfitba)to move an unconscious victim from
areas of danger. The tasks contained 4, 5, 10ep2 and 52, 51, 114, 107 words,
respectively. In the multimedia instructions, twalworee pictures accompanied the text. In all
tasks, the steps, which are required to perfornptheedure correctly, and how these steps
should be executed, were described in the textufes were photographs in which both the
object (i.e., the victim) and the person performaigjons were depicted. In the text, action-
related words were used (e.g., “sit down in sqoaitpn with your feet at each side of the
victim and as close to the victim as possible”udying the text only allowed correct
performance of the procedure. The text was preddatthe left of the pictures when learning
with multimedia, whereas the text was presentdadlermiddle of the screen when learning
with text only. The first aid tasks were preseritecandom order using E-prime v.1.2
(Schneider, Eschman, & Zuccolotto, 2002) on a P@pzder with 22 inch monitor.

4.1.2.2 Dual task
The dual task used to load the visuo-spatial sketdiduring learning was, as in

Experiment 2, the foot tapping task (see Secti@23; e.g., Miyake et al., 2004).

4.1.2.3 Post-tests
To test how much knowledge participants had obthitweo retention tests were used.

In the first test, which focused on procedural-miaplicit knowledge, participants executed
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the first aid tasks that they had studied usinigsa &id dummy. This dummy was sitting in a
chair for the two bandaging tasks and lying onfkber for the other two tasks. Bandage
materials were provided when required for perfogrtime task. Participants did not receive
any feedback on their performance. Performanceracgwas measured by the proportion of
steps that were performed both correctly and irctreect order. Participants could score
either 0 or 1 per step. The proportion of correptyformed steps was calculated, resulting in
one score between 0 and 1. To assess the intereasbility for performance accuracy, two
raters coded 20% of all videos. Cohen’s kappa WhsThe remaining 80% of the data were
scored by a single rater only.

In the second test, which focused on declaratiydikknowledge, participants saw a
picture from the studied task and verbally desctithee steps that either preceded or followed
the depicted step. Description accuracy was meddiyr¢he proportion of steps that were
described both correctly and in the correct orBrarticipants could score either 0 or 1 per
step. The proportion of correctly described steps valculated, resulting in one score
between 0 and 1. To assess the inter-rater retiafol description accuracy, two raters coded
20% of all texts. Cohen’s kappa was .67. The remgiB0% of the data were scored by a

single rater only.

4.1.3 Procedure

Before the experiment started, participants gage thformed consent. Then, they
familiarised themselves with performing a simplstfaid task that was unrelated to
understanding of the experimental learning taska brst aid dummy. Participants received a
written task on paper, which described in threpstew to tilt a patient onto the side and
back. Participants in the text-only conditions reed this training task without a picture,
whereas participants in the multimedia conditiateived this task with pictures.

Subsequently, all participants answered a demograpiestionnaire (i.e., age, sex,
education, prior knowledge concerning first aidgaaures). Participants who had to perform
a dual task were instructed to press the foot gadatlockwise order and one pedal per
second whilst studying the learning material. Theye informed that if they would stop
pressing the pedals for five seconds, a beep weuahihd them to continue pressing the
pedals. After these instructions, they practicedftot tapping task for one minute, while

hearing a metronome that indicated the lengths#fcond. Then, all participants were
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directed to study the four first aid tasks and wafermed that after studying these tasks, they
would be tested on their acquired knowledge withieterring back to the learning material.
No time limit for studying was set so that partanips could continue with the next task when
they felt confident that they had understood tis& tand remembered all information.
Participants in the dual task conditions perforriteidual task whilst studying all four

learning tasks. After participants in all condisdimished studying a first aid task, they
continued to the next task by pressing a key oaybdard.

After learning the first aid tasks, participanteented these tasks using the first aid
dummy. During their performance, participants’ acs were recorded with a video camera
from two angles. Also, a photograph was taken #fiereasy-application bandage had been
applied around the first aid dummy’s arm. After exting a first aid task, participants
received a picture from the learning material aesicdbed the preceding or subsequent steps.
This procedure was repeated for each task, inaime order as they had been studied. One
week later, students performed the same learnitgpme tests in the same order in the same
room. No time limits were set for executing thetgests. The first session took between 45
and 60 minutes and the second session about 3Qewiritach participant was tested

individually.

4.1.4 Data analysis

To investigate whether pictures are computatioffidaxling, two mixed ANOVAs
were performed. The dependent variables for theakyses were performance accuracy and
description accuracy. The between-subject factere \presentation format (text-only vs.
multimedia) and dual task (with vs. without). Ashin-subject factor, time of testing
(immediate vs. delayed) was included. The learoutgome measures for immediate and
delayed testing for each task were standardiseetiiace the effect of the different number of
steps between tasks. The partial eta-squared sffexrts reported to reflect the amount of
variance that is explained by the model after otfwer-error sources of variance have been
partialled out (Cohen, 1973). For partial eta-sqdar01, .06, and .14 correspond to small,
medium, and large effect sizes, respectively (Cph@88). To follow up on significant

interactions § < .05), Bonferroni adjusted pairwise comparisoeserconducted.
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4.2 Results

Descriptive statistics are provided in Table 5.

4.2.1 Main effects

The results showed a main effect of presentabomét for both performance
accuracy and description accuracy, implying thatigpants in the multimedia condition
performed and described the procedures correcthg miten than participants in the text-only
condition (performance accuradyl, 78) = 34.14p < .001,r]p2 = .30; text-only conditionM
=-.39,SE=.09; multimedia conditionVl = .38,SE=.09; description accurack(1, 78)
497,p= .03,r]|02 = .06; text-only conditionyl = -.19,SE=.11; multimedia conditiorM =
.17,SE=.11). These results imply that a multimedia &ffgas found for both dependent
variables. However, the main effects of presemaibomat were qualified by interactions
described below.

The results also showed a main effect of dual taskoth performance accuracy and
description accuracy, implying that participantsoveid not perform the dual task performed
and described the procedures correctly more offten participants who did perform the dual
task (performance accurady(l, 78) = 22.09p < .001,r],;,2 =.22; without dual taskvl = .30,
SE=.09; with dual task\ = -.32,SE= .09; description accuracl(1, 78) = 14.47p < .001,
r]lo2 = .16; without dual taskv = .30,SE= .11; with dual taskyl = -.31,SE=.11). However,
the main effect of dual task was qualified by iat#ions described below.

The results did not show a main effect of timéesting (performance accuradyx< 1,
description accurac¥ < 1), showing that participants performed and deed the

procedures equally correctly for both immediate deldyed testing.

4.2.2 Two-way interactions

The results showed a significant 2-way interacbhetween presentation format and
dual task for performance accura&yi, 78) = 9.27p < .Ol,r],;,2 =.11; see Figure 9),
however not for description accurady(l, 78) = 3.26p = .08,r],;,2 = .04). Bonferroni adjusted
pairwise comparisons showed that performing a ths interfered with information
processing during learning with text onfy< .OOl,r]p2 = .28; text-only without dual taski
=.12,SE=.13; text-only with dual tasi = -.90,SE= .13), but did not interfere with
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information processing during learning with multicnee (p = .25,r]p2 =.02; multimedie
without dual taskM = .49,SE = .13; multimedia with dual taski = .27,SE = .13).
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performance accuracy as a function of dual

The results also showed a significa-way interactiorbetween presentation forrr
and time of testing for performance accureF(1, 78) = 6.96p = .Ol,r]p2 = .08; see Figure
10), but not for description accuracF < 1). Bonferroni adjusted pairwise comparisons
performance accuracy showed that the rmedia effect was smaller for delayed testing 1
for immediate testing (immediatp < .OOl,r]p2 = .38; text-onlyM = -.48,SE = .10;
multimedia:M = .46,SE= .10; delayec(p < .001,r]p2 =.16; text-onlyM =-.31,SE= .11,
multimedia:M = .29,SE=.11).
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The results did not show a significar-way interaction between dual task and tim

testing (performance accuraf < 1; description accurack: < 1).

4.2.3 Three-way interactions

The results showed a significar-way interaction between presentn format, dual
task, and time of testing for description accurdmy, not for performance accura
(performance accurack: < 1; description accuracF(1, 78) = 6.47p = .Ol,r]p2 = .08; see
Figure 1). Bonferroni adjusted pairwise comparisons forcdption accuracy showed th
for immediate testing performing a dual task atedearning outcomes only when learn
with text only (text-onlyp < .001,r]p2 =.20; without dual taskvl = .37,SE = .17; with dual
task:M = -.68,SE=.17; multimediap = .57,r]p2 <.01; without dual tasiM = .21,SE= .17;
with dual taskM = .08,SE= .17). However, for delayed testing, performindual task
affected learning outcomes both when learning t@gl-only and when learning wit
multimedia (text-onlyp < .Ol,r]p2 =.10; without dual taskvl = .16,SE= .18; with dual task
M = -.59,SE=.18; multimediap < .05,r]p2 = .05; without dual taskv = .45,SE=.18; with
dual taskM = -.05,SE=.18)
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When looking at this-way interaction from a different point of view (sEigurel2),

the Bonferroni adjued pairwise comparisons showed that for both imatednd delaye
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Table 5
Means and Standard Deviations for Performance AacyrDescription Accuracy as a

Function of Dual Task, Presentation Format, and diof Testing

Dual task Without dual task With dual task

Presentation format  Text-only  Multimedia  Text-only Multimedia

Time of testing M M M M

(SD (SD (SD (SD
Performance Immediately after .05 .60 -1.01 .33
accuracy learning (.70) (.56) (.51) (.67)
(proportion One week later .18 .38 -.80 21
correct) (.83) (.65) (.67) (.65)
Description Immediately after 37 21 -.68 .08
accuracy learning (.96) (.72) (.63) (.67)
(proportion One week later 16 45 -.59 -.05
correct) (.89) (.79) (.72) (.81)

4.3 Discussion

The aim of the present study was to test whetheugs are computational offloading
by investigating the involvement of the visuo-sabsiketchpad when learning with text only
or with multimedia in procedural tasks that areuassd to trigger imagery, taking limitations
from the first two experiments into account. Thegadural learning tasks conveyed actions
required to perform first aid and were presentetth vaxt only or with text and pictures. The
dual task approach (i.e., learning with vs. withdual task) was used to assess the
involvement of the visuo-spatial sketchpad durgayhing. Performance of the first aid tasks
was measured by performance accuracy, focusingamegural-motor/implicit knowledge,
and by description accuracy, focusing on declagétxplicit knowledge. Learning outcomes
were measured immediately after learning and afterweek. CTML would predict that the
visuo-spatial sketchpad is more involved when legrmwith multimedia than when learning
with text only, as the visuo-spatial sketchpadssuaned to be involved in picture processing
and CTML does not take contemporary research comgerisuo-spatial text processing into

account. In contrast, the account of computatiofffdading would predict that the visuo-
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spatial sketchpad is more involved when learninty véxt only than when learning with
multimedia, as imagery requires more mental regsutitan visuo-spatial perception.

The results showed a multimedia effect for bo#rieg outcome measures. However,
for performance accuracy, the results also showatdperformance decreased when learning
with text only due to performing the dual task, wdas performance was unaffected when
learning with multimedia. Accordingly, the dual kasterfered to a large extent with
information processing during learning with textygribut did not interfere with information
processing during learning with multimedia. Thiginas that the visuo-spatial sketchpad was
highly involved when learning with text only, buttrwhen learning with multimedia. These
results are in contrast to previous research byel@yk et al. (2002), Kruley et al. (1994),
and Brunyé et al. (2006).

A possible explanation for this discrepancy conicgyhearning with text only is that
their tasks and my tasks differ in the degree twthe tasks trigger imagery. The tasks of
Gyselinck et al. (2002), Kruley et al. (1994), &minyé et al. (2006) might not have
triggered imagery, as their tasks did not depitibas or did not depict actor’s body parts
required to perform the actions, which is assurddgger imagery (e.g., Woolfolk et al.,
1985; Weinberg et al., 1980; Epstein, 1980). Intkamt, my tasks appear to have triggered
mental imagery as they depicted the actor who paed actions on objects (i.e., victim).
Taken together, this suggests that the role o¥igwe-spatial sketchpad is different for
learning with text only when tasks trigger imageoynpared to tasks that do not trigger
imagery. Also, a possible explanation for this tepancy concerning learning with
multimedia, could be that the presentation of pegun Experiment 2 substituted the need for
mental imagery and therefore strongly reduced theust of cognitive resources required to
understand the task.

Furthermore, the results for performance accurhowed that the multimedia effect
decreased over time. The same pattern was fourdegaription accuracy, but only for
participants who learned with dual task — no mutiitia effect was found for participants
learning without dual task. The effects of timdexting in this study have to be interpreted
with care. Firstly, participants were tested twisecording to the testing effect, retrieving
information from memory positively influences memdor the task at a later time point
(Carrier & Pashler, 1992) and therefore might &lawve affected performance after one week.

Secondly, participants who learned with text ordws picture from the learning material
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during the description post-test. As participant®wearned with multimedia already saw the
picture during the learning phase, this picture imaye positively influenced memory for the
task only for participants who learned with textyprand therefore may have affected their
performance after one week. If this explanatiocoisect, this also shows that pictures are
beneficial to learning. In this study, it is impixds to assess how these issues affected the
pattern of results in each experimental condition.

Finally, the results for performance accuracy agscdption accuracy do not show
exactly the same pattern of results. For exampéerasults for description accuracy did not
show a multimedia effect for participants who leatnwithout dual task. A possible
explanation for this missing multimedia effecthsait, when studying procedural tasks that
convey actions, pictures are suitable to conveggmtaral-motor/implicit knowledge, as
gauged by performance accuracy, however are |l&ésbkuto convey declarative/explicit
knowledge, as gauged by description accuracy.

Taken together, the results seem to support theuatof computational offloading
best, as pictures in procedural tasks that triggagery by describing the position and
movement of an actor’s body parts required to perfactions omit the need to engage in
imagery and therewith reduce the cognitive effloat is required to understand the learning

material.
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5 General Discussion

In the field of multimedia learning, the multimeditiect is a well-established effect. It
states that adding pictures to text is benefiadéarning. Although many empirical studies
have showrthat pictures are beneficial to learning, it is stilladlearwhythey are beneficial to
learning. In this dissertation, two theoretical@auats that explain the multimedia effect have
been contrasted to see which account explains thnmedia effect best: the Cognitive
Theory of Multimedia Learning (CTML; Mayer, 2005&0d the account of computational
offloading (Larkin & Simon, 1987). CTML posits thahen learning with text and pictures,
relevant information is selected from both souraed that this information is processed in
working memory, then integrated with prior knowledgnd finally stored in an integrated
mental representation in long-term memory. The imeitlia effect is explained by arguing
that learning from text and pictures yields a ricmental representation than learning from
text only. In contrast, the account of computatiaffioading posits that imagery is required
when learning with text only, whereas visuo-spaieiception can be used instead of imagery
when learning from text and pictures. More cogeitiesources are assumed to be required for
imagery than for visuo-spatial perception. The madia effect is explained by arguing that
information processing in working memory is faetgéd when learning with text and pictures
compared to learning with text only.

CTML and the account of computational offloadin{fetiin three important ways.
These differences were used to derive the hypathadais dissertation and concern the role
of visuo-spatial information and the role of worgimemory during learning. In particular,
they differ in 1) whether the beneficial effectppttures depends on the amount of visuo-
spatial information processing that is requiredalmertain type of task, 2) whether
information processing in working memory differsween types of tasks, and 3) whether
information processing in working memory differsween processing text only and
processing text and pictures. The concept of tgs& twhich concerns the use of visuo-spatial
information in different types of tasks (i.e., ceptual, causal, and procedural) was used to
investigate the role of visuo-spatial informatiantbe multimedia effect; the concept of
working memory, which concerns information procegsn several working memory
subsystems (i.e., the central executive, phonadddpop, and visuo-spatial sketchpad) was
used to investigate the role of information processn the multimedia effect. These

concepts were discussed to be able to explainyjpetheses derived from these theoretical
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accounts and to be able to investigate the differetetween CTML and the account of
computational offloading. The hypotheses that vaemeved were all tested in this

dissertation. A summary of the results is providegt.

5.1 Summary of the Results and Interpretation

In Experiment 1, the role of visuo-spatial inforimatand thus the effect of task type
on the multimedia effect was investigated. Botlotk&cal accounts predicted that there
would be a multimedia effect for conceptual, cauaatl procedural tasks. However, CTML
predicted that the size of the multimedia effectilddoe the same for all task types, whereas
the account of computational offloading predicteat the multimedia effect would be larger
in causal and procedural tasks than in concepaisabt The results seemed to support the
account of computational offloading best, as thétimedia effect differed between task
types. However, unexpectedly, the multimedia effems larger in procedural tasks than in
causal tasks for recall learning outcome measureédamger in conceptual tasks than in
procedural tasks for transfer learning outcome nnesgs

In Experiment 2, the role of visuo-spatial informaton working memory
involvement during learning was investigated. CTptkedicted that the central executive, the
phonological loop, and the visuo-spatial sketchpadld be involved when learning with
multimedia and that there would be no differenceimvolvement between conceptual,
causal, and procedural tasks. In contrast, theust@d computational offloading predicted
that the involvement of the visuo-spatial sketchpadld be higher in causal and procedural
tasks than in conceptual tasks. No differences eatwask types were predicted concerning
the involvement of the central executive and phogickl loop. Although the interference
between the dual task and the learning task wasdaime between task types — which would
support CTML — there was, unexpectedly, in mosesaw interference between the dual
task and the learning tasks at all. Only perfornangerbal dual task that loaded the central
executive interfered with the learning tasks whensidering recall learning outcome
measures.

In Experiment 3, the account of computational @fflmg was directly tested by
comparing the involvement of the visuo-spatial pérvorking memory (i.e., visuo-spatial
sketchpad) when learning with text only or with timakdia in procedural tasks that were

assumed to trigger imagery. CTML predicted thatvisao-spatial sketchpad would be more
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involved when learning with multimedia than whearl@ng with text only, whereas the
account of computational offloading predicted tippasite. The results seemed to support the
account of computational offloading as providingtpres reduced the cognitive effort
required to understand the learning material, wkiel indicated by the higher interference in
the visuo-spatial sketchpad when learning with ey than when learning with text and
pictures.

Taken together, the results did not unanimouslypeutgCTML or the account of
computational offloading. Some results supportedattcount of computational offloading
best, such as the results that the multimedia tefiiéfered between task types in Experiment
1 and pictures seemed to reduce the cognitiveteftoing learning in Experiment 3. This
implies that pictures could be beneficial to leagibecause they facilitate information
processing during learning. However, other resufgported CTML best, such as the results
that the multimedia effect in Experiment 1 was diguarge for conceptual and causal tasks
and that working memory involvement in Experimerti@ not differ between task types.
However, it should be noted that the results supppthe CTML were null effects.
Unfortunately, the results did not unequivocallppgart any of the theoretical accounts.

Important factors that might have influenced thegua of results are discussed next.

5.2 Factors Influencing the Pattern of Results
5.2.1 Factors affecting imagery during learning

According to the account of computational offlaagliimagery plays an important role
during learning with text only, as mental imagesvorking memory facilitate constructing a
mental representation of the learning content myiterm memory. In the introduction, it was
described that imagery involves generating or tiegpimental images from long-term
memory, which reflect visuo-spatial informationrrdhe real world (Glasgow & Papadias,
1995). Based on this assumption, it was arguedrtedery is especially triggered when
visuo-spatial information is important for understang the learning material. Therefore,
from the computational offloading point of viewgtmultimedia effect was expected to be
larger in causal and procedural tasks than in qunaeétasks, as visuo-spatial information
reflected visuo-spatial information in the real \Wan causal and procedural pictures,
whereas space was used in a metaphorical way ceptual pictures. However, based on the

results of this dissertation, imagery that is tegggl by the presentation of visuo-spatial
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information reflecting visuo-spatial informationtime real world does not seem to be
sufficient to explain differences between task sypdthough causal and procedural tasks both
convey visuo-spatial information in a similar wlye multimedia effect in Experiment 1 was
larger in procedural tasks than in causal taskseftall learning outcome measures. Also,
previous research showed differences between candgrocedural tasks by demonstrating
that instructing participants to apply imagery endel learning for causal tasks but not for
procedural tasks (e.g., Epstein, 1980; Hegarty.e2@03a; Hegarty et al., 2003b; Weinberg
et al., 1980; Woolfolk et al., 1985). Thus, is abbk argued that procedural tasks
automatically trigger imagery whereas causal tasksot, which cannot be explained by the
amount of visuo-spatial information that reflecisuo-spatial information in the real world,
as causal and procedural tasks were suggestedsimbar in that respect.

Another difference between causal and procedusétes that in some procedural
tasks action-related words (i.e., nouns, verbgdaidjes) are used. Interestingly, these words
seem to automatically trigger mental imagery (Fesc$a Zwaan, 2008). Also, in some
procedural tasks, the interaction between a bodyaoa an object (e.g., a picture of a hand
grabbing a glass) is described/depicted, which sdsmns to automatically trigger the
activation of mirror neurons in the motor systerad&ssi & Ferrari, 2010; Rizzolatti &
Craighero, 2004; see also Van Gog, Paas, MarcugsA§ Sweller, 2009), which has been
assumed to be involved in motor imagery (Kosslyanis, & Thompson, 2001). These
differences might explain why instructing studeiatsipply imagery has been shown to
improve learning in causal tasks but not in procaldiasks (Weinberg et al., 1980; Woolfolk
et al., 1985). Also, these differences could exptae high involvement of the visuo-spatial
sketchpad in Experiment 3 when learning with teXy @ompared to learning with text and
pictures, as procedural tasks in this experimenveged actions. However, these two
differences do not explain why the multimedia efff®as larger in procedural tasks than
causal tasks in Experiment 1, as in contrast tg@theedural tasks in Experiment 3 these
procedural tasks conveyed states and did not coatdions related words, nor did they depict
interactions between body parts and objects.

An alternative explanation, as discussed after Exymnt 1, might be that procedural
tasks might have been more complex than causal,thekause in Experiment 1, procedural
tasks required imagery in three dimensions (ehg.rope went behind a piece of wood),

whereas causal tasks required imagery in two dimesge.g., the stone rolled down the hill).
79



If imagery is indeed more effortful with 3D than 2pace, in Experiment 1, imagery in
procedural tasks can be assumed to be more efftréin imagery in causal tasks. The idea
that imagery in 3D space is effortful is suppofgdhe finding from Experiment 3 that
studying procedural first aid tasks that requirdii¥formation processing (e.g., the actor
stood behind the victim) imposes a high load orvieeo-spatial sketchpad when learning
with text only. Whether the results of Experimeral20 support this explanation cannot be
determined, as in Experiment 2, no text-only caaditvas included.

If this explanation is correct, it could be posithdt both CTML and the account of
computational offloading can explain the multimeetigect by arguing that pictures in most
cases elicit a multimedia effect due to dual codimg that in tasks that require imagery in 3D
space, pictures in addition enable computatiorfidading and therefore elicit an even larger
multimedia effect (see also Section 5.5.1). Futasearch, however, is needed to explicitly
test the role of imagery and the load that is ineplasn working memory when studying
causal and procedural multimedia learning taskisitivalve 2D versus 3D use of space.

5.2.2 Factors affecting the assessment of working memory involvement during
learning

In this dissertation, the role of working memogsibeen assessed using previously
applied dual tasks (i.e., random articulatory seppion task, random foot tapping task,
articulatory suppression task, and foot tapping)tadsowever, the dual tasks in Experiment 2
did not influence performance in the learning taspecially for the random foot tapping
task, articulatory suppression task, and foot tagpask (see Schiuler et al., 2011 for a
review).

A possible explanation of why the load on the cdrdkecutive when the dual task
involved a visuo-spatial component (i.e., randowot tapping task) was low, is that
participants’ random tapping behaviour was restddiy the number of pedals, and
participants could therefore not tap a wrong pddatontrast, when performing the central
executive dual task with a verbal component (rangdom articulatory suppression task),
participants were required to inhibit responseswhbers other than one, two, three, and
four, implying that they could name a wrong numéeh as five. Inhibiting responses
requires additional information processing in teatcal executive (Baddeley, 1986).

Therefore, the random articulatory suppression maigft have required additional central
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executive resources compared to the random foptrigpgask. This means that the load on
the central executive might have been lower whefopaing the random foot tapping task
than when performing the random articulatory suggion task. This load — when
considering the results — may not have been higlugimto cause interference with the
learning task.

A possible explanation for why the articulatory grgssion task did not affect
information processing in the phonological looplddoe that the phonological loop is,
according to Baddeley (2006), not highly involvedem skilled readers read a text, as the
phonological loop does not seem to be influencedntnguage processing is a habit. As
participants were university students, it can samed that they were highly skilled readers.
Therefore, reading can be considered as a rowskefor the participants, implying that
processing verbal information from the text causdaolw load in the phonological loop and
therefore did not interfere with the learning tadkwever, it should be noted that other
empirical results concerning the role of the phogalal loop during multimedia learning
(Brunyé et al., 2006; Gyselinck et al., 2002; Kyué al., 1994; see Section 1.6.3.2) do not
support Baddeley’s argument, as there was interéerbetween the dual task that loaded the
phonological loop and the learning tasks. A diffex@ between the articulatory suppression
task used in previous research and the articul@gppression task used in Experiment 2 was
that in the present study participants uttered remnfi.e., one, two, three, four), whereas
participants in previous studies uttered syllalfles, ba, be, bi, bo [Brunyé et al., 2006] or ba,
be, bi, bo, bu [Gyselinck et al., 2002]). Althougiimbers and syllables are both verbal
sequences and therefore require information prougas the phonological loop (Baddeley,
1986), a possible explanation of the missing ieterice could be that participants were more
familiar with numbers than with these syllables #mas required less information processing
in the phonological loop.

A possible explanation for why the foot tappingktdsl not affect information
processing in the visuo-spatial sketchpad is th#te learning tasks, visuo-spatial
information was relevant for understanding the task could be extracted so easily from the
pictures that processing these pictures did notloae the visuo-spatial sketchpad. This
postulation is supported by the results of Expenin® which also showed no interference
between learning with text and pictures and perifiognthe foot tapping tasks in the visuo-

spatial sketchpad.
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In general, an important difference between Expenin2 and previous research on
working memory involvement during multimedia leaxgiis that Experiment 2 only involved
learning with text and pictures and did not invalget-only control conditions. This
limitation was addressed in Experiment 3 by inahgdiext-only conditions in the
experimental design. Future research, thereformjldHocus again on the role of working
memory in eliciting a multimedia effect in differtetask types by assessing working memory

involvement in both text-only and multimedia coinatits.

5.2.3 Factors affecting the expressiveness of the learning outcome measures

In Experiment 1 and 2, several dependent varididgs been used to measure
different types of knowledge. In accordance witkditetical assumptions (cf. Mayer, 2009b),
it was relevant to distinguish between recall aaddfer of information. In Experiment 1, the
multimedia effect was largest in procedural tasks$ equally large in conceptual and causal
tasks for recall measures (i.e., free recall andlleerification accuracy), but larger in
conceptual tasks than procedural tasks for tramséasures (i.e., transfer verification
accuracy, and integration verification accuracyixtikermore, in Experiment 2, the results
showed interference between learning and performidgal task that loaded the central
executive with a verbal component (i.e., randontaldtory suppression task) for recall
measures (i.e., free recall and recall verificafonuracy), but not for transfer measures (i.e.,
free transfer, transfer verification accuracy, andgration verification accuracy). In
Experiment 3, only recall measures were used.

Surprisingly, there were several inconsistencieés/&éen dependent variables in all
three experiments. In Experiment 1, the multimediact was equally large between
conceptual and causal tasks for both recall messhosvever, only for free recall, the
multimedia effect for these task types was sigaific Also, in Experiment 2, there were no
significant results for free transfer; however, ti@nsfer verification accuracy, performance in
the visuo-spatial sketchpad condition was highantin the verbal central executive condition
and for integration verification accuracy, performoa in the visuo-spatial central executive
condition was higher than in the verbal centralcexi®e condition. Furthermore, in
Experiment 3, there was for example a multimediectffor performance accuracy
independent of whether participants performed & ths&, whereas for description accuracy

there was only a multimedia effect for participantso performed a dual task.
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Based on these observations, it can be argueddhain factors affected the
expressiveness of the learning outcome measuretharawith influenced whether certain
effects were found. As discussed in Experimenn2, factor affecting expressiveness is the
ease of the post-test questions. This involves enetnswers were easy to guess, but also
whether the difficulty of questions caused a cgilom flooring effect (i.e., when all
participants, independent of condition, were alblaai able to answer the question correctly).
As the learning material and post-test questiorisxperiment 1 and 2 were especially
designed for this dissertation, it was not cleaadwance whether questions were easy to
guess or would cause ceiling or flooring effectserefore, | suggest that the item difficulty of
the post-test items is assessed to decide whétbse post-test questions can be used again in
future research.

Another factor affecting the expressiveness ofliggr outcome measures, as
discussed in Experiment 3, is whether the learnitgome measure is suitable to assess the
type of knowledge that is constructed. For exampl&xperiment 1 and 2, procedural
knowledge was assessed by similar recall and ganstasures as causal and conceptual
tasks; accuracy of performing the procedure wagakan into account. In contrast, in
Experiment 3, knowledge concerning procedures wesssed by requiring participants to
perform the procedure, and not only by requiringip@ants to describe the procedure —
which is also sometimes used to assess learningmet measures in procedural tasks (e.qg.,
Arguel & Jamet, 2009; Brunyé et al., 2006). Asseggierformance accuracy directly showed
whether participants were able to correctly rettalprocedure, whereas assessing description
accuracy merely showed whether participants weleetalxorrectly recall the description of
the procedure. Therefore, in future research,atukhbe considered which type of learning
outcome is most suitable to assess the type of keuly® that is constructed.

A third factor affecting the expressiveness ofldaning outcome measures is the
sensitivity of the experimental measures. In theeexnents, the free recall, performance
accuracy, and description accuracy measures addeaseing outcome on a very detailed
level (i.e., scores could range between 0 and &rat and 429 at most in Experiment 1 and
2, and between 0 and 16 at least and 48 at mastebstandardising in Experiment 3),
whereas scores using verification items were lessiléd (i.e., scores ranged between 0 and 3
at least and 18 at most). Improving the sensitigftthe dependent measure reduces the level

of error — which can distort experimental effectsthereby enhancing statistical power
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(Lipsey, 1990). If the sensitivity was indeed lowecertain learning outcomes measures, this
could for example explain why the multimedia effErtconceptual and causal tasks was not
significant for recall verification accuracy, hoveewvas significant for free recall in
Experiment 1. | suggest that in future researah ettpressiveness of learning outcome
measures is increased not only by using more deitims and/or learning outcome
measures, but also by considering the sensitivitijese measures.

A fourth factor affecting the expressiveness efldarning outcome measures is the
distinction between information sources. As disedsafter Experiment 2 (see Section 3.3),
distinguishing between information sources is intgarwhen investigating the multimedia
effect. A multimedia effect is not expected in cagermation is only given in the text, as
participants in both text-only and multimedia cdmmfis have access to this information. In
Experiment 1, this was confirmed for all dependentables. A large multimedia effect is
assumed in case information is only given in tleéype, as participants in the text-only
condition did not have access to this informatiorExperiment 1, this was also confirmed
for all dependent variables. The multimedia effsaspecially interesting in case information
is given in both text and pictures, as participamisoth text-only and multimedia conditions
have access to this information, but participanthe latter condition are still assumed to
remember more information. In Experiment 1, a rmuiilia effect for text-picture questions
was only found for recall measures. When the difbn between information sources is not
made, interpreting a multimedia effect is difficuds the effect could be caused by picture
guestions that participants in the text-only caoditvere not able to answer. In contrast,
interpreting a missing multimedia effect is alstiidult, as the missing effect could be caused
by text questions that involve information thahd conveyed by the picture.

A final, albeit rather hypothetical, factor affewjithe expressiveness of the learning
outcome measures might be the ease of transforanngntal representation into an external
representation during recall of information. Foaewle, participants in Experiment 1 and 2
were required to write down and draw everything/ttemembered. Participants who learned
with text and pictures could draw and describespaithe picture that they had seen. In
contrast, participants who had learned with texy tiad to construct an image based on the
information stored in memory during recall in céisey had not applied imagery during
learning. As participants had a maximum of five at@s for writing and for drawing,

constructing an external representation might foeeehave required more time, enabling
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them to write or draw less in the same amountnoeétithereby evoking lower learning
outcomes. As procedural tasks concerned 3D spaeeSgction 1.5.3), this argument could
especially apply for procedural tasks, and couddleéfore be an alternative explanation for
why the multimedia effect in Experiment 1 was largeprocedural tasks than in causal and
conceptual tasks. However, as discussed after Exeet 2 (see Section 3.3), the use of 3D
space might have affected difficulty of both tharleng task and the writing and drawing
tasks. As the interplay between difficulty of tlask and difficulty of constructing an external
representation cannot be disentangled, the valaditilis argument can unfortunately not be
assessed based on the experiments and resulis digbertation and should therefore be
addressed in future research.

5.3 Limitations

Several limitations of the experiments in this ditation have already been discussed.
One limitation of Experiment 1 and 2 is that thiiclilty of both post-test questions might
have influenced the pattern of results (see Se@i®mnd 5.2.3), and that the interplay
between the difficulty of both post-test questiansl learning tasks can unfortunately not be
unravelled. Another limitation of Experiment 1 ahavas that learning outcome measures for
procedural tasks did not involve performance aanyraowever, this limitation was
addressed in Experiment 3 by requiring participaotsonly to describe the procedure, but
also to perform the procedure. A limitation of Expeent 2 was that no text-only conditions
were included (see Section 5.2.2).

A further limitation of Experiment 1 and 2 was tlfiatitious learning material was
used and that therefore the external validity efrisults can be questioned. However, the
advantage of using fictitious learning material waet the comparability between tasks was
controllable, which increased the internal validifythe experiments. | believe that using
fictitious learning materials when comparing taghkets enabled me to optimise the trade-off
between internal validity (i.e., comparability bewswn task types) and external validity (i.e.,
comparability with multimedia learning tasks in rexperimental situations). In Experiment
3, the comparability between task types was noessure, which enabled me to use non-
fictitious learning materials and thus increasedkiernal validity.

A theoretical limitation is that Larkin and Simal®87), who proposed the account of

computational offloading, based their ideas on teXy processing and picture only
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processing, whereas in this dissertation text g compared with text and picture
processing. As presenting text and pictures caidder processes that are not possible when
learning with only once source, such as integradiimformation from text and picture, the
interplay between text and pictures can affectrmftion processing during learning. For
example, in this dissertation, it was assumedtthds trigger imagery whereas pictures
trigger visuo-spatial perception, and that visuats perception substitutes imagery.
However, when learning with text and picturess idiso possible that both imagery and
visuo-spatial perception are used to understantetraing material; it is even possible that
participants only apply imagery in case they dolook at the picture. As the results do not
always support the account of computational offlogdthe interplay between text and
pictures might have caused the diffuse resultauréutesearch that is in line with Larkin and
Simon’s original research should be conductedyestigate whether their postulations also
apply when combining text and pictures.

Another theoretical limitation of this dissertatimas that the explanations of why
pictures are beneficial to learning (i.e., dualingdss. computational offloading) were tested
indirectly: to be able to contrast the two themataccounts, the concepts of task type and
working memory were used. To assess dual codiffgreinces in the size of the multimedia
effect between task types were used. A disadvartbthes indirect way of testing is that
many assumptions had to be made concerning thearade of visuo-spatial information in
different task types and that it is still uncledrether these assumptions are correct. A more
direct test would be to assess what types of mespaksentations are built based on the
learning material. However, it should be noted that could be challenging as any measure
is affected by the underlying phenomenon of intefies, the mental representation), but also
by how this phenomenon is translated into obseevaffects (Kosslyn, 1978). Therefore, it
could be difficult to know how the outcome measgaraffected by the underlying
phenomenon and how it is affected by its tranghatidternatively, when continuing to
consider the role of visuo-spatial information, tiyge of visuo-spatial information (e.g., 2D
vs. 3D) and the influence on the multimedia effamild be assessed systematically (as
already suggested in Section 5.2.1). Furthermorass$ess computational offloading, the
interference in the visuo-spatial sketchpad betvikernearning task and a visuo-spatial dual
task was gauged. A disadvantage of this indiregt efdesting is that many assumption

concerning which processes take place and how heachthey impose on working memory
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had to be made. Another disadvantage is that riadme unequivocally derived from the
results how much load was imposed by which mentadgss. A more direct test would be to
record process data that provides information atgther and when imagery was applied.
A possible source of process data could be thiokealzerbal protocols that concern subjects’
reports on their use of imagery during the learnask (cf. Russo, Johnson, & Stephens,
1989). Another source of process data could bereyements on blank space (i.e., blank
screen paradigm; Altmann, 2004), which are perfaroh&ring imagery and are assumed to
reflect the spatial structure of the underlying taérepresentation (see also Eitel, Scheiter,

Schiler, Nystrém, & Holmqvist, in press).

5.4 Strengths

Apart from these limitations, the studies repoitethis dissertation had several
strengths. One strength of this dissertation isithall three experiments, results always
depended on more than one learning task. Moreoveerification measures, several
guestions were included. With only one learnindgt @sonly one question, unique
characteristics that are not of interest and arelated to the characteristic being measured
(e.g., the number of different colours in the piejucan cause fluctuations in the measure and
can therefore cause unreliability (Lipsey, 1990).u8ing several learning tasks and several
guestions for verification accuracy measures, ifiaence of unique characteristics was
reduced and therefore the reliability of the resiritreased. Also, it preserved me from
drawing conclusions that applied only to one speaifeasure and therefore from unjustly
generalising to other tasks and dependent meadihissin turn increased the reliability of
the conclusions that were drawn in this dissematio

A second strength of this dissertation is thatxpdétiment 1 and 2, different
information sources were considered. Similar téuding several types of learning outcome
measures and at least two measures within eaclofyparning outcome measure,
distinguishing between information sources presgenae from unjustly generalising the
multimedia effect and therefore enabled me to drawe accurate and detailed conclusions
concerning the multimedia effect (see also Sedi@rB).

A third strength of this dissertation is that ingéximent 1 and 2 the effect of task type
was investigated systematically. Reigeluth andnStE983) already distinguished between

conceptual, causal, and procedural tasks and Sxaif&ogers (1996) already argued that
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“the value of different graphical representatioins. [ pictures] ... cannot be assessed
adequately from our intuitions. To be effectiveusnoer of interdependent factors need to be
considered, such as the type of task.” (p. 186). Nevertheless, thetimadia effect in
different task types has, to my knowledge, not beeestigated systematically. As the results
of Experiment 1 showed that it is indeed relevardistinguish between task types, | suggest
that future research will continue to distinguigtvieen task types or at least consider the role
of visuo-spatial information.

A fourth strength of this dissertation is that xpEriment 2 and 3, the dual task
approach was used to investigate working memorglu@ment during multimedia learning.
So far, only a few studies have used this appreatthmultimedia learning materials (i.e.,
Brunyeé et al., 2006; Gyselinck et al., 2002; Kruégyal., 1994). Schuler et al. (2011) argued
that this might be because the dual task appraadifficult to implement, as 1) multimedia
learning material is more complex than stimuli &sic cognitive psychology experiments, 2)
it is more difficult to generate multiple instanadghe instructional materials, and 3) features
of experimental materials are more difficult to tohsystematically. To be able to control
learning material as systematically as possibteedted fictitious multimedia learning
materials. | tried to make the tasks as similgo@ssible concerning the length of the texts, the
length of sentences, the number of propositionsxtipicture/both, whether texts were easy
to follow, whether texts were highly concrete, wiegttexts were engaging, and the type of
pictures (i.e., coloured line drawings). By coning these aspects, it was possible to create
multiple instances of the instructional materias. the complexity of stimuli is inherent to
multimedia learning material, the learning taskgis dissertation were similar to common
learning tasks used in experimental research (dayer, 2009b) and used in school books
(e.g., Henny, 2006), to be able to maintain exterakdity and comparability. Taken
together, the controlled learning tasks and mutipttances enabled me to apply the dual
task approach appropriately.

5.5 Implications

Despite the possible limitations and because ofldmoted strengths, the results of the
reported experiments have important theoreticalpaadtical implications.
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5.5.1 Theoretical implications

The results of the experiments reported in thisetisition did not unanimously
support CTML or the account of computational offioey. In Section 5.2.1, it was argued
that the multimedia effect could be explained kyuarg that pictures in most cases elicit a
multimedia effect due to dual coding, but in taiet require imagery in 3D space, pictures
in addition enable computational offloading and-¢fiere elicit an even larger multimedia
effect. A possible theoretical implication would that CTML and the account of
computational offloading should not been seen asdistinct and independent views on how
a multimedia effect is elicited. Instead, it midpet relevant to combine these views in one
model that enables explaining the multimedia effgcboth dual coding and computational
offloading, depending on whether imagery in 2D Drspace is triggered. Mayer’'s model
already includes the idea of dual coding (i.e.paéand pictorial mental models) and of
visuo-spatial perception (i.e., observing pictuséth the eyes). Next, | argue how the model
can be adapted so that it incorporates the pradassagery and therewith predicts the idea of
computational offloading.

When applying imagery, from a CTML point of viewpwmds are observed initially,
then these words are processed in the word sowsg] Aad after that these words are
processed in the visual image base. This procesbecaisualised by connecting Mayer’s
component ‘words’ with his component ‘eyes’, themigecting ‘eye’ with ‘word sound base’
— which is not part of his original model — and oesting ‘word sound base’ with ‘visual
image base’ (see bold arrows in Figure 13). Ifléaening task triggers imagery in 2D space,
the transition from the word sound base to thealigsuage base is assumed to be effortful.

However, this transition is assumed to be even raffcetful when imagery in 3D space is

triggered.
MULTIMEDIA SENSORY
PRESENTATION MEMORY WORKING MEMORY LONG-TERM
MEMORY
T I :
Words » Ears sel_eclding N Word orgz_mi‘.jzing__ Verbal Prior
wores Sound Base wores 1 Mental Model Knowledge
/’ l 'y
Pictures o Eves selecting | Visual organizing Pictorial
7 Hmages Image Base mages 1 Mental Model
A\ /

Figure 13 CTML adapted to include the process of imagery.
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By visualising this process, it becomes clear hogvrhodel can explain why pictures
are computational offloading: the visuo-spatialgegtion route from ‘pictures’ to ‘eyes’ to
‘visual image base’ seems to be more direct — implyhat less information processing in
working memory is required and pictures are theeebmmputational offloading — than the
indirect imagery route from ‘words’ to ‘eyes’ to osd sound base’ to ‘visual image base’.
When 3D imagery is involved, the effort required tloe transition from ‘word sound base’ to
‘visual image base’ is even larger, implying tha tifference in effort between visuo-spatial
perception and imagery is even larger and pictaregven more computational offloading.

This theoretical implication seems to be relevdsn &#om other theoretical points of
view (e.g., Rummer et al., 2008; Schiiler, 2010wkler, it should be noted that the validity
of this suggestion depends on the research thapmwassed (see Section 5.2.1) concerning
the role of imagery and the load that is imposeavorking memory in causal and procedural
multimedia learning tasks that involve 2D versusuae of space.

5.5.2 Practical implications

In Experiment 1, pictures seemed to be helpful eviign a post-test question could be
answered using information provided in the pictiiue, text-picture questions and picture
guestions). In other words, if the relevant infotima is only given in the text, pictures do not
seem to be beneficial to learning (cf. Levie & L£rt982). This statement may seem trivial at
first sight; however, it supports the view that thaeltimedia effect is a cognitive and not a
motivational effect. If the multimedia effect wasedto a motivational mechanism, where
presenting a picture yields higher motivation tarfeand engage in the task, then this higher
motivation and engagement should positively infeestearning as a whole. However, as the
multimedia effect is limited to the information tha conveyed through pictures, the effect is
instead based on a cognitive advantage becausefttrigation is more accessible (cf.
CTML) or more easily processed (cf. account of cotaponal offloading). This argument is
supported by Carney and Levin (2002) who showetldeeorative pictures (i.e., pictures that
decorate the page but bear little or no relatignghithe text content) are not beneficial to
learning, whereas for example representationalipast(i.e., pictures that mirror part or all of

the text content) and interpretational pictures (pictures that help to clarify difficult text)
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do support learning. This implies that picturesudti@onvey information relevant to the
learning task, as pictures do not foster learnygierely improving motivation.

Also, in Experiment 1 and 3, even though this stéds to be confirmed by
replication of the experiment, the beneficial effetcpictures seems to depend on the type of
learning outcomes (see also Section 5.2.3). Thexgfeachers and instructional designers
should consider which type of learning is requii@da given task. In Experiment 1, the
multimedia effect seemed to be largest in procddasks when learning outcomes measures
concerned recall of information, whereas the mudtim effect seemed to be largest in
conceptual tasks when learning outcomes measunegiced transfer of information. If
procedural content is conveyed that focuses oprgtperformance accuracy seems to be a
more reliable learning outcome measure than degmmipccuracy.

Based on Experiment 3, pictures seem to be beakficlearning by reducing the
cognitive effort that is required to understand|gening material. By reducing the required
cognitive effort for processing one part of therféiag task, more effort can be spent on other
parts of the learning task. Even though Carneylawih (2002) argued that presenting
pictures is superfluous when text elicits mentages in students, the results from this study
suggest that teachers and instructional desigherdd consider using pictures also when a
task triggers imagery to facilitate understandihtghe learning material.

5.6 Concluding Remarks

The research presented in this dissertation wamytknowledge, the first attempt to
contrast CTML (i.e., the view that pictures are dfemal to learning because they allow
enhanced information storage) and the accountmopatational offloading (i.e., the view that
pictures are beneficial to learning because pisttaeilitate information processing during
learning) by using controlled material (i.e., difat task types) and methods from basic
cognitive research (i.e., dual task approach).h&sesults of this dissertation do not seem to
unanimously support CTML or the account of compatetl offloading, it was suggested that
a view that combines both approaches might be dtieally relevant. Nevertheless, | suggest
that future research continues to address theiqueshy pictures are beneficial to learning,
taking limitations and strengths from the seriesxgeriments reported in this dissertation

into account.
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6 Summary

In the field of multimedia learning, the multimeditiect, which states that adding
pictures to text is beneficial to learning, is dlvestablished effect. Although many empirical
studies have showthat pictures are beneficial to learning, it is stiladlearwhythey are
beneficial to learning. In this dissertation, twedretical accounts that explain the
multimedia effect have been contrasted to see wdicbunt explains the multimedia effect
best: the Cognitive Theory of Multimedia LearnigT(ML) and the account of
computational offloading. CTML explains the multidie effect by arguing that learning
from text and pictures yields a richer mental reprgation than learning from text only. In
contrast, the account of computational offloadirglains the multimedia effect by arguing
that information processing in working memory isilitated when learning with text and
pictures compared to learning with text only.

In this dissertation, three experiments are repdtiat tested 1) whether the beneficial
effect of pictures depends on the amount of viguattal information processing that is
required by a certain type of task (i.e., concdpttausal, procedural), 2) whether information
processing in working memory differs between typessks, and 3) whether information
processing in working memory differs between precestext only or processing text and
pictures. The results did not unanimously suppoytat the theoretical accounts. Therefore, it
was argued that a theoretical account that comliottsexplanations of the multimedia
effect, stating that pictures yield a richer menggdresentation and that pictures are under
certain circumstances computational offloadingnseto be most likely. However, it is noted
that further research is needed that continueddceas the question why pictures are

beneficial to learning, taking the reported limiat and strengths into account.
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7 Zusammenfassung

Im Forschungsbereich des multimedialen Lernens evded Multimediaeffekt, d.h.
der Befund, dass die Darbietung von Texten zusammeBildern lernfoérderlich ist,
empirisch vielfach bestétigt. Trotz dieser eindgeni Befundlage ist jedoch unklar, worauf
der Multimediaeffekt zurtickzufihren ist. In der Megenden Dissertation wurden daher zwei
theoretische Erklarungen fur den Multimediaeffetmkastiert, namlich die Cognitive Theory
of Multimedia Learning (CTML) sowie die Annahme désmputational Offloading. Nach
der CTML geht der Multimediaeffekt darauf zurticlasd Text-Bilddarbietungen zu
reichhaltigeren mentalen Reprasentationen fuhiedialalleinige Textdarbietung. Im
Gegensatz dazu erklart die Annahme des Computatiffiaading den Multimediaeffekt
durch eine erleichterte Informationsverarbeitungiirbeitsgedachtnis, wenn Texte
zusammen mit Bildern dargeboten werden.

Im Rahmen der vorliegenden Dissertation wurden Exgerimente durchgefiihrt, die
testeten (1) ob der Multimediaeffekt vom AusmafViagnell-raumlicher Information, welches
verschiedenen Aufgabentypen (d.h., konzeptuellans&len und prozeduralen Aufgaben)
inharent ist, abhéngt (2) ob sich die Informatieravbeitung im Arbeitsgedéachtnis je nach
Aufgabentyp verandert und (3) ob sich die Informasiverarbeitung von Texten und Bildern
im Vergleich zur reinen Textverarbeitung im Arbgadachtnis unterscheidet. Die Ergebnisse
der Experimente konnten keine der beiden theotetisénnahmen eindeutig bestatigen.
Daher wird angenommen, dass eine Kombination aideb&rklarungen den
Multimediaeffekt am besten erklart, namlich dasstdgilddarbietungen zu reichhaltigeren
mentalen Représentationen filhren und dass untimbeten Bedingungen Bilder auch die
Informationsverarbeitung erleichtern kénnen. Weitéorschung zur Frage, warum Bilder das
Lernen unterstitzen, ist jedoch notwendig. Zukgefté\rbeiten sollten dabei die Starken und
Schwachen der vorliegenden Dissertation berickgiet
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