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Voorwoord

| want to talk about learning. But not the lifelesterile, futile, quickly forgotten stuff thataeammed in to the
mind of the poor helpless individual tied into bé&at by ironclad bonds of conformity! | am talkedgput
LEARNING - the insatiable curiosity that drives #tiolescent boy to absorb everything he can séear or
read about gasoline engines in order to improvesdtfiigiency and speed of his ‘cruiser’. | am tatkiabout the
student who says, “ | am discovering, drawing ionfrthe outside, and making that which is drawn real part
of me.” | am talking about any learning in whictetexperience of the learner progresses along ihés 'No,
no that’s not want | want”, “Wait! This is closeo what | am interested in, what | need”, Ah, heris!liNow I'm
grasping and comprehending what | need and whatritwo know!”

Carl Rogers, 1989

Hoeveel keer heb ik niet getwijfeld aan het nut wam doctoraat en de onderzoeken. Het
was een onvoorspelbaar en hobbelig proces wakrthikwijls de minst voor de hand
liggende keuze maakte. Meerdere malen had ik heteg@iet op het juiste spoor te zitten om
daarna weer met volle euforie hetgeen ik zochtrtden. Het moeizaam beslissen,
bijschaven, herwerken en doorwerken; een procesattijd even gemakkelijk maar gesteund
door verschillende personen werd het toch tot eexl ginde werd gebracht.

De steun en bijdragen van Martin, mijn promotorremavan groot belang tijdens dit
onderzoek. De vele verzuchtingen aanhoorde hijeopblemen en hij probeerde samen
naar oplossingen te zoeken. Ook de steun die hipgaijn carrierewending voor het einde
van het doctoraat werden zeer gewaardeerd. Bedarkin, zonder jou was het niet gelukt.
Ik wil ook Paul Kirschner, Thierry Marchant en Ge€rombez, die samen met mijn
promotor mijn begeleidingscommissie vormden, bedanHlullie vele suggesties, tips en
bemerkingen hebben bijgedragen tot dit proefsclBgtlank!

De collega’s op de vakgroep waren er steeds opiste jmomenten. An, een geweldige
bureaugenoot, gaf meer dan eens een bemoedigdraledscklop. Op de nieuwe werkplek is
het eenzaam zonder jou. Hester, Hilde en Marijkeattijd klaar stonden met een luisterend
oor en steeds wilden meehelpen denken wil ik zekkrvermelden.

Mijn familie, ver en dichtbij, die me op een anderanier steunde. De vele telefoontjes, sms-
jes, bezoekjes, het oppassen op onze kleine kapogpprecieer ik zeker. Het maakte het
toch iets eenvoudiger om steeds verder te doen.aylpapa en Sofie, jullie zullen Owen iets
minder zien vanaf nu want hij heeft zijn mama vb00% terug.

Broeder Johan wil ik vermelden omdat hij ten slofpealle momenten een bemoedigend
woord klaar had. Ook al was je ver van Belgié beklalsof je op elk moment mee over mij
schouder keek.

Verder wil ik ook de nieuwe collega’s bedanken @gH¢ Sint-Lieven Sint-Niklaas. Ik heb
inderdaad de job van mijn leven gevonden en datlijchuis. Een nieuwe collega inwerken



is niet eenvoudig maar daarnaast moesten julliemgpgverzoeken, verzuchtingen aanhoren.
Jullie luisterende houding, de vele, soms ook flwgnappen en grollen maakten het voor mij
zeer aangenaam werken. Een speciale vermeldingAdsoPeters, onze lector Engels. Haar
revisie van mijn teksten, maakten het voor mij eeriger om mijn Engels nog bij te
schaven. Ook al was het niet altijd eenvoudig, bktlada!

Als laatste wil ik Nkora bedanken. Niet vanzelfdaed maar toch stond je vijf jaar klaar om
me in alle mogelijke facetten te ondersteunen rjaasgen studies. Als ik het even niet meer
zag zitten was jij er steeds als eerste om te zedgewe er samen terug tegen aan gingen.
We bereiken beiden een mijlpaal in ons leven dit.jBedankt voor alles en vooral voor het
opvangen van Owen. Hij heeft nu ook zijn mama teNigneruda tena.

Katrien De Westelinck, Sint-Niklaas.

Dit onderzoeksproject werd gefinancierd door hgtdider Onderzoeksfonds (BOF) van de
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Chapter 1
General introduction: the growing impact of multofreelearning
materials

Living in a ‘visual’ culture implies that humans general and learners more specifically,
have to consider a wide variety of signs. WilemB®9@3) introduces in this context the
concept ovisual literacyand defines this concept as “the ability to ‘réaderpret, and
understand information presented in pictorial @pdpic images” (Wileman, 1993, p. 114).
Learners need to master the competence to ‘readliprehend and understand these signs.
Vygotsky (1987) considers signs tofmychological toolshat are essential for knowledge
construction.

In this dissertation - although the domain of seiosowill not be tackled - the concept
of signsis central in the theoretical framework and théedent empirical studiesSignswill
be referred to by using the teroonic symbol signghough a broad spectrum of related
concepts is used in the literature. Iconic symigiscomprise a wide variety of visual
representations that differ in the way they arergjly, weakly and sometimes eveot based
on realistic representations. This helps to distisiy between two subsets of iconic symbol
signs, namely descriptive and depictive represiemtsit Text, formulae or logical expressions
are defined adescriptive iconic symbol signi this case, there are clear conventions about
the link between the sign and the related mearihgse conventions are reflected in an
iconic symbol sigrsystenthat forms the base of the representational sy§&mmnotz, 2002;
Schnotz & Bannert, 2003). In contragépictive representatiorsich as pictures (i.e., more
realistic), graphics (i.e., graphical representatibrealistic elements) or sculptures do not
build on clear-cut iconic symbol sign systems (Guoad, 1976). They convey an integrated
piece of information in its entirety; they are rstit image of an object or scene. Goodman
(1976) states that wehter a sign is depictive, fiepresentational) depends not on its
resemblance to what it denotes but rather upamwtsrelationships to other symbols in a
given system.

Figure 1 gives an example of a depictive iconic lsghsign. The Eiffel tower is
represented in a realistic way by this iconic syhsign. Depictive symbolic signs require
that learners are able to link inherent structteatures to the content being represented.

2 -
Figure 1.A depictive (i.e., realistic) iconic symbol signtbie Eiffel tower.



2 Chapter 1

The ability to read, interpret and understand imfation presented in pictorial and
graphic images will differ on individual level. Tieeare people whom are highly capable and
able to read, interpret and understand the pregémi@mation correctly. Such persons can
be called visual literate while others visual diiite because they do not posses the ability to
read, interpret and understand information. Thicativariable in this context is the mastery
of iconic symbol signs which can only be achievaduagh practice (Gilbert, 2005; Gobert,
2005; Roth, 2003; Roth, Ardenghi, & Han, 2005).rgsama (in press) refers in this case to
the learning process that centers on the meanittgeofisual representations which is needed.
If the iconic symbol system used is unfamiliariie tearners (i.e., they have not mastered the
system) they will experience difficulties ‘groundirthe sign and processing the information.
The example in figure 2 demonstrates how learnéghtndiffer in their mastery of symbol
signs and how this can affect the correct or adeqguéerpretation of iconic representations.
Most learners acquire mastery of the descriptivaicsign system (i.e., textual
representation) to rightly interpret the meaninghef text50 kmor 200 kmin a systematic
way.

Depending on their prior knowledge about Parignes might also have become
acquainted with the depictive iconic representatibthe Eifel Tower. But, the interpretation
of the depictive representation of the arrows, remuilt in more differences between learners,
depending on how their prior knowledge helps thesigsn meaning of ‘from’ and ‘to’ to the
arrows. Potential differences between learnersrbeaeven larger when we look for the
meaning of the representation of a woman with &lghithe example. There is room for
multiple interpretations (e.qg., friend, girlfriendife, family, mother or grandmother). A
mathematical formula, the representation of a chahsitructure, the representation of a flow
diagram in a programming language, the labellingle€trical circuits, et cetera all of these
are typicaliconic symbol systems

200 km

Figure 2.Example of a depictive symbolic sign.

Iconic symbol signs have played an important molsdientific development (Gilbert,
2005; Roth, 2005; Roth & Lee, 2004; Roth, Pozzetehghi, & Han, 2005) as they have
become a central part of the body of scientificiklsalge (Gilbert, 2005; Roth, 2005). Being
a scientist, in any field, implies the masteryla# telated iconic symbol signs. The resulting
scientificvisualliteracy is a competence that is central to theteng®f specific scientific
knowledge domains. It is therefore no surprise ithsttuctional designers emphasize the
importance of the competence in ‘reading’ and ustd@ding the iconic symbol signs
(Ainsworth & Loizou, 2003; Angeli & Valanides, 200@handler, 2004; Chang, Sung, &
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Chen, 2002; Lowe, 2003; Lewalter, 2003; Mayer, Z0@D03, 2005; Novak, 1998; Roth &
Bowen, 1999; Roth, Pozzer-Ardenghi, & Han, 2009 ri&tz, 2002; Schwan & Riempp,
2004).

Along with printed books, a variety of media — sashtelevision, computers, the
internet — build on a variety of iconic symbol sgiiegarty, 2004; Roth & Bowen, 1999;
Roth, Pozzer-Ardenghi, & Han, 2005; Schwan & Rieng{04). In instructional settings,
Houghton and Willows (1987) observe a clear trendrtrich instructional materials with a
variety of iconic symbol signs: text, both printad on the computer or television screen, is
augmented with all kinds of graphics (e.g., animastatic, color, black and white) (Bishop &
Cates, 2001; Leahy, Chandler, & Sweller, 2003; Lo2@®3; Schnotz, 2002). Furthermore,
also sound is added to the representations. Adwitlescribed, the rationale to include these
iconic symbol signs is varied and builds on a vgrad theoretical and empirical assumptions.

Enriching instructional materials with iconic synhisgns is central to the use of
multimedia. Mayer (2001a) defines multimedia atofes: “Multimedia is the presentation of
material using both words and pictures. By wordsglan that the material is presented in
verbal form, such as printed or spoken text. Byupés, | mean that the material is presented
in pictorial form, such as using static graphiascluding illustrations, graphs, photos or
maps, or using dynamic graphics, including aninato video.” (Mayer, 2001a, p. 2). Over
the years, Mayer’s research has evolved into hgn@iee Theory of Multimedia Learning
(CTML) (Mayer 2001a, 2001b, 2003, 2005). In thisdhy, he builds on theoretical
assumptions, such as the dual channel assumgitmiiited capacity assumption, the active
processing assumption to arrive at a variety afgiples. Although Mayer uses the concept of
principles in this dissertation we approach these principtggiidelines since they will be
employed as directives to develop learning matetlzt have a differential impact on
learning achievement. Also in the subsequent chaftat present reports about the different
studies set up in the context of this dissertatiaawill consistently refer to the CTML-
principles by adopting the conceptgfidelines

The theoretical base and guidelines laid down byeMaave been adopted by many
researchers to develop instructional materialsijarove learners’ achievement (Gellevij, van
der Meij, de Jong, & Pieters, 2002; Leahy, Chande8weller, 2003; Martens, Valcke,
Poelmans, & Daal, 1996). In addition, a large botlgmpirical studies has been set up to
validate the CTML-guidelines. The results of thetelies helped to ground - in a very
convincing way - the relevance of the guidelineabl€ 1 gives an overview and short
description of a set of these studies. Importarg,hie that most CTML-studies were carried
out in the field of the natural sciences (i.e.|dyy, chemistry, and physics). This brings us to
the central research problem of this dissertatiamely whether the CTML is also valid in
alternative knowledge domains such as the sodahses?



Chapter 1

Table 1. Overview of studies focusing on the impd@pplying iconic symbol signs

Topic/knowledge domain

Research

Iconic symbol sapyroach

Pumps

Brakes

Lightning

Generators

Lungs

Soldering

Chemistry

Ecology

Machines

Vitamins & minerals

Meteorology
Geographical time
differences

Training program for
‘experimental research’
Introduction to
instructional design
Financial decision

making

Mayer & Anderson, 1991

Mayer & Anderson, 1992

Mayer, Bove, Bryman,
Mars, & Tapangco, 1996

Mayer & Gallini, 1990

Mayer & Sims, 1994

Kalyuga, Chandler, &
Sweller, 1999

Kozma, 2003

Roth & Bowen, 1999

Hegarty & Just, 1993

Seufert, 2003

Lowe, 2003

Schnotz & Bannert, 2003

Tabbers, Martens, & van
Merriénboer, 2004
Tabbers, Martens, & van

Merriénboer, 2004

Depictive: step-by-stewings of a pump in
different states

Depictive: step-Bpadrawings of brakes in
different states

Depictive: step-by-step drawings and animations

Depictive: stepdigp drawings of generators in
different states

Depictive: step-by-stepwdngs of lungs in
different states

Depictive: videos of soldering workmen

Descriptive (i.e., chemicahfula) and depictive
(i.e., set-up of chemical experiment) of process

Descriptive: Cartesiaapips representing cause-
effects

Depictive: machinefions

Depictive withechical set-up and chemical
elements in the process

Descriptive: meteorologiceps in different states

Descriptive and depictive: carpet and circle diags

Depictive: diagrams

Depictive: diagrams

Stern, Aprea, & Ebner, 2003 Descriptive and depgctmathematical graphs
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First order logic Dobson, 1999 Depictive and degsire
First order logic Stenning, 2003 Descriptive (ilegical expressions) and depictive
with logic tables

First order logic Dobson, 1995 Depictive: Venn &l&uepresentations

Outline of the conceptual base of thisdissertation

The central research problem of this dissertamtroduces a number of key concepts that
will be discussed in detail in the next paragrapderning with multimedia, guidelines to
develop more optimal learning materials. Since weysthe validity of the CTML in
knowledge domains that differ from Mayer and calleas, much attention will be paid to the
critical mastery of iconic symbol signs in part@uknowledge domains. Since we
hypothesize that learners might have difficultiehwhe descriptive and depictive iconic
symbol signs used in the social sciences, we puiaial a number of additional guidelines
that might help to overcome these problems. Ingfsestions we introduce the theoretical
base for the activation guideline, the collaboragoideline and the training guideline.

The Cognitive Theory of Multimedia Learning (CTML)

This dissertation’s focus on tleegnitivetheory of multimedia learning positions the reshar
in the cognitive perspective towards knowledge esstg. The human cognitive structure is
considered to resemble an information processimgtstre (Bransford, 1979; Craik &
Lockhart, 1972) based on processes to retrievee atad process information. Initial
theoretical conceptions of the information proaegsnodel have been criticized (e.g.,
Schunk, 2004). A variety of alternative models wasforward: thedual channemodel

where people receive multiple forms of informatioa two sensory channels (i.e., auditory
and visual), and the information received may beds@nd pictures (i.e., verbal and
pictorial), thus being processed through dual apdiystem (Baddeley, 1992, 1995; Neath,
1998; Paivio, 1978, 1990, 1991), tmelltiple channel communicatianodel in that it

involves simultaneous presentations of stimuli tigtodifferent sensory channels (i.e., sight,
sound, touch, etc.) which will provide additionaihauli reinforcement (Broadbent, 1956;
Moore, Burton, & Myers, 1996; Shannon & Weaver, 294nd thesensory-semantiaodel
(Nelson, 1979). All these models share the follgMeatures: the dual channel assumption,
the active processing assumption and the limitgdciéy assumption.

CTM- assumptions
Table 2 gives a brief overview of the key authbit tan be linked to the CTML-
assumptions.



6 Chapter 1

Table 2. Research about the assumptions

Assumption Description References

Dual channel Humans apply different channels to Baddeley (1992, 1995)

assumption process visual or auditory information  Paivio (1978, 1990, 1991)

Active Humans are actively involved in a Barab, Evans, & Back (2000)

processing continuous selecting-, organisation- and Bodemer & Ploetzner (2002)

assumption integration process Bodemer, Ploetzner, Brichmiller, & Hacker
(2005)

Bodemer, Ploetzner, Feurelein, & Spada (2004)
Brekelmans, Slegers, & Fraser (2000)
Jonassen (2000)

Mayer (2001a, 2003, 2005)

van Hout-Wolters (2000)

Wittrock (1989)
Limited Humans can only process a limited Baddeley (1992, 1995)
capacity amount of information in each channel atChandler & Sweller (1991)
assumption the same time Kirschner (2002)

Paas, Renkl, & Sweller (2003)

Sweller (1988, 1994, 2005)

Dual channel assumption

This first assumption has — as stated above -@hstory in cognitive psychology. Mayer
builds largely on Paivio (1978, 1990 and 1991) Baddeley (1992, 1995). Central to the
assumption is the attention paid to the presemdtionat of information, also called the
modality of the presentation: visual (e.g., temtages), and auditory (Mayer, 2001a, 2005;
Mayer & Anderson, 1991; Mayer & Anderson, 1992; Ma§ Moreno, 1998). Mayer builds
in this context, clearly on Paivio who stated tiextual material is stored in propositional
format and images are stored both in visual angdgsitional format, and on Baddeley who
distinguishes two slave systems within the workimgmory to process either verbal
information (i.e., phonological loop) or visuo-spatnformation (i.e., visuo-spatial
sketchpad). Mayer expands this assumption to digitsh in addition to text and images (i.e.,
non-verbal), also the auditory presentation ofrimfation (i.e., verbal).
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Differences in the presentation mode of informatoa reflected in differences in the
sensory mode to process this information. The ptaten modality distinguishes therefore
between a verbal and a non-verbal mode, each acegsed following a separate channel.
This channel depends on the sensory mode pickéy efiher the eyes or ears. This is an
extension of the models presented in the literatheepresentation-modality and the sensory
modality are indissolubly connected with each otsee Mayer, 2001a, 2001b, 2003, 2005;
Mayer & Anderson, 1991, 1992; Mayer, Bove, Brymidiays, & Tapangco, 1996; Mayer &
Sims, 1994).

Active processing assumption

The second assumption states that humans arelg@ngaged in cognitive processing to
construct a coherent mental representation of eéhgieriences. This assumption contrasts
with the idea of humans as passive receivers ofimiition and knowledge. Mayer derives
from this assumption two implications: the presdnte&terials should have a coherent
structure and should provide the learner with gud@ato process the information into
cognitive structures. If the learning materialkl#tus, the learner will experience difficulties
in processing information while selecting materiaks., bringing information to the storage
system), organising (i.e., developing structurkdtrens between elements) and integrating
processed information with relevant prior knowledifayer, 1989, 1996, 1997, 2001a, 2005;
Mayer & Gallini, 1990; Wittrock, 1989).

Limited capacity assumption
The limited capacity assumption states that huraaméimited in the amount of information
that can be processed along each channel (i.evighal channel and the auditory channel).
Mayer focuses on the limited capacity of workingmneey and links this to the concept of
cognitive load (Chandler & Sweller, 1991; Swell#988, 1989, 1994, 2005; Sweller &
Chandler, 1994). Whereas the capacity of long-teemory is unlimited, working memory
(i.e., short term memory) is limited in the extantvhich it can process a number of chunks
at the same time (Miller, 1956).

Sweller and Chandler distinguish three types ohaoge load: intrinsic cognitive
load, the germane cognitive load and the extraneogsitive loadIntrinsic cognitive loads
simply linked to the complexity of the informatitweing processed, and cannot be prevented,
unless we reduce the complexity of the informat®armane cognitive loa(Sweller, van
Merriénboer & Paas, 1998) is the cognitive loa#tdith to the construction of a cognitive
schema. It is this type of cognitive load thatinstional designers try to foster and support.
In contrastextraneous cognitive lodths a detrimental impact and is caused by thetheay
materials have been presented to the learner. &ywe#in Merriénboer and Paas (1998) give a
variety of ways to reduce the extraneous cognltee and promote germane cognitive load.
They refer to graphical representations of the aantand, for example, the use of multimedia
(e.g., sound, animations, 3D visualization). Mas@ggests in this context not only to enrich
for example, textual information with graphics, lalgo to exploit the alternative information
processing channel that builds on auditory inforamatThis can be done by adding a voice-
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over to animations instead of presenting text t@xhe animation (Mayer, 2001a). Other
authors present other solutions to cope with cognlibad (Paas, 1992; Sweller, 1989; van
Merriénboer & Kirschner, 2007; van Merriénboer,d€inner, & Kester, 2002): (1) worked
examples: learners work with exemplary partiallijved problems; (2) goal free problems:
this helps learners to redirect their attentiomfra means-end strategy to a strategy in which
they are invited to work their way forward from the@en information; (3) hierarchical
approach: this implies that based on a task arsaligsrners tackle first the sub-components
of the knowledge base before working on the moreptex knowledge elements; (4)
emphasis manipulation approach: in the contextgbalem, learners are invited to tackle a
specific sub-part of the problem; (5) completiomatggy: learners complete incomplete
solutions; (6) expert-like problem analysis: leasnfellow a specific set of questions that
replicate the type of approach adopted by an exjretthe context of our empirical studies,
cognitive load will be considered as an importaiigator to study the impact of alternative
ways to deal with multimedia in learning materials.

CTML in action

Information processing theory explains how inforim@is processed until it is stored in long
term memory. The CTML builds on the same cognisitracture (i.e., working memory, long
term memory,...) as visually presented in figure &{er, 2001a, 2001b, 2003, 2005). But,
taking into account the assumptions explained,lighfgocessing channels are described.
The different modality channels and related mensaaire distinguished: sensory memory,
working memory and long term memory. Informatioaaiees the ears or eyes (via pictures
or/and words) through a multimedia presentatiom. &4ars and eyes, information enters
sensory memory where relevant information will beested to be sent to working memory.
Conversion between sound and images is possibledral words are also presented as text).
In working memory, the organization of the seledtedges and words result in the
construction of pictorial or verbal models. Thesedels are integrated to be linked to prior
knowledge in long term memory.

The CTML does not suggest that cognitive proceasedinear in nature. An active
learner is able to move between memories and mobleismobility is a key feature of the
model. Also, the two channels to process infornmatiannot be seen as isolated from one
another. Presenting ‘oral spoken words’ to a leadees not imply that the processing will be
limited to the auditory channel. Oral words candgaample, be converted to text (i.e.,
conversion). This implies that there are interadibetween both channels during the
processing of the information necessary to devatomtegrated and coherent mental model
that is linked to prior knowledge.
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Figure 3.Cognitive theory of multimedia learning (Mayer, 260 p. 44).

When learners are presented with complex informatidoe processed, the
presentation format will play a decisive role. Aistpoint we can repeat our earlier discussion
about the importance of the mastery of the icopiml®l system that has been applied to
develop the presentation. When learners cannad builtheir prior knowledge to interpret the
descriptive or depictive iconic symbol sign theyl wkperience difficulties that can be
labelled as for example, extraneous cognitive |dfathis iconic symbol system is unfamiliar
to them, they will experience difficulties in ‘groding’ the sign and developing an integrated
model to relate to prior knowledge. In this disagon we question whether learners have
invariably been able to develop adequate prior kadge to understand the iconic symbol
signs commonly used in certain knowledge domamghis context we point to a possible
mismatch between iconic symbol systems masterediégrner and the system applied in a
particular knowledge representation by the instometi designer or content area expert (De
Westelinck, Valcke, De Craene, & Kirschner, 20@ther authors discuss the same idea,
though they do not always link this to the CTML @3on, 1995; Goodman, 1976; Lewalter,
2003; Lowe, 2003; Stenning, 1999; Stern, Aprea,bfaét, 2003). The natural sciences may
more easily build on iconic symbol systems thatspesa strong relationship with a realistic
representation or with clear conventions to diteetrepresentations, something that is less
apparent in the other knowledge domains such asatial sciences. We hypothesize that this
will affect the selection, processing and orgamizabf information.

The basic CTM- guidelines in the context of multiiméearning

The practical relevance of the CTML is clear whenstudy the implications for the
development of multimedia learning materials (Reim&003). Mayer distinguishes the
following multimedia modalities. First, he differgstes between visual representations that
build on text, and/or graphics. The latter cantaéicsor dynamic (i.e., animations). This can
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be linked to the variety of depictive and descvipticonic symbols discussed above.
Although he uses mostly the word animation in defirthe guidelines, in the context of this
dissertation graphics are primarily the multimeeliments in the learning materials.
Secondly, Mayer distinguishes auditory represemtatihat could be oral speech (e.g.,
narration) or sound in general (e.g. music, baadkgdmoise,...). When Mayer refers to
‘words’, this can refer to either a visual and/adi@ory representations.

As stated earlier, we approach the CTlgtinciplesasguidelinesthat will direct the
multimedia design of learning materials in a seakexperimental studies. This explains why
we consistently will adopt the concept of guidetimestead of principles when discussing
Mayers’ assumptions related to the CTML-principles.

The guidelines (Mayer, 2001a, 2003) applicablertoted and interactive multimedia
learning materials are the: (@ultimedia guidelinestudents learn better from words and
pictures than from words alone (Mayer, 2001a, [, @9 spatial contiguity guideline
students learn better when corresponding wordgardres are presented near rather than far
from each other on the page or screen (Mayer, 2@ %d); (c)temporal contiguity
guideline students learn better when corresponding wordatures are presented
simultaneously rather than successively (Mayer,1a0. 96); (droherence guideline
students learn better when extraneous materiaicisi@ed rather than included (Mayer,
20014, p. 113); (enodality guidelinestudents learn better from animation and nameattian
from animations and on-screen text; that is, stigliearn better when words in a multimedia
message are presented as spoken text rather ithgeddext (Mayer, 2001a, p. 133); (f)
redundancy guidelinestudents learn better from animations and namahan from
animation, narration and text (Mayer, 2001a, p.)B#d (g)individual differences guideline
design effects are stronger for low knowledge leesthan for high knowledge learners and
for high spatial learners than for low spatial teaas (Mayer, 2001a, p. 161) (see Mayer,
20014a, 2001b and 2003 for an overview). Below different guidelines are discussed in
greater detail.

The multimedia guideline

This guideline indicates that, according to the AT Marners learn better from words and
pictures than from words alone. Words and pictyressented together, provide learners the
opportunity to construct both a verbal and a piatanodel - as discussed above - and make
connections between them. This results in a rigftegrated mental model. Mayer (2001a)
presents a variety of examples and studies thatrpmdthis guideline. A typical example is
the comparison of learning from a textual desasiptof a ‘pump’ (i.e., not the multimedia
version) versus the schematic representation gbuingp including text describing how it
works (i.e., the multimedia version).

The spatial contiguity guideline

The spatial contiguity guideline builds on the fdwt learners learn better when
corresponding words and pictures are presenteldse roximity of one another. When
corresponding text and graphics are kept near ethehn, it will be easier to retain both the



General introduction 11

text and the graphics together in working memorgy®t (2001a, 2005) puts forward much
empirical research to ground the effectivenessisfguideline (Mayer, 1989; Mayer &
Moreno, 1998; Mousavi, Low, & Sweller, 1995). Thefer in this context to the split
attention effect, a more general but comparabl®ndb the spatial contiguity guideline. The
split-attention effect is defined as the learnimpairment caused when learners must make
integrated models on the basis of disparate infoomgAyres & Sweller, 2005; Chandler &
Sweller, 1991; Sweller & Chandler, 1994). To redtieecognitive load caused by the split
attention effect, a variety of instructional desidaas have been studied that build on the
spatial contiguity guideline (Paas, 1992; Swell®89; van Merriénboer, Kirschner, &
Kester, 2002). When two representations are remfreed one another, learners have to cope
with morespace Covering this space is possible but abat Imagine a book that explains in
detail how lightening works during a storm on oag, while a set of graphic static
representations ‘depicting’ this same phenomendaouisd on the next page. The same set of
related information is presented twice, but by nseafrdifferent representations. Both the
graphical and textual representation can be coresidees separate routes for delivering
information to the learner. But in this case leasrteave to use extra cognitive resources to
look for the corresponding words and graphics stheg are not presented near each other.
The CTML states that in order to reach an integratental model, all information should be
represented in such a way that learners are hedpewild connections between different
representations. Connections will cognitivebstmore when thepaces too large between
alternative representations. This puts a highat tbaspending cognitive resources and
results in additional increased cognitive load (ik&n, Plass, & Leutner, 2003; Brinken,
Steinbacher, Plass, & Leutner, 2002; Grace-Ma291; Mayer & Moreno, 2003; van
Bruggen, Boshuizen, & Kirschner, 2003; van Brugdé@rschner, & Jochems, 2002).

Temporal contiguity guideline

Similar to limitedspacealsotimeis a scarce source when having to process complex
information. The temporal contiguity guideline swthat learners perform better when
corresponding words and pictures are presentedtsineously and not successively. It can be
argued that a successive presentation of a narratid a graphical representation of how
lightning evolves can be beneficial. The same mifatron is repeated. But, building on the
dual channel assumption, Mayer argues that (1) inattkalities can be processed at the same
time, and that (2) simultaneous presentation festeegration of the visual and verbal
representations in working memory. In contrastatgeies that a consecutive presentation
leads to amverloadin the working memory, because learners needing bne first
representation back to it while processing the s@é@me. Mayer reintroduces in this context
again the split attention effect, already discus3é&e time delay in the presentation of both
knowledge representations causes a detrimentalesi@ntion effect. Mayer and his
colleagues present convincing empirical evidencgufiport this guideline (see e.g., Mayer &
Anderson, 1991, 1992; Mayer & Simms, 1994; Morenbl&yer, 1999).
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Coherence guideline

Extra and irrelevant material distracts the leashattention and do not lead to better learning.
Learners learn better when irrelevant materiabisimcluded in a multimedia presentation. It
causes extraneous cognitive load and can be ldbasdkxtraneous materialfThe CTML

states that extraneous materiadtisalingcognitive resources in working memory. It is
possible that (1) attention is diverted from relgviaformation, (2) information organisation
process is interrupted and/or (3) learners buildtalenodels related to inappropriate
information. Mayer (2001a) distinguishes three e¢ehee guidelines. Firstly, learning is
compromised when interesting but irrelevant womis pictures are added to a multimedia
presentation. Extra material can make a presentatmre attractive but will divert learner
attention (e.g., anecdotes about volcano eruptmasdescription of the mechanisms behind a
volcano eruption). Mayer refers to this as sedeatigtails (Garner, Brown, Sanders, &
Menke, 1992; Garner, Gillingham, & White, 1989; pi& Mayer, 1997, 1998). Secondly,
learning is impeded when interesting but irrelevaninds and music are added to a
multimedia presentation (e.g., adding poetic bambgd music to a representation of a
Norwegian fjord). Third, learning is improved whennecessary words are removed from
multimedia presentations. Abstracts are for examplae effective than extensive and
elaborated texts. Empirical research supports|ims in relation to these varying
interpretations of the coherence guideline (MaBene, Bryman, Mars, & Tapangco, 1996).

Modality guideline

Students learn better from animation and narratian from animations and on-screen text;
that is, students learn better when words in aimallia message are presented as spoken
rather than printed text (Mayer, 2001a, p. 133)sTuideline is a reformulation of the dual
channel theory (Baddeley, 1992) or dual coding mhé®aivio, 1978, 1990, 1991). The
working memory, according to Baddeley, is builthypthe visuo-spatial sketch pad and the
phonological loop. The latter is used to processtary material and the sketch pad is used to
process visual material. Presenting visual andtarydinformation fully exploits the cognitive
capacities of both channels. Presenting only visdatrmation (i.e., a graphic and a printed
text) implies that we have to process the textgnaghical representations at the same time
which will result in cognitive overload in the visuchannel. Mousavi, Low, and Sweller
(2995) built on this modality guideline in theiisearch. They see the modality guideline as
increasing cognitive capacity when both the augitord visual working memory can be

used. Representing information according to suetixad mode will increase the effective
activity in working memory. In close analogy, Bighand Cates (2001) discuss different
theories to support the use of sound in multimézhaning and state that sound plays a role in
information processing (i.e., gaining attentiomsalidating information, elaborating visual
stimuli). Kalyuga, Chandler, and Sweller (1999),yda(1997, 2001a), and Mayer and
Moreno (1998) present a fully documented set adisgito underpin the impact of the
modality guideline.
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Redundancy guideline

Students learn better from animations and narrdaktian from animation, narration and text
(Mayer, 2001a). CTML contradicts with this guideia current practice for example, adding
on-screen text to narrated animations. Based olintited capacity assumption, adding text
causes an overload in the visual channel of thaitieg system. Adding on-screen text to a
narrated animation will therefore result in podearning. This guideline has been largely
confirmed by empirical research (Leahy, Chandle§weller, 2003; Mayer, Bove, Bryman,
& Mars, 1996; Moreno, & Mayer, 2002; Kalyuga, Chemd& Sweller, 1999). It can be
argued that learners might get the opportunityhimose a preferred optimal representation
mode when offered a variety of representationss ghideline can be linked to the particular
literature about learning styles that point at @refces for knowledge representations. We do
not enter this research field in the present diagen, but refer to the related literature (see
e.g., Dunn & Dunn, 1978; Dunn, Dunn, & Price, 19¥&twistle, Hanley, & Hounsel, 1979;
Gardner, 1953; Kolb, 1976; Riding, Grimley, Dahr@&&Banner, 2003; Witkin, Moore,
Goodenough, & Cox, 1977). But as will become cledhe next section, we nevertheless
partly deal with this issue, when discussing indiisl differences.

Individual differences guideline

The guidelines have a stronger impact in learnétts law-prior knowledge and high-spatial
abilities. CTML enters in this way the discussidioat individual differences and partly the
discussion arena abastyles In a growing number of studies, Mayer is ablenderpin his
assumptions (see discussion in Mayer 2001a) higpethesized that high-spatial learners
have an advantage over low-spatial learners. Higlttia learners possess the cognitive
capacity to mentally integrate visual and verbalesentations from effective multimedia
presentations whereas low spatial learners nesthke available more cognitive capacities to
hold visual representations in working memory. Hiter leads faster to insufficient capacity
remaining for the integration of both visual andbzg representations. A second critical
individual difference is related to the level ofgurknowledge. High-knowledge learners are
able to use their prior knowledge to compensatdaitk of guidance in the presentation
whereas low-knowledge learners do not have thaipitiy. It is comparable to the expertise
reversal effect (Kalyuga, Ayres, Chandler, & SwelR003). Instructional techniques that are
highly effective with inexperienced learners caseltheir effectiveness and even have
negative consequences when used with more expeddearners. Since the conception of
the CTML and the definition of the first seven CTMuidelines, Mayer and his colleagues,
but also other researchers have advanced addigomdglines (Mayer, 2005). In the context
of this dissertation, we start from the initial s€seven guidelines, but build on more recent
CTML-studies when these new guidelines prove toflrelevance for the studies reported
here.
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The validity of the guidelinesin the social sciences

The crucial role of mastering the iconic symboltsys

Together with other researchers (see e.g., CoX9)19& state that the potential positive
impact of adding multimedia to learning materialsiffected by the degree to which learners’
understand the semantics of the representatiostdmy(i.e., iconic symbol system).

Although we do not discuss semiotics in detailted research plays an important role. The
empirical findings of Lowe (2003) suggest that teas more easily extract information from
representations with clear visual-spatial chargties, such as structural coherence and
distinctive appearance (e.g., closely related aditg. Novices attend to visually salient
aspects of the representations that are not relewhereas experts look at the relevant
aspects. They do not extract the same level ofnimdétion from representations that lack these
gualities. He concludes, in a study on learningemietiogy from weather maps, that students
do not extract the major meteorological concepimfiveather maps and that their mental
models are “likely to be incomplete, fragmentarg ai limited value in building high-quality
mental models of weather map dynamics” (Lowe, 2@03,74). He stated that novices attend
to visually salient aspects of illustrations thia aot relevant to solving a problem, whereas in
contrast, experts look at relevant, though lesersaleatures. Indicators for the critical role of
the masterpf the iconic symbol systems can also be founttienstudy of Schnotz, and
Bannert (2003) that had to conclude that addintupes to text is not beneficial in general,
and that it can even have negative effects onilegumecause they can interfere with the
construction of mental models. In a more expliaywDobson (1999) found that the impact
of multimedia representations is influenced bydtigculties learners experience in
interpreting the representations. He also deterthihat students actually prefer lexical parts
in the learning materials to diagram-representation

Iconic symbol system

In the introductory part of this chapter, the cqitsé&onic symbol sigmndiconic symbol
systemwere defined. Signs and sign systems lie at tee b&a scientific knowledge domain.
Mastery of the symbol system is referred to witiuanber of concepts. Some authors
consider it to be part afcientific literacy:the competence to understand and present
information as sketches, photographs, maps, ptdwasts, diagrams and other (non-)textual
representations (Aldrich & Sheppard, 2000; Gilb2005; Gobert, 2005; Roth, Pozzer-
Ardenghi, & Han, 2005). Wileman (1993) applieshistcontext to the concept wkual
thinkingwhich he defines as the ability to conceptualizé present thoughts, ideas and data
as pictures and graphics, replacing much of thealevords we now use to communicate. A
more focused definition is given by Kozma and RUE4@05) when they refer to
representational competencethe knowledge domain of chemistry. Accordinghem, this

is the set of skills and practices that allow aspaerto reflectively use a variety of iconic
symbol signs, visualizations, individual and togetnd act on phenomena in terms of



General introduction 15

underlying, perceptual entities and processesisndissertation, we adopt the tesgientific
literacy when referring to the mastery of the iconic syngighs and systems.

In scientific literacy, a distinction can be dratbetween five competency levels (see
Table 3). At a first and basic level, the symbaiign is looked upon as an iconic depiction of
the concept or phenomenon. At a second level, sliendlalls play a prime role. The
representation is expected to be more than a depimhe, but also a descriptive, symbolic
representation is adhered to. But the learner doealways apply this symbolic sign
correctly (i.e., she/lhe makes semantic and/or syintarrors). The third level states that there
IS a more appropriate syntactic use of iconic syirslgms. Learners apply the iconic symbol
system in a rather personal way that is not alvi@@96 accurate. This evolves into the fourth
level, where in addition the semantic use of forioahic symbol signs is now mastered.
When the learner is able to use the iconic symigolsscorrectly and make connections
between different representations, the fifth lasekeached. At this level, a learner can use the
representations reflectively and rhetorically, whinay be considered to be the expert or
master level (Dori & Belcher, 2005; Kozma & Rus2€05). To reach the master level, it is
important to be exposed to a broad array of typeymbolic sign systems. This implies
getting opportunities to sufficiently practise tigove mentioned skills. The research,
discussed in this dissertation, questions whet@nkrs, when presented with learning
materials in e.g., the domain of the social scienbave attained a sufficiently high mastery
level of the implied iconic symbol system that leshe base of a multimedia representation.

It is not possible, in the context of this disskota to study the wide variety of
approaches adopted within the social sciences efdrer, we will consistently study the
design of learning materials in the field of theieational sciences.

Table 3. Levels of scientific literacy
Level 1 Representation as an isomorphic, iconidatiep.

Level 2 Early symbolic skills. The person is fa@uilwith the formal iconic symbol signs system bsesi
it without regard to syntax and semantics.

Level 3 Syntactic use of formal iconic symbol signs

Level 4 Semantic use of formal iconic symbol signs.

Level 5 Reflective, rhetorical use of iconic symbigns.

The mastery of iconic symbol signs and systemsasngtiructuring and grounding

The previous section points at critical cognitivegesses that interfere with the cognitive
processing of multimedia learning materials. R@006), Roth, Pozzer-Ardenghi and Han
(2003) and Gilbert (2005) refer in this contexthlie process of reading iconic symbol signs as
a semiotic activity where three different elemantsrrelate with each other: tlsggn the
referentand thanterpretant Signs are the material traces that refer theerefadsomething
other than themselves (i.e., the referent). Mdt&naaes can be in this case pictures, graphs
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and so forth. Signs can build on an iconic symigstem. Interpretants are commentaries on
the sign, definitions of the sign in its relatianthe referent object. Semiosis is the process
through which interpretants are produced. Theigeldietween signs and referents is arbitrary
and has to be consistent with culture (i.e., raled conventions). The semiotic process,
influenced by culture (i.e., rules and conventiphg)s to be acquired by novices. In addition,
signs can never be understood without being relatether surrounding signs.

Reading signs implies two processes: the struagypiocess and the grounding process.
When corresponding text and graphics are put ¢together, it will be easier to hold both the
text and the graphics together in working memorgy®t (2001a, 2005) puts forward a
number of empirical researches to ground the efieess of this guideline (Mayer, 1989;
Mayer & Moreno, 1998; Mousavi, Low, & Sweller, 199F hey refer in this context to the
split-attention effect, a more general but complaralbtion to the spatial contiguity guideline.
The split-attention effect is defined as the leagnimpairment that is caused when learners
are required to make integrated models based pamdite information (Ayres & Sweller,
2005; Chandler & Sweller 1991; Sweller & Chandlg394). To reduce the cognitive load
caused by the split-attention effect, a varietynstructional design ideas have been studied
that build on the spatial contiguity guideline (RaB92; Sweller, 1989; van Merriénboer,
Kirschner, & Kester, 2002).

Coping with a weaker mastery of the iconic sympstesn: alternative guidelines

Bringing together CTML-guidelines and the critickcussion about the conditional mastery
of the iconic symbol system underlying multimeddgnesentations is helpful to position the
next section of this chapter. As explained belavg studies to replicate the CTML findings

in the social sciences and other domains reveatahsistencies with the original CTML
findings of Mayer and colleagues. The discussiothefinconsistent results introduced the
need to formulate alternative guidelines to countexompensate for the weak mastery of the
iconic symbol system applied in the multimedia esgntation. Due to space limitations in the
research articles brought together in this dissertawe take the opportunity to present a
systematic and detailed overview of the theoretiesle that grounds these alternative
guidelines in this introductory chapter.

The activation guideline

The activation guideline implies those learnersexicitly invited to focus on the
multimedia representations and the iconic symbsiesy underlying the development of the
representation. Though positioned as an alternatideextra guideline, the activation
guideline is consistent with basic assumptiondhef@TML; more particularly the active
processing assumption. This implies that learnelecs process, and organize information in
working memory in an automatic way in view of threvdlopment of mental models and the
integration in long term memory. CTML expects thall designed learning materials
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promote active information processing (Mayer, 20@0D®1b, 2003, 2005). Activation could
also be considered as a way to reduce cognitive(lBaas, 1992; Sweller, 1989; van
Merriénboer, Kirschner, & Kester, 2002). In contrasthe CTML-assumptions, several
studies reveal that learners often remain passhanvpresented with multimedia
representations (Bodemer, Ploetzner, Bruchmiilladagker, 2005). This may be due to the
degree of unfamiliarity/lack of acquaintance of ibxarner with the iconic symbol system
being applied. Instructional interventions thatrpote the active creation of personal
multimedia representations are expected to cotinierThis would force them to develop
and use a personal iconic symbol system. We cérthimpotential of this guideline to a large
body of empirical evidence. Marzano, Pickering, &atlock (2001) present a meta-analysis
of studies that tested the active constructionomi-imguistic representations (NLR) and
report effect sizes varying from 0.5 to 1.3. Thotiggse studies do not always build on the
CTML, the studies share the cognitivist assumpttbas NLR support learners in processing
information and foster the development of mentatiei® within the working memory and/or
help to integrate these mental models into the temp memory. Other research has
suggested other ways to engage participants agiivéhe learning process: working with
concept maps (Novak, 1989) or presenting learnérspre-worked examples (Gerjets,
Scheiter, & Catrambone, 2006; Paas & van Gog, 2Paés, van Merriénboer, & Adam,
1994; Sweller, 1989, 2006; Sweller & Chandler, 1984n Gerven, Paas, van Merriénboer,
Hendriks, & Schmidt, 2002; van Gog, Paas, & vanréeboer, 2006; van Merriénboer,
Kirschner, & Kester, 2003). Activation is not to theemed part of a dichotomy between
learners that are either completely active or cetay passive. On the basis of a literature
review, Van Meter and Garner (2005) structure @&etapof activation levels along a
continuum. At one end, multimedia representatioesdaveloped by educational designers
and presented as such to learners (i.e., no aotiyaft the other end, multimedia
representations are constructed by individual l@rthemselves (i.e., full activation). In-
between both extreme types of activation, the aatposition ‘worked examples’ of
multimedia representations that consist of semsffied designs and where learners are
invited to complete the partially elaborated vistggdresentations.

The collaboration guideline

Distributed cognition theory (Hutchins, 1995) statieat in individual cognitive processing,
when corresponding text and graphics are placedaximity to one another, it will be easier
to maintain both the text and the graphics togetherorking memory. Working together in a
collaborative setting can be seen as a way to imgpiredividual learning processes. In a
collaborative setting iconic symbol signs are seecommunicative tools (Reimann, 2003;
Suthers & Hundhausen, 2001; Teasly & Rochelle, 1988 Drie, Van Boxtel, Jaspers, &
Kanselaar, 2005). The rationale for introducindatmdrative learning in instructional settings
is mostly linked to changing views about learning ghe nature of knowledge. This is often
referred to as social constructivism (Jonassen, Yarg, & Laffey, 2005; Van der Linden,
Erkens, Schmidt, & Renshaw, 2000). In this dissemnawe do not take this broad theoretical
perspective, but concentrate on the implicationsotiboration in view of working with
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iconic symbol signs (i.e., multimedia) in learnimgterials. During the collaborative process,
learners must make an effort to coordinate theiglage and activity toward shared
understanding (Driscoll, 2000; Greenwood & ThompBEdimer, 1999; Joyce, Calhoun, &
Hopkins, 2000; O’Donell & King, 1999; Van der limdeErkens, Schmidt, & Renshaw,

2000). Hence, learners in collaborative settingdieitly have to negotiate meaning, share
and compose joint views and construct shared krageleLearners can in this context
develop a shared representation of the knowledgaesits (Beers, Boshuizen, Kirschner, and
Gijselaers, 2005, 2007).

The training guideline

Since familiarity and/or acquaintance with an i@osymbol system is considered a key factor
that influences the adequate processing of knowletthg training guideline introduces an
alternative approach. This guideline thus introducaining in the active use of the iconic
symbol system. As explained, we can build on a-§tep model to direct the development of
the conditional prior knowledge to interpret cothgaconic symbol systems and reach
sufficient mastery (Aldrich & Sheppard, 2000; D&rBelcher, 2005; Kozma & Russel, 2005;
Roth, 2003; Roth, Pozzer-Ardenghi, & Han, 20005teiian, 1993). At a basic level, the
learner interprets the symbols as an iconic depidtiat evolves along the subsequent three
additional stages to a final stage where refleatse of the iconic symbols signs becomes
possible. The fifth level is considered mastetye ¢xpert level - the goal for scientists or
student-scientists (Dori & Belcher, 2005; Kozma &sRel, 2005). It is hypothesized that
training learners in using iconic symbol systemisageficial for learning performances. If
learners are taught how to deal with an iconic syinslgstem, cognitive load might decrease
and active processing towards the constructionesftal models and integration with prior
knowledge is stimulated. This may result in an@ase in learning outcomes. Gilbert (2005)
states in addition that the related mastery wifpiave through relevant experience. This is
confirmed by Kozma and Russel (1997) when they exsigk the importance of developing
these related competences. Other authors come &athe conclusions (Bowen & Roth,
2002; Brna, Cox, & Good, 2001; Roth, Bowen, & Maag 2005; Roth, Pozzer-Ardenghi, &
Han, 2005).

The empirical studiesin thisdissertation

The adoption of a design-based research approach

In what follows we try to explain how the studieer& designed and conducted. It gives a
clear view on how the studies followed each otheimg) three consecutive academic years.
The consecutive studies reported in this dissertdtave been set up as steps in a design-
based research cycle. While there is an ongoingtdedbout what constitutes design-based
research, we build on the definition of Wang anaidin (2005, p.6): “a systematic but
flexible methodology aimed to improve educationaqbices through iterative analysis,
design, development, and implementation, basedlaboration among researchers and
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practitioners in real-world settings, and leadiogdntextually-sensitive design principles and
theories”. Drawing on the available literature, sh@uthors stress five basic characteristics of
design-based research: “Pragmatic, Grounded, biteea Iterative and flexible, Integrative,
and Contextual” (ibid, p.7). Design-based rese&therefore a methodology that tries to
examine learning in naturalistic contexts thatdesigned for and can be changed by the
researcher. This research helps produce new tlseamgkinspires practices for learning and
teaching in naturalistic settings (Barab & Squ@Q4; Cobb, diSessa, Lehres, & Schauble,
2003). Researchers using this methodology systeafigtadjust various aspects of the
environment so that it can be seen as a type ararpntation that allows the testing and
generation of theory in naturalistic contexts (Bmw992). Clearly the presented studies took
the design based research cycle into account aodporated the findings of earlier studies,
repeated earlier features, added new alternatteevientions, and partly replicated earlier
findings. As a start, the CTML-guidelines were asbed in a replicating research in the
social sciences. Seeing that the results of tisagareh were not as expected, it made us revert
to the literature to look for new and additionaldglines. The adoption of additional
guidelines (i.e., activation, collaboration, traig) is an example of how new instructional
approaches were considered in the consecutiveestutine consecutive studies share a
number of features to enable the development ohaistent empirical body of knowledge
about the impact of the original CTML and altermatguidelines. First, the consecutive
studies were set up in the same context of a wityezourse for university freshmen. All the
studies were set up in a naturalistic quasi-expamiad setting during three consecutive
academic years. Each study started with an overiall knowledge test about the content of
the learning materials to be studied. Addition&timation about background variables of the
participants was obtained. Research participante vaamdomly assigned to specific
experimental or control conditions. In each reseaandition, participants studied
subsequent sets of learning materials (three todeis). Each set started and ended with the
administration of a knowledge and application tEsiowledge tests studied the retention of
information by learners; application tests wenteg gurther by testing how much of the
knowledge the learners could transfer or applyrmilar situations. Twice during the study of
the sets of learning materials, participants wsked to score their perceived cognitive load.
In the literature, measurement of cognitive loach&nly based on the learners’ subjective
report of their perceived mental effort. This résuh a subjective cognitive load score. The
scale applied in these studies was developed by, Raakl, and Sweller (1994). Participants
write down the amount of effort they needed to gtilnd materials on a scale varying from 0
to 9. Use of this type of scale is reported to heavegh reliability (Cronbach®) of .90 to .82
(Paas, 1992, Paas et al., 1994). Building on thigcpéar guidelines, the multimedia
elaboration, and the way learner(s) processecetiraing materials enriched with the
multimedia representations, differed in the expental conditions of the individual studies.
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Research questions and overview of the dissertatisgarch

Building on the theoretical background explainedwa) the following research questions

determined the design of five empirical studies #ra reported in this dissertation:

1. Can we generalize the design guidelines for deasggl@arning materials derived from the
Cognitive Theory of Multimedia Learning which haveen gathered primarily from the
natural sciences to other domains of learning8t(&nd general research question)

2. Do multimedia learning materials in the domainha social sciences result in higher
performances of participants on knowledge and eafiin tests and result in lower levels
of perceived cognitive load compared to participamho have not been offered
multimedia learning materials?

3. To what extent is the learning performance of pgodéints on knowledge and application
tests and the levels of perceived cognitive lodldémced by the mastery level of the used
iconic symbol systems?

4. To what extent is the learning performance of pgoréints on knowledge and application
tests and the levels of perceived cognitive lofldémced by the active engagement of the
participants in the learning process?

5. To what extent is the learning performance of pgodéints on knowledge and application
tests and the levels of perceived cognitive loaa @ollaborative setting influenced by
active engagement?

6. What is the impact of training in the use of amicasymbol system on the learning
performance of participants and the levels of geetkcognitive load?

Table 4. Overview of the research questions irdtfierent chapters

RQ1 RQ2 RQ3 RQ4 RQ5 RQ6
Chapter 1
Chapter 2 X X
Chapter 8 X X X
Chapter 4 X X
Chapter 8 X X
Chapter 6 X X
Chapter 7 X X X X X X

RQ = Research Question

aManuscript published i€omputers in Human Behaviour.

bManuscript submitted for publication @ontemporary Educational Psychology

cManuscript submitted for publication bestructional Sciencand partly published as a chapter in L. VerschaieDe
Corte, G. Kanselaar, & M. Valcke (EdDesigning powerful learning environments to pronadep conceptual and
strategic learning in major curricular domair{pp. 213-232). Leuven, Belgium: Studia Paedagogieuven University
Press.

dManuscript submitted for publication Treaching in Higher Education

eManuscript submitted for publication irearning and Individual Differenceend partly published as a chapter in L.
Verschaffel, E. De Corte, G. Kanselaar, & M. Valfkels.).Designing powerful learning environments to pronaeep
conceptual and strategic learning in major curriaudomaing(pp. 213-232). Leuven, Belgium: Studia Paedagogica
Leuven University Press.

Table 4 indicates the link between the differentlss reported in the dissertation and the six
research questions.
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Chapter two

Chapter two reports the set-up and results ofiteedtudy, designed to test the impact of
developing learning materials according to CTMLetglines, but in the social sciences. Do
learners, studying social science learning magegatiched with multimedia according to the
CTML-guidelines, achieve significantly higher scoes compared to learners who have not
been offered this multimedia elaboration? In thiglg, the focus is on research question one.
It was expected that learners will not benefit (iatain higher performances on knowledge
and application question) from multimedia learnigterials in knowledge domains different
from traditional CTML-knowledge domains. We buitdthis study on the assumption that the
social sciences knowledge domain requires the amopf a different iconic symbol system

to develop the multimedia elaboration by instrutéilbdesigners. Earlier CTML-research was
mostly set up out in the natural sciences wheneavigepresentations are either depictive in
nature and/or representations are based on esbliescriptive iconic symbol systems (e.g.,
formulas, chemical symbols, flow charts, et cetera)

This study involved the entire population of fregmenrolled in the Pedagogical
Sciences program of the faculty of Psychology adddational sciences at the Ghent
University (Belgium) more specifically in the coardnstructional Sciences’ (N=190) during
the first semester of the academic year 2002-200&s set up as an integrated part of the
course. Students were randomly assigned to sigrdift conditions in order to individually
study three sets of learning materials. As expthetgove, learners started by solving a prior
knowledge test. After studying the content of asstlof learning materials, they solved a post
test consisting of knowledge and application qoesti
Chapter 2 is based on the following published ktibe Westelinck, K., Valcke, M, De
Craene, B., & Kirschner, P. (2005). Multimedia lag in social sciences: limitations of
external graphical representatio@@mputers in Human Behavior, , ZA55-573.

Chapter three

The study reported in chapter three is an exterddidime study in chapter two. While the
latter study focused on studying learning mateirakhe social sciences, the participants in
the former studied multimedia learning materialsan different knowledge domains.
Participants studied multimedia learning matenialated to ‘Instructional Sciences’, a field
they are expected to be acquainted with and knayelglole in and multimedia learning
materials in the natural sciences, a field thay theuld be less acquainted with and less
knowledgeable in. This implies that we expect therhe more familiar and/or acquainted
with the iconic symbol system in the former as caneg to the latter. Care was taken to
present and develop materials of comparable |@falgficulties. The research question
focuses on the hypothesized differences in beinggainted with the underlying iconic
symbol systems that will affect learning performauhevel. In other words, does the level of
acquaintance with a certain iconic symbol systeffaemce the performances of learners?
This study was set up during the academic year-2006. The entire population of 286
freshmen enrolled in the Pedagogical Sciences ano@if the faculty of Psychology and



22 Chapter 1

Educational sciences of Ghent University (Belgiyraiticipated in the study. A quasi-
experimental design was adopted in which studepts assigned randomly to one of the six
conditions. In each condition, sets of learningeriats were developed and presented for the
two different knowledge domains (i.e., natural sces and educational sciences). Three
different multimedia elaborations were presentethéostudents: text only (T), text with
visual representations (T+V), and visual repredenta enriched with audio (V+A). In line
with the approach adopted in the first study, thdgipipants received a package consisting of
a pretest, subsets of learning materials, and gsb$o be solved after each subset of
learning materials. Additionally, their perceivenbaitive load was measured on two
occasions. Chapter three is based on an artiddepitied toContemporary Educational
Psychology

Chapter four

Chapter four goes a step further than the appriveitte previous chapter. Building on the
less consistent results found in the earlier studl®ut the impact of the traditional CTML-
guidelines on knowledge acquisition, an alternagjuileline is added to the research design:
the activation guideline. The central questiorhiis study is whether adding activation to the
learning process contributes added value, andrdsusts in higher performances of learners
when studying multimedia elaborated learning makeriThis was referred to as the third
research question above. Again all freshmen entéiethe course ‘Instructional Sciences’
participated in the study (N=219), during the acadeyear 2003-2004. Consistent with the
approach adopted in the earlier studies, partitfoeateived a package consisting of a prior
knowledge test, subsets of learning materials kadavith alternative multimedia
elaborations and posttests. The different (multiaeelaborations considered in the study are
text only (T), text and visual representations (J;{éxt and pre-worked examples of visual
representations (T+PW) and text and the activeldpugent of the visual representations by
the participants (T+D). Both the T+PW and T+D cdiadi build on the hypothetical impact
of the activation guideline, though they differtie degree of activation.

Chapter four is based on an article, submittddstructional Sciencelhe results have also
partly been incorporated in De Westelinck, K. & &kd, M. (2005). The impact of external
graphical representations in different knowledgmdms: Is there a domain specific effect?
In L. Verschaffel, E. De Corte, G. Kanselaar, & Walcke (Eds.)Designing powerful
learning environments to promote deep conceptudlstrategic learning in major curricular
domains(pp. 213-232). Leuven, Belgium: Studia Paedagoglaauven University Press.

Chapter five

Chapter five reports on a study in which a secdtedreative guideline is tested, namely the
collaboration guideline. This study focuses onftheth research question: Does
collaboration in processing multimedia learning enias and the underlying iconic symbol
system have an impact on learning performance?nAgbfreshmen enrolled for the course
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‘Instructional Sciences’ participated in the stitly=217), during the academic year 2004-
2005. Participants were randomly assigned to ortkeeofour research conditions. The
different multimedia elaborations considered inghely are text only (T), text and visual
representations (T+V), text and the active develemnof the visual representations by the
participants (T+D) and text and the active develepnof the visual representations after
training (T+D after training. Depending on litereguit was hypothised that learners studying
multimedia learning materials will attain higherfoemances (i.e., scores on knowledge and
application question) and report a lower level efgeived cognitive load when they are more
actively and collaboratively engaged in the proregef the learning materials.

Chapter five is based on an article submitte@idaching in Higher Education

Chapter six

Chapter six is partly a replication of the thirddt reported on in chapter four in which the
activation guideline was scrutinized. However,his tstudy this is done in combination with
the training guideline. Both the third and fifttsearch question are central in this study: What
is the potential impact on learning performancenvearners are trained and/or activated in
the use of iconic symbol systems that underpirdésgn of multimedia learning materials?
Consistent with the earlier studies, all freshmeroked in the course ‘Instructional Sciences’
participated in the study (N=218), during the acadeyear 2003-2004. Participants were
randomly assigned to one of four research condititext only (T), text and visual
representations (T+V), text and activation in tee af visual representations (T+A), and text
and activation in the use of visual representatadtes receiving training (T+T+A).
Depending on theoretical information it was expédtet learners who receive training will
perform significantly higher on knowledge and apgiion questions and report lower levels
of cognitive load when actively engaged in the pesing of the learning materials compared
to learners who were not actively engaged (i.adistl learning materials with ready-made
visual representations).

Chapter six is based on an article submitte@datemporary Educational Psychology
Preliminary results, reported in this chapter, halée partly been incorporated in: De
Westelinck, K., & Valcke, M. (2005). The impactefternal graphical representations in
different knowledge domains: is there a domain ifjgezffect? In L. Verschaffel, E., De
Corte, G. Kanselaar, & M. Valcke (EdDesigning powerful learning environments to
promote deep conceptual and strategic learning apomcurricular domaingpp. 213-232).
Leuven, Belgium: Studia Paedagogica - Leuven UsityePress.

Chapter seven

The final chapter pulls together the research tesditained in the studies reported in the
previous chapters. An integrated overview of tiszaech findings is presented and
conclusions emerging from the separate studiediacessed. Theoretical and practical
implications are discussed and directions for Rin@search are presented.
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Table 5. Overview of the guidelines studied inghbsequent studies and reported in the different
chapters

Individual differences
All guidelines are taken
into consideration
Knowledge domains
Activation guideline
Collaboration guideline
Training guideline

guideline

Research/
chapter
X| Multimedia guideline

X| Spatial contiguity
*| Coherence guideline

Research 1/

Chapter 2

Research 2/ X X

Chapter 3

Research 3/ X X

Chapter 4

Research 4/ X X X

Chapter 5

Research 5/ X X X

Chapter 6

Conclusions

In this introductory chapter we presented the thieoal framework, developed in view of the
different experimental studies. In this framewdhe CTML plays a central role. This theory
IS seen as an ‘answer’ to the growing importanakidpact — living as we do in a visual
culture - of multimedia representations in learningterials. Such a growing impact of a
visual culture has influenced the design of leagmraterials by adding multimedia that are
based on a wide variety of iconic symbol signs.e& kypothesis, driving the central research
problem presented in this introductory chapteha the inclusion of multimedia implies that
learners need to develop/master a new competeistial\iteracy. This means that learners
have to develop a mastery of the iconic symbolesysir systems used within a specific
domain to develop in-depth understanding of theesgntations used in those scientific
knowledge domains. The need to take this competetoyaccount illustrates the role of
instructional designers when choosing/developirgpadte multimedia representations. In
this context, the Cognitive Theory of Multimediadreing of Mayer has proven to be an
important frame of reference. In addition, the CTRHs helped define a number of concrete
guidelines for the development of multimedia leagnmaterials. Building on empirical
research, a number of limitations of the origindMl_-guidelines have been noted. This
introduced the need to define and ground alteragudelines, especially when multimedia
learning is set up in the social sciences knowlattgeain. This brings us back to the focal



General introduction 25

point of this dissertation: the critical masterytloé iconic symbol system that lies at the base
of the multimedia elaboration of learning materials
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Chapter 2°
Multimedia learning in social sciences: limitatiarfsvisual
representations.

Abstract

In a series of six experimental studies, each stingi of three sub-studies, the central
question was researched whether adding visual septations to printed or electronic
learning materials improves knowledge and appbeascores. These studies research the
degree of generalizability of Mayer’s cognitive ¢ of multimedia learning (CTML) to the
knowledge domain of the social sciences. The rebdaypotheses build on the assumption
that this knowledge domain differs in the way iostional designers are able to develop
adequate visual representations. Earlier CTML-mebewas mostly carried out in the field of
the natural sciences where visual representatisasdapictive in nature and/or where
representations can be developed from existingcguieed iconic symbol systems. The
results indicate that alternative guidelines migeéd to be considered when learners study
learning materials with visual representations te#ect low levels of repleteness and do not
build on an iconic symbol system previously masteoe acquired by the learners. The
research results reveal that studying this typeepfesentation does not result in higher test
performance and does not result in lower levelsnental load.

Multimedia Learningin Social Sciences. Limitations of visual representations

The Cognitive Theory of Multimedia Learning (CTMppsited by Mayer (2001a) presents a
clear framework to direct instructional design dfttb printed and interactive multimedia
materials. The power of CTML and these guidelireeaot only linked to a clear theoretical
base, but also builds on the empirical evidencegmied by Mayer, his colleagues, and other
researchers. Consequently, instructional desighedsthe theory theoretical and practical
appealing. But daily teaching experience of thénanst of the present article, responsible for
freshman courses in the knowledge domain of edutatisciences, is not in line with CTML.
Students appear to have difficulties in coping witbual representations such as schemas,
tables and graphs. And, as will be discussed iméx¢ sections, recent research is not always
able to replicate the positive findings that haeerbreported in earlier CTML-studies in other
knowledge domains.

Through testing the CTML-guidelines in another sgbjdomain the question of
extending or generalizing the cognitive theory afltmedia learning is raised. Printed and
computer multimedia learning materials are usetesb the original CTML-based research

: Chapter 2 is based on the following article pultimma De Westelinck, K., Valcke, M, De Craene, & Kirschner, P. (2005). Multimedia
learning in social sciences: limitations of extémgraphical representationSomputers in Human Behavior,,255-573.
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hypotheses, but do this in the context of altemealtiypotheses that are put forward to explain
results/expectations not completely in line withMIFguidelines.

Basic Assumptions and Guidelines of CTML

Mayer’s theory of multimedia learning (2001a, 20@3)pased on three central assumptions.
The dual channel assumptiostates that two separate channels are used toegsroc
information (see Figure 1). A first channel pro@sssounds in working memory, resulting in
verbal models. A second channel is used to pracesges, resulting in pictorial models. The
construction of both verbal and pictorial models dze influenced by prior knowledge
retrieved from long term memory. Both are integilatéo one coherent structure to be stored
in long term memory. The second CTML-assumptiou$es on the processing of all sensory
input: theactive processing assumptiofhis implies that the learner is actively engaged
processing information and makes an effort to caonstcoherent mental models. Typical
cognitive processes involved in the latter arectiglg, organizing and integrating. The third
assumption is thémited capacity assumptiomhis implies that learners are limited in the
amount of information they can process simultangoalsng each channel.

These three theoretical assumptions are relatednparable notions in the literature.
The dual channel assumption is also found in thekiwg memory model of Baddeley (1992)
and Chandler and Sweller (1991), the multiple clehriommunication model of Moore,
Burton, and Myers (1996), the dual-coding theoryRafivio (1978, 1991), the sensory-
semantic model of Nelson (1979) and the multiplerctel communication theory of
Broadbent (1956), Shannon and Weaver (1949) anertiThe second assumption about
limited capacity is related to the ‘cognitive lo#tteory’ (CLT) of Sweller and colleagues
(1988, 1989, 1994) who also tried to describe aqulan the difficulties learners meet when
dealing with complex knowledge domains. The acfwecessing assumption is central to
most cognitive theories and is, for example, exhfiecnentioned by Wittrock (1989).

The practical relevance of CTML is evidenced by theinition of guidelines for
multimedia learning materials and is as such meestrky directed towards the instructional
designer community (Reimann, 2003). The guideliffesmulated as stated in the book
Multimedia Learning by Mayer) are applicable tonpeid and interactive multimedia learning
materials: (a) thenultimedia guidelinelearners benefit more from words and pictures tha
from words alone, (b) theéemporal contiguity guidelinelearners perform better when
corresponding words and pictures are presented lase ctemporal proximity (e.g.,
simultaneously) instead of successively, (c) #patial contiguity guidelirnelearning is
fostered when words and pictures are representase tb one another on a page or screen, (d)
the coherence guidelinelearning performance is better when extraneousds®y words,
pictures are excluded, (e) theodality guidelinelearners learn more from animation enriched
with audio (narration) than from animation enrichedh printed text, (f) theredundancy
guideline learners perform better when presented with atomaand narration instead of
animation and narration combined with printed tesien the printed text matches the
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narration, and (g) thandividual differences guidelinall guidelines have a stronger impact
with low-prior knowledge learners and learners withh-spatial abilities (see Mayer, 2001a,
2001b and 2003 for an overview).
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Figure 1 The cognitive theory of multimedia learning (May2001, p.44).

Next there is the phenomenon calegertise reversawhat is optimal for low prior
knowledge learners is suboptimal for experts am@ viersa (Kalyuga, Ayres, Chandler &
Sweller, 2003) Mayer stresses the generic naturthege guidelines (2001a, p. 193). He,
states that they can help to explain why instruaialesigners, such as Tufte (1983, 1990)
stressed to enrich text with graphical represamatisuch as tables, graphs, diagrams and
charts. The research here questions the genetcenat the guidelines by focusing on some
problems related to the nature of iconic symbahsig a particular knowledge domain.

Nature and Impact of Types of visual representations

There is a long tradition in theoretical and engaikiresearch about visual representations in
learning materials (see Anglin, Towers, & Levie9&%or an overview). This article focuses
in particular on the CTML to study the theoreticahd empirical impact of visual
representations in learning materials. Although @¥idsearch has given a lot of proof that
using the guidelines developing learning materiggsult in higher performance on
knowledge- and application tests recent CTML-relatesearch presents inconsistent results
about the impact on student performance. Goldm&93 in a recent review of visual
representations, asks in this context fosexond generatiorof research. She considers
Mayer's work asfirst generationresearch focusing on generic guidelines to unaedst
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consistencies in the processing of verbal and Visudfarmation. Thesecond generation
should be helpful for understanding the affordarmfegisual representations in view of task
demands, the active processing of learners, thposupearners receive in processing the
learning materials and low or high prior knowleddgéhe research presented here is a
contribution to this second generation since itues on the affordances of visual
representations in view of the active processindgebyners in a specific domain. It especially
guestions whether learners are sufficiently acgedirwith the base of the iconic symbol
system as reflected in visual representations. question is also related to the nature of
knowledge domains.

Mayer differentiates between verbal and pictorggiresentations, noting that verbal
representations require more mental effort to becgssed by the learner. Pictorial
representations are considered more original madeknowledge representation. Mayer
(2001a) states that pictorial representations aneenmtuitive and closer to visual experience.
Presenting both text and pictures invokes deemilegirbecause the learner is required to
develop both verbal and pictorial mental repregd@ria and connections between them.

Schnotz and Bannert (2003) elaborated on this étieat distinction between verbal
(descriptive) and pictorial (depictive) represeiotas in an alternative way. In their view,
descriptiverepresentations such as text, formulae or loggaressions build on the use of
symbols related to content via conventions. An irtgod part of the symbol system is used to
reflect relationships between the symbols (e.ghsand prepositions). Of importance for the
present study is that such descriptive representatike printed text on paper or a screen can
build on available and/or acquiredonic symbol systemsGoodman (1976) notes that
depictiverepresentations such as pictures, graphics, dptsces do not build on such iconic
symbol systems. Each type of depictive represemaginossesses inherent structural features
that have very specific associations with the aaintepresented. The example in Figure 2
demonstrates how a learner has to interpret tle@athows to the left and right of the bus
indicate the distance is to and from the two dasitms. In other words, the learner has to
know or learn and understand these associationsebat the structural features of the
representation and the content represented. Inekasnple an iconic symbol system is
available to understand a part of the represemtétie., what 50 km or 200 km means), but to
understand the specific meaning of the arrows, nemters will have to rely on prior
knowledge to assign the meaning ‘from’ and ‘to’. $fitearners will interpret this part of the
depictive representation analogously and alsotteatower is the Eiffel tower in Paris. As to
the meaning of the woman with the child, thereasm for multiple interpretations (e.g.,
friend, girlfriend, wife, family, mother or grandri@r). In this example, alternative
representations of this part of the representatiinnot result in a lack of understanding of
the overall content of the representation.
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200 km

Figure 2 Example of a depictive visual representation wbimg of elements with high and low
repleteness.

The fact that learners need to be acquainted wWighidonic symbol system used to
develop an external graphical representation isctire of this study. Mayer, as explained
earlier, would state that the depictive represenadf the Eiffel tower and the woman with
child are more intuitive and closer to visual exgeace than the descriptive representations of
distances and directions. Learners are expectgardcess these depictive representations
much faster than they would the descriptive onestter words, the learner builds a pictorial
model with the correct visual-perceptual relatiopshAt question here is whether learners
have sufficient and adequate prior knowledge toewstdnd the depictive representations. The
implication is that prior knowledge influences neagtof the iconic symbol system at the base
of the representations and that learners could haore difficulties and/or need more time to
develop mental models when confronted with newrdknown iconic symbol systems. There
can, in other words, be a mismatch between theiaceymbol system of a learner and the
iconic symbol system used in the representationshwtan cause learners to experience more
difficulties and/or need more time to develop mentadels when confronted with new or
unknown iconic symbol systems. Goodman (1976) dhils a low level ofrepletenessan
index of the number of elements that are signitidanthe learner. Low repleteness implies a
limited similarity to the realistic representatiomhich in turn implies a high cognitive load
when confronted with such depictions and thulgthace for learning processes. If this is the
case, the benefits of adding iconic symbol signadioieve meaningful learning, which are
typical for Mayer’'s studies, may not be found heBenning (1999) and Dobson (1999)
qualify this via the variablexpressivenestower levels of expressiveness lead to more room
for interpretations. Lowe (2003), for example, cates that novices are easily captivated by
the perceptually salient features of the displayg miss in this way the underlying guidelines
and relationships. Stern, Aprea, and Ebner (2008)ecto comparable conclusions finding
that students who do not understand the fundameatalepts of graphs are prevented form
noticing the key relationships in them. Also Lewal(2003) points to the critical problem of
students who do not succeed in identifying relevafdrmation presented in iconic symbol
signs. Consequently, Goldman stresses the factrépaésentations “are only successful in
improving learning from text to the degree thatrihess are able to interpret the cues”
(Goldman, 2003, p. 240). Mayer and Gallini (199@)icate, for example, that learners might
experience difficulties in identifying the relevantormation presented in an illustration.
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Table 1. The knowledge domain and type of visualaggentations in CTML-research

Topic/knowledge domain

Research

Iconic symbol sapyroach

Pumps

Brakes

Lightning

Generators

Lungs

Soldering

Chemistry

Ecology

Machines

Vitamines & minerals

Meteorology
Geographical time
differences

Training program for
‘experimental research’
Introduction to
instructional design
Financial decision

making

Mayer & Anderson, 1991

Mayer & Anderson, 1992

Mayer, Bove, Bryman,
Mars, & Tapangco, 1996

Mayer & Gallini, 1990

Mayer & Sims, 1994

Kalyuga, Chandler, &
Sweller, 1999

Kozma, 2003

Roth & Bowen, 1999

Hegarty & Just, 1993

Seufert, 2003

Lowe, 2003

Schnotz & Bannert, 2003

Tabbers, Martens, & van
Merriénboer, 2004
Tabbers, Martens, & van

Merriénboer, 2004

Depictive: step-by-stewings of a pump in
different states

Depictive: step-Bpadrawings of brakes in
different states

Depictive: step-by-step drawings and animations

Depictive: stepdigp drawings of generators in
different states

Depictive: step-by-stepwdngs of lungs in
different states

Depictive: videos of soldering workmen

Descriptive (i.e., chemicahfula) and depictive
(i.e., set-up of chemical experiment) of process
Descriptive: Cartesiaapips representing cause-
effects
Depictive: machinefions
Depictive wittemical set-up and chemical
elements in the process
Descriptive: meteorologiceps in different states

Descriptive and depictive: carpet and circle diags

Depictive: diagrams

Depictive: diagrams

Stern, Aprea, & Ebner, 2003 Descriptive and depgctmathematical graphs
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First order logic Dobson, 1999 Depictive and degsire
First order logic Stenning, 2003 Descriptive (ilegical expressions) and depictive
with logic tables

First order logic Dobson, 1995 Depictive: Venn &l&uepresentations

A review of the research literature from the pecsipe of iconic symbol sytems
reveals two important issues. First, thereiacensistencies the way visual representations
have been studied. Not all the studies make us#epictive representations (see Table 1).
Mayer’'s original studies of (2001a, 2003) abouthiigng, pumps, and brakes are clear
examples of depictive studies. But other studiesydver, focus on more descriptive since
they build on the use of symbols related to conbgntneans of convention. These studies
add visual representations such as flowcharts, d@neditors, mathematical symbol sets,
chemical formulas, and chemical reaction representa This may be the source of
inconsistencies in the findings of these studiesualthe CTML-guidelines. Second, most
studies have been set up in the natscaénces. But, knowledge domains differ in thee ab
iconic symbol systems. Recent CTML-studies setupther knowledge domains can provide
a significant extension of CTML. The central hypegis of the present research is that
learners in the social sciences will experienciatilties with depictive visual representations
as opposed to descriptive visual representatiags, ext), due to interpretation difficulties of
the iconic symbol system used to develop theseseptations. Whereas the natural sciences
can more easily build on intuitive (or acquirednsensual iconic symbol signs, this is less
apparent in the social sciences. These difficubiesexpected to affect selection, processing
and organizational processes of the learners. Duess unequivocal (i.e., unambiguous)
iconic symbol signs and the less known or unfamitanic symbol systems used, students
are more likely to experience higher cognitive loAd a result of this increased cognitive
load learners will develop less effective mentaldeie and the deep-level learning predicted
by Mayer, will hardly occur. Consequently, knowledgnd/or application is expected to
equivalent or lower than when the depictions argeab If this is the case, then CTML-
guidelines might be extended by taking the naturéhe knowledge domain and/or the
mastery of symbol system by learners into account.

Research

In a series of six separate experiments the basiets of CTML were tested as to their
validity in the social sciences and how CTML migktextended.
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Methods

Participants

In total 190 freshmen studying educational scieratea Flemish university participated in
this study. They represent the entire populatiofiref-year students in the second semester
2002-2003. Participation was a formal part of tberse ‘Instructional Sciences’. Informed
consent was obtained from all students prior teeexrpentation.

Procedure

The studies were set up during two sessions, argdnduring two consecutive weeks.
Students were randomly assigned to the experimeatalitions. The groups were formed by
selecting the students as they appeared on thealspbal tuition list. There were six
experiments consisting of three sub-studies eachsfog on a theme, related to the selected
learning content (see Materials). No students wassigned to the same condition in
successive sessions. Each experimental conditisrovganized in a different room. Students,
at the start of each session, received a studyagackonsisting of (a) a prior knowledge test,
(b) a specific elaboration of the learning matarial be studied, and (c) a posttest of mastery
of the complex knowledge elaborated in the learmragerials (knowledge and application).
After the second sub-study of each session, stadeete invited to indicate the cognitive
load experienced during study. No time limit was &® studying the materials and/or
completing the tests. The study package of student®mputer conditions (i.e, to test the
guidelines with dynamic representations) only csiesi of pretests, cognitive load measures
and the posttest for each sub theme in the sesStadents in these conditions studied the
multimedia materials in a computer room.

The answers to the knowledge and application questiwere scored by three
independent researchers not involved in the custrly. The scoring was based on a scoring
checklist that provided an optimal answer to eautividual question. A score was given
depending on the number of elements in a studanssver. To facilitate interpretation of the
test scores, all scores were standardized, witlaamum score of 20 for each pre- and post-
test.

Materials
The content of the learning materials was both dexm@nd new to the students: an
introduction to the learning styles literature (tearning content). Nine themes were outlined
to be presented to the students: (a) the concegtfiatentiation between behavior, mental
activities, learning strategies and learning styles Curry’s typology to differentiate between
learning style as a personality trait, an informatiprocessing style or an instructional
preference, (c) Dunn and Dunn’s learning style aggn, (d) Kolb’s learning style approach,
(e) Witkin's learning style model, and (f) Vermustlearning style model. This learning
content is complex and at a high difficulty levef freshman.

To guarantee the optimal design of the represemigtiMayer's recommendations
were taken into account (2001a, p. 191-193). Hestihat the signs should have a potentially
meaningful structure (a cause-effect relationsinigrdependencies or hierarchies) and depict
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the different states of the complex structure. @od on these guidelines, the authors and a
group of 20 fourth-year psychology students taki@gcourse in instructional design,
developed a series of possible visual representafiar each theme from which the authors
selected and finalized the multimedia represemniatior each learning styles theme. Special
care was taken when representing the structuratioakhips in the body of knowledge (such
as dependent upon, consisting of, different froolip¥vs from, affects, contains, et cetera).
Figure 3 depicts a page of printed learning matenidth visual representations about Kolb’s
learning style approach. It is clear from the exkmpat the visual representations do not
build on a formal and/or existing iconic symbol teys. Moreover, the approach is similar to
the typical iconic symbol signs found in psycholagyd educational sciences textbooks. For
the design of the dynamic visual representatioosyputer animations were developed that
were equivalent to those in the printed learningemals. The animations show, step by step,
the build up of the representations incorporatedthe printed materials. The students
controlled the speed of the animations by clickenghecontinuebutton on the screen.

Instruments

A pretest and posttest were presented to the dwideimich consisted of knowledge and
application questions. Knowledge questions meastna students remember about a topic
(e.g., What are the different operational approac¢hat Vermunt incorporates in his approach
towards learning styles?). Application questiors raated to problem solving. They test the
deeper understanding of the content by having stsdexplain phenomena that cannot
immediately be retrieved from memory (e.g., Whahis relationship between cognitive style
and personality in Witkin’s approach?). The analysaction reports the test results separately
for each type of question, along with a total sesire.

In the literature, measurement of cognitive loadmainly based on the learners’
subjective report of their perceivedental effort This results in a subjective cognitive load
scale (Paas, Van Merriénboer, & Adam, 1994) in wistudents note the amount of effort
they experienced on a scale varying from 1 (vepryyvvery easy) to 9 (very, very, very
difficult). Application of this kind of scale redslin high reliability measures (Cronbacb’s
of .90 to .82 (Paas, 1992, Paas et al., 1994).

Statistical analysis

All analyses are based on the comparison of mestnstores of students in the different
conditions. Analysis of variance is applied aftesting for homogeneity of variances. A
significance level ofp<.01 is used as the critical value. In case ofistieally significant
differences in mean posttest scores, Cohah'ss calculated to determine effect size
(Thalheimer & Cook, 2002).
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Type 1 Accomodator

A hands-on learner. This learner learns/works éafpgthrough
intuition. Applying in a realistic environment ishat he/she

wants. There is a sensibility for feelings andripéesonal aspects.

Type 2 Diverger

Problems will be looked at from different pointdg@rving is
chosen above active participating. Informationathgred and
arranged. Imagination is the base for problem sglvi

Type 3 Converger

Problem solving and finding practical solutions Haesfirst
choice. Technical problems are chosen above social
interpersonal subjects.

Accomodatc

e ] =

e ] =

Converge

Accomodatc

Chapter 2

CE
)

— [ re |

m O<

Diverael

— [ ro |

|

AC
CE

Diverael

e ] =

Converge

.

— [ro |

Assimilatol

Figure 3.Example of learning materials to test hypothegieghelated to the coherence guideline.

Results

Table 2 summarizes the descriptive statistical y@malresults, based on the test scores of
students, in the different conditions. The resaftthe pretest scores are not reported since all
students obtained a zero-score for both the knagy@lehd application questions in this test.
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This clearly indicates that the knowledge conteas wompletely new for the students and of
a high difficulty level.

The value of the multimedia guideline is testedcevvia the experiments set up in
both research sessions. The results in Table Zlaae. With the exception of the posttest
scores in relation to the first sub-study, studestiglying learning materials with no visual
representations always attain a higher mean posttese. Analysis of variance (see Table 3)
reveals that these differences are significanttifier second sub-study. The effect sizes are
very large to larged = 1.12 for the application test add= .95 for the total posttest score in
relation to the specific learning styles content.

The analysis of the descriptive results in relatiorspatial contiguity shows that the
majority of the conditions where illustrations auwa spatially integrated result in higher post-
test scores than when this is the case. The difeein scores for the application question
and the total posttest in the first sub-study agmiicant. In both cases, this results in a
medium effect size af = .72.

Analysis of the results in relation to the coheeemuideline suggest that students
studying learning materials consisting of summaneth visual representations perform
better on posttest questions, though none of tifereinces are significant.

With respect to computer based (multimedia) leaymmaterials the condition where
animations are enriched with audio should, accgrttinthe modality guideline, lead to higher
performance than the condition where the animatsrenriched with screen text. The
descriptive results in the sub-studies do not stpghts, though none of the differences found
are significant.

The posttest scores of students studying non-rexdunkarning materials, that is
animation with narration and without additional tteaete mostly higher, but here too the
differences are not significant.

Finally, since each of the conditions employed dwh different applications of
CTML-guidelines it is possible to see whether there differences in cognitive load in favor
of CTML-designs. There were no significant diffeces, with the exception of conditions
presenting alternative designs based on the cotergnideline. The cognitive load for
students studying the most coherent learning nadgefvas significantly higher with a
medium effect size af = .72.



Table 2 (part 1). Mean scores and standard demi&iothe knowledge, application and total sconesach experiment and for each sub study

Central hypothesis in the

experiment Multimedia guideline Spatial contiguity guideline olierence guideline
Text without Text with external Representations Integrated Summaries with  Expanded with
representations representations  not integrated  representations representations illustrations
Session 1 M?2 SD MP SD M SD M SD na na
Sub 1 Knowledge 17.50 527 19.43 2.01 20.00 0.00.0@0 0.00
Application 9.03 5.18 10.14 6.36 17.79 412 14.43 5.25
Total 13.26 434 14.78 3.34 18.89 206 17.21 2.63
Sub 2 Knowledge 19.26 2.65 18.66 270 1941 2.52.2319 2.15
Application 6.80 3.61 3.14 2.99 7.20 3.30 6.86 54.5
Total 12.14 2.68 9.70 233 1244 2.32 12.16 2.97
Sub 3 Knowledge 7.78 7.60 6.00 8.12 15.88 6.57 2154 6.57
Application 11.48 3.42 11.04 456 11.95 6.09 12.57 5.55
Total 10.00 3.88 9.03 458 13.52 5.02 13.71 4.78
Mental load 5.17 2.03 I - 461 219 397 2.05
Session2 M° SD M SD na Na 7 SD M SD
Sub 4 Knowledge 14.97 4.38 14.40 4.70 13.83 72.491.69 4.62
Application 13.99 6.23 12.13 7.38 12.79 5.601.39 4.99
Total 14.52 424  13.35 5.38 13.36 3.58 1156 .453
Sub 5 Knowledge 7.20 2.59 6.04 2.18 7.25 10.12.44 2.37
Application 6.66 4.51 6.13 3.68 6.97 4.18 7.13 4.15
Total 6.97 2.32 6.07 1.59 7.13 6.55 5.51 2.04
Sub 6 Knowledge 19.80 1.00 18.00 4.56 16.76 6 6.4.6.28 6.91
Application 12.26 6.85 11.46 8.05 10.15 8.44 .447 7.99
Total 16.57 3.09 15.20 3.47 13.92 542 12.49 585
Mental load 5.56 1.32 5.00 1.95 5.95 1.87 486 1.74

N =36."N = 35.°N = 25.°N = 25.°N = 34.'N = 35.9N = 44."N = 43.
'Not applicable. No experiments were set up tottéstspecific hypothesis during this session.
I Due to a layout error in the package of the sttsifar the condition with visual representations jrsufficient number of students replied to thestion to estimate their

mental load.



Table 2 (continued). Mean scores and standard timvir the knowledge, application and total sedareeach experiment and for each sub study

Central hypothesis in the

experiment Modality guideline Redundancy guideline
Animation with  Animation with ~ Animation with printed  Animation only
narration printed text text and narration with narration
Session 1 M2 SD P n& na
Sub 1 Knowledge 19.04 2.46 19.80 1.00
Application 11.92 6.33 11.40 4.90
Total 15.42 3.16 15.60 2.53
Sub 2 Knowledge 19.23 2.88 18.93 3.15
Application 5.77 3.37 6.40 3.68
Total 11.54 262 11.77 2.52
Sub 3 Knowledge 7.31 7.77 5.60 7.68
Application 10.25 541 11.99 3.33
Total 9.08 3.85 9.44 3.44
Mental load 4.58 1.74 4.30 1.89
Session 2 na na M SD M SD
Sub 4 Knowledge 13.14 3.98 14.34 3.93
Application 8.40 5.28 7.05 4.25
Total 10.95 3.47 10.98 2.38
Sub 5 Knowledge 4.44 2.31 4.62 2.58
Application 3.86 3.92 5.89 5.10
Total 4.21 2.09 5.12 1.54
Sub 6 Knowledge 16.00 1.65 15.77 7.20
Application 7.73 5.86 7.95 9.98
Total 12.46 8.96 12.42 6.19
Mental load 5.68 1.65 5.61 2.19

N = 26.°N = 25.°N = 25.°N = 26.
®Not applicable. No experiments were set up tottéstspecific hypothesis during this session.



Table 3. Overview of ANOVA results

Multimedia Spatial contiguity Coherence Modality Redundancy
Session 1 F (1,69) P F (1,67) p nat F (1,49) P na
Sub1  Knowledge 4.09 .05 ¢ ¢ 2.07 .16
Application .69 42 8.74 .004* A1 74
Total 2.73 .10 8.74 .004* .02 .88
Sub2  Knowledge .87 .35 .09 .76 A2 .73
Application 21.56 .00* 13 72 Al .53
Total 15.49 .00* .18 .67 .10 .75
Sub 3  Knowledge 91 .34 .08 a7 .62 43
Application 21 .65 .19 .66 1.90 A7
Total .93 .34 .02 .88 13 72
Mental load o L 1.60 21 .28 .60
Session 2 F (1,48) na F (1.85) P na F (1,49)
Sub4  Knowledge .20 .66 6.60 .02 1.17 .28
Application .93 .34 1.52 .22 1.01 .32
Total 73 .40 5.70 .02 .00 .98
Sub5  Knowledge 2.92 .09 3.13 .08 .06 .80
Application 21 .65 .03 .86 2.52 12
Total 2.60 A1 2.38 13 3.17 .08
Sub6  Knowledge 3.71 .06 A1 74 0.2 .90
Application 14 71 2.36 .13 .01 .94
Total 2.18 15 1.49 .23 .00 .98
Mental load 1.40 .24 7.99 .006* .01 91

ot applicable. No experiments were set up tottéstspecific hypothesis during this sessitibue to a layout error in the package of the stusiéatthe condition with
external representations, an insufficient replithe question to estimate their mental Id&ihce students in both conditions obtain the marinsgore for the knowledge
question in relation to this first sub study,Realue can be calculated p*< .01.
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Discussion

The results of the studies presented here do esept an unequivocal answer to the question
of CTML-guidelines are generalizable to differennthins. On the one hand, the results raise
serious questions (i.e., statistically significatifferences in the non-CTML direction) by
some of the assumptions of CTML-guidelines, espigcthose based on the multimedia,
spatial contiguity, and modality guidelines. On tiker hand, the lack of significant positive
results in line with the CTML-assumptions opensdber to alternative explanations.

One noteworthy result was the significant diffeesan posttest scores indicating that
studying text without representations sometimeslt® higher performance. This is clearly
in contrast with the original CTML-hypothesis and)gests that learners have problems when
studying from visual representations because alagaate experience with or knowledge of
the iconic symbol system used. Support for thislmamfound in a number of research studies.
Cox (1999), for example, states that the impacgraphical versus textual representations
might be affected by the degree to which learnenstlerstand the semantics of the
representational system. This is also consistetht thve findings of Lowe (2003), namely that
subjects best extract information from represeomatiwhere there are clear visual-spatial
characteristics, such as structural coherence stidalive appearance (e.g., closely related to
reality). They do not extract information from repentations that lack these qualities. He
concludes in a study of learning meteorology froeather maps that students do not extract
the elements of major meteorological importancenfiweather maps; knowledge structures
(mental models) are “likely to be incomplete, fragtary and of limited value in building
high-quality mental models of weather map dynamitsiwe, 2003, p. 174). Support is also
found in Schnotz and Bannert (2003) who conclude #dding pictures to text is not
generally beneficial, and that it can even haveatieg effects on learning because they may
interfere with the construction of mental modeléafly, Dobson (1999) found that the
impact of representations is influenced by theidiffies the students have to interpret the
diagrams. He also determined that students actymkyer lexical parts in the learning
materials as compared to diagram-representations.

A specific result was the fact that spatially cgotus integration of visual
representations in printed learning materials doet result in higher posttest scores as
compared to learning materials with non-contiguoepresentations. In both conditions,
students apparently experience difficulties witke #pecific depictive representations. The
contiguity of the representations to the text appéa hinder the students whereas in the non-
contiguous conditions they can focus on a condiséatual (sentential) representation.

The effect of different aspects of the impact giresentations on cognitive load could
be tested in five of the experiments. At the dggisie level, there are only small differences
in reported cognitive load by the students in tligebnt conditions with a significant
difference in only one condition, namely that stdestudying the more coherent learning
materials experience higher cognitive load — aifigdhat is clearly not in line with CTML-
based theory. Tabbers et al. (2004) also repodnisistent results as to the impact of visual
representations on cognitive load.
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The practical implications of these findings areat! Instructional designers may not
be able to simply ‘apply’ CTML-guidelines to leangi materials in a knowledge domain
where no unequivocal iconic symbol system is abéeléo students and where representations
have a low level of repleteness. This does notyntipht the use of the CTML-guidelines is
not recommended, but rather that caution is priesdrin other domains.

Methodological issues

A number of methodological questions can be raisecklation to the experiments in this
research. A first question focuses on the qualitthe external graphical representations: Are
the results due to poor external graphical reptasens? Much time and effort was invested
in the design of the representations by a large ta@ad the representations can be considered
to be typical for those found in textbooks in tlikeieational sciences. Also, all representations
took student task-demands into account. The steigifithe six learning style themes were
clearly and explicitly depicted or animated in thepresentations and specific posttest
guestions also focused on these features. Thispsriant since recent studies (e.g., Schnotz
& Bannert, 2003) have proven that non task-appab@rirepresentations do not foster
comprehension and mental model construction.

A second methodological point is that CTML-studaésMiayer and his colleagues is
almost always of very short duration. Learning psses limited to 180 seconds are more the
norm than the exception. In the present studiegefachunks of learning content had to be
processed by the students, during a longer peffitiche, so it is possible that the study tasks
in the current study were more demanding than iyevla studies. Tabbers et al. (in pfess
also mention this particular divergence betweernr teidies and Mayer’'s as a potential
source of inconsistency. In the context of a foHogvstudy, more attention could be paid to
monitoring the study time as co-variable.

A critical issue is the fact individual differencegre not taken into account. Since the
research group was very homogeneous in terms af kmowledge, it did not seem useful to
take this into account. The intention was to mdke &n issue for future research. Mayer’'s
seventh guideline (2001a) refers to the impactrmir knowledge and spatial abilities. Recent
research by Cox (1999) reveals that “there areelaggiations between subjects in the types
and modalities of visual representations that ey in their solutions” (Cox, 1999, p. 356).
He concludes that representations might serve rdiitecognitive functions for different
subjects. In addition to prior knowledge other abkes such as learning styles or spatial
abilities can help explain the research results.

Time on task is an important factor in a lot ofe@shes and analyses. This research
had, as said in the part materials, no time listiipents could work as long as they wanted on
their material. The variable time was not includedhis research, but will be taken into
account in future researches.
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Implicationsfor Instructional Design and Future Research

The central research hypothesis of this study guesthe generic nature of the guidelines
derived from CTML. The results suggest that indtaimal designers need more carefully
consider the nature of the depictive representatibay add to their learning materials. In the
context of the present study, the focus was uperettucational sciences knowledge domain.
This knowledge domain cannot be compared to ther@agciences where it is easier to build
up depictive representations with high levels qileteness. The results of the present study
suggest that developers of learning materials p@jicit attention torepletenesss a central
quality of the representations. Second, they ceitlter design the representations in such a
way that it would help learners understand the ylrapstem used, or they could ask students
to develop representations themselves. Van deafhEysinck (1999) suggest an additional
approach, namely building up a specific formal lzexge that learners have to master in order
to build representations.

Considering the methodological remarks and theigapbns for instructional design,
key characteristics of future research can be éaled. Future research should take into
account extra co-variables related to individudfedences between learners. A number of
new research conditions could be included in theliss to contrast students that study
learning materials enriched with representationd @ateiving or not receiving extra help,
with or without prior introduction about / training the iconic symbol system used or in the
design of their own representations of the learmiogtent. This last idea could be expanded
with groups being supported with the new generatioh CSCL-environments in which
specific representation tools are available.

In other words, a second generation of CTML-redeascneeded that considers the
unique affordances of representations in relatotieir active processing by learners.
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Chapter 3

The conditional nature of iconic symbol systemthm design and use
of multimedia learning

Abstract

Although the Cognitive Theory of Multimedia LeargiGCTML) is appealing to instructional
designers, this theory is questioned in the presemty. The mastery of the iconic symbol
system is positioned as a central process in theudgsion of the efficiency and efficacy of
multimedia representations. In a 3x2 factorial aesle design, 286 participants (freshmen
educational science) were randomly assigned tabtieee experimental conditions in which
they studied learning materials from two differknbwledge domains: text only (T), text and
visual representations (T+V) and visual represemat enriched with audio (V+A). The
results underpin to some degree the critical impatte mastery of the iconic symbol system
used to develop representations in multimedia Iegrmaterials. Also cognitive load is
affected when iconic symbol systems are used daahérs are less familiar with.

General research problem

Multimedia have become an omnipresent part of teddgarning materials. Learning
materials have changed under the influence of ity copy machine, computer, and so
forth. Next to a textual elaboration, learning miale are enriched with a variety of static
and/or dynamic visualisations, such as schemasestalgraphs, charts, maps, diagrams,
pictures, animations, video clips. The use of mmaiilia in learning materials can lead,
according to Cognitive Theory of Multimedia LeaminCTML), to higher learning
performance (see Mayer 2001a, 2001b, 2003, 200%). theory states that the multimedia
elaboration invokes in learners specific cognitprecesses fostering schema development
and schema integration. Although there is clear ieoab evidence to ground the CTML-
assumptions, there is a growing body of researahithnot able to replicate these positive
results.

The present study is part of the latter set ofistydbut tries to extend the CTML by
stressing the importance of the iconic symbol systsed to develop graphical multimedia
learning materials in a particular knowledge domaine focus of the present study is on a
particular type of multimedia elaborations: visuapresentations. These vary from very
concrete and depictive to abstract and schemaitctedher build on concrete images or very
abstract iconic symbol signs. The iconic symbohsigave to be interpreted in a correct way
by learners. This introduces the issue of thecalitmastery of the iconic symbol system. It is

" Chapter three is based on the article, submitt€bntemporary Educational Psychology
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our assumption that the impact of multimedia repmégtions in learning materials is related
to the correct interpretation by the learner of it@nic symbol system used in a specific
representation. In view of a correct interpretatioconic symbol systems have to be mastered.
The present study focuses on learners studyinguiteamaterials from knowledge

domains they are either well or either not wellwigted with. These learning materials have
been enriched with typical graphical representatidrne difference in mastery of the iconic
symbol system in both knowledge domains is expetiedteract with the expected learning
support from the multimedia representations asipied by the CTML. After a discussion of
the theoretical base about multimedia represemigiio general and the iconic symbol system
in particular, we present the design and resuétroémpirical study to test research questions
related to the central research problem.

Theoretical framework

The cognitive theory of multimedia learning

Multimedia representations are part of everydag, lihcluding the context of education

(Gilbert, 2005; Roth & Lee, 2004). The empiricalidance that underpins the educational
potential of representations has influenced edusaind instructional designers to integrate
them in learning materials (Ainsworth & Loizou, Z)Angeli & Valanides, 2004; Chandler,

2004; Chang, Sung, & Chen, 2002; Lewalter, 2003y¢,02003; Mayer, 2001a, 2003, 2005;
Novak, 1998; Roth & Bowen, 1999; Roth, Pozzer-Aglen & Han, 2005; Schnotz, 2002;

Schwan & Riempp, 2004). Many of these attemptsedtteer based upon or inspired by the
CTML which presents a clear theoretical framewarkiéscribe and explain the hypothetical
positive impact of adding multimedia representaitmtexts.

The CTML is based on three assumptions, namelyh@)dual channel assumption
(two channels indicating that learners have avhalalo process information channels at the
same time: a visual and a verbal channel (Badddleg2, 1995 and Paivio, 1978, 1990,
1991); (2) the active processing assumption thatestthat learners are active information
processors (Cyrs, 1997, Jonassen, 2000, Mayer,a2@00D3, 2005 and Wittrock, 1989) and
(3) the limited capacity assumption that states the capacity of working memory is limited
(Chandler & Sweller, 1991; Sweller, 1988, 1989,4,95005).

Building on these assumptions, Mayer (2001a, 20@DI03, 2005) presented seven
guidelines for developing multimedia learning metisrwhich are summarized in Table 1: (a)
the multimedia guideline learners benefit more from printed text enrichedh visual
representations than from printed text alone, lie)t¢mporal contiguity guidelindearners
perform better when corresponding printed text amlial representations are presented
simultaneously instead of successively, (c) 8patial contiguity guidelinelearning is
fostered when printed text and visual represemtatare presented close to one another on a
page or on screen, (d) theoherence guidelinelearning performance is higher when
extraneous sounds, words, visual representatienexatuded, (e) themodality guideline
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Table 1. Guidelines of CTML
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Guideline

Assumption/effect

Resear ches

The multimedia guideline

Learners benefit more from printedAngeli & Valanides (2004)

text enriched with pictures than

from printed text alone

Goolkasian (2000)

Guttormsen Schar & Kaiser (2006)
Mayer (2003a, 2003b,2005)
Mayer & Gallini ( 1990)

Mayer & Sims (1994)

The temporal contiguity guideline

Learners perfdretter when
corresponding printed text and
pictures are presented
simultaneously instead of

successively

Mayer (2003a, 2003b, 2005)
Moreno & Mayer (1999)

The spatial contiguity guideline

Learning is fost@mwhen printed
text and pictures are presented
close to one another on a page or

on screen

Mayer (2003a, 2003b, 2005)
Moreno & Mayer (1999)

The coherence guideline

Learning performance isdrig
when extraneous sounds, words,

pictures are excluded

Mayer (2003, 2005)
Mayer & Moreno (2000)
Seufert (2003)

The modality guideline

Learners learn more from
animation enriched with audio
(narration) than from animation

enriched with printed text

Leahy, Chandler, & Sweller (2003)
Mayer (2003a, 2003b, 2005)
Mayer & Anderson (1991, 1992)
Moreno & Mayer (1999)

Tabbers, Martens, & Van
Merriénboer (2004)

The redundancy guideline

Learners perform betteanwh

presented with animation and

Mayer (2003a, 2003b, 2005)

Mayer, Bove, Bryman, &

narration instead of animation and Tapangco ( 1996)

narration combined with printed

text matching the narration

The individual differences

guideline

All guidelines have a stronger
impact with low prior knowledge
learners and learners with higher

spatial abilities

Mayer (2003a, 2003b, 2005)
Mayer, Sobko, & Mautone (2003)
Moreno & Duran (2004)

Roth & Bowen (2003)

learners learn more from animation enriched witldi@unarration) than from animation
enriched with printed text, (f) theedundancy guidelinelearners perform better when
presented with animation and narration instead mination and narration combined with
printed text matching the narration, and (g)itidividual differences guidelinall guidelines

have a stronger impact with low prior knowledgermess and learners with higher spatial



58 Chapter 3

abilities (see Mayer, 2001a, 2001b, 2003, 2005aforoverview). There is large body of
empirical evidence that supports the efficacy esthguidelines (Mayer, 2001a, 2001b, 2003;
Mayer & Anderson, 1991, 1992; Mayer, Bove, Brymisiars, & Tapangco, 1996; Mayer &
Gallini, 1990; Mayer & Moreno, 1998, 2000, 2003; ya & Sims, 1994).Building on the
limited capacity assumption, also other researclmerge pointed at the critical role of
cognitive load when processing multimedia. For epdam ineffective elements in the
presentation format of learning materials, or ppatésigned or poorly presented learning
materials cause extraneous cognitive load. This tyfpcognitive load can be decreased by
e.g., optimizing the representation format of tlearhing materials, resulting in higher
learning performance (Chandler & Sweller, 1991; yKigh, Chandler, & Sweller, 1998;
Mayer, Steinhoff, Bower, & Mars, 1995; Moreno & May 1999; Mousavi, Low, & Sweller,
1995; Sweller, Van Merriénboer, & Paas, 1998).

The conditional nature of the iconic symbol system

As stated earlier, not all empirical research hasnbable to replicate the positive CTML
findings (Bruinken, Plass, & Leutner, 2004; Cox, 499e Westelinck, Valcke, De Craene, &
Kirschner, 2005; Dobson, 1999; Dutke & Rinck, 20@&olkasian, 2000; Guttormsen Schar
& Kaiser, 2006; Guttormsen Schar & Zimmerman, 2006k, 2006; Lowe, 2003; Moreno &
Duran, 2004; Prangsma, in press; Scaife & Rog&%6;1Schnotz & Bannert, 2003). Some of
these authors refer to the nature of the knowledigmains to explain the differences in
impact. All knowledge domains build on specific maor less elaborated iconic symbol
systems. An iconic symbol system is a way to regresoncepts, relations, and definitions in
a certain knowledge domain. These representatiappost information processing. As a
result it is necessary that learners understandahguage’ that has been used to develop the
representations. As an example, we found for imgtdhne following example (figure 1) in the
knowledge domain of chemistry. Ethylene or ethameepresented in different ways: a
textual, a formula, and a molecule-based repreSentaEach representation requires a
different iconic symbol system. In learners, eagpresentation requires the mastery of the
specific iconic symbol system.

The studies of Mayer and his colleagues were masttyup in the field of the hard
sciences (i.e., biology, physiology, and mechanmsyl the representations were mostly
related to ‘How things work’. These knowledge donsaare characterised by well-defined,
widely used and unambiguous iconic symbol systemepresent specific content and can be
considered as building bricks of the particularwlemige domain (Aldrich & Sheppard, 2000;
Gilbert, 2005; Gobert, 2005; Kozma & Russel, 20R6th, Pozzer-Ardenghi, & Han, 2005;
Stieff, Bateman, & Uttall, 2005).
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H.C=CH,

Figure 1.Different iconic symbol systems are used to regmrethe system chemical component.

In the social sciences (e.g., psychology, educationor the humanities (e.g. history,
literature,...), these iconic symbol systems are ¢aggicitly developed, are sometimes rather
ambiguous or are even not available at all. Mastéry particular iconic symbol system can
only be reached through sufficient experience amdtge (Dori & Belcher, 2005; Gilbert,
2005; Gobert, 2005; Kozma & Russel, 2005; Roth,32@lieff, Bateman, & Uttall, 2005). In
the literature, a differentiation is made betwegpes of iconic symbol signs. Mayer
differentiates betweerverbal and pictorial iconic symbol signs. Other authors examine
symbol systems along a continuum fral@scriptive(abstract) tadepictive(concrete) iconic
symbol signs (Lohse, Biolsi, Walker, & Reuter, 1R9%ext, formulae or logical expressions
can be seen as descriptive iconic symbol signshkitéd on clear conventions (Schnotz &
Bannert, 2003; Schnotz, 2002).

In contrast, depictive representations such asumast graphics or schemes do not
build on comparable conventions. Depictive iconigmbol signs mirror structural
characteristics of the original or from realityy iostance, a drawing of an Egyptian pyramid
(Goodman, 1976). Though designers of this typesafal representations expect that learners
will interpret the meaning of the representatioraicorrect way, research evidence points out
that this is not always the case. In relation & Rrangsma (in press) refers for example to the
wrong interpretation of depictive representationsmf Roman history by 12-14 year old
learners. She also points at the need for an éixijglarning process that centers on developing
a clear understanding of the visual representatiGoslkasian (2000) proved in this context
that unimodal presentations outperform multimodaftespntations under certain
circumstances. Learning material developers thezefoave to be wary about their
expectations that learning materials building onltiple representations will foster higher
learning performance. Also Guttormsen Schér andsé€a{2006) showed that presenting
different representations, also building on différeconic symbol systems, might result in
different performance levels.

As a consequence, learners confronted with newnknawn iconic symbol systems
might experience difficulties and/or need more titmgrocess the representations in view of
developing mental models. They are also expectakperience higher cognitive load. This
could point to a mismatch between the learner'srganowledge of the iconic symbol system
used and the multimedia elaboration of the learmraerials (De Westelinck, Valcke, De
Craene, & Kirschner, 2005; Dobson, 1995, 1999; Guad 1976; Lewalter, 2003; Lowe,
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2003; Roth, Pozzer-Ardenghi, & Han, 2005; Stennit@99; Stern, Aprea, & Ebner, 2003).
The mastery level of iconic symbol system is thamefa precondition that instructional
designers have to take into consideration whenldpiwg new learning materials.

In the literature, authors refer to a five-stepriéay path (table 2) to develop the
conditional prior knowledge needed to interpretrecity iconic symbol systems and reach the
mastery level of iconic symbol system (Aldrich & epipard, 2000; Dori & Belcher, 2005;
Kozma & Russel, 2005; Roth, 2003; Roth, Pozzer-Agie & Han, 2005; Wileman, 1993).
At a basic level, the learner interprets the symlasl an iconic depiction which evolves along
the next three more stages to a final stage wiedlective use of the iconic symbols signs has
become possible. The fifth level is consideredhasmhastery level, the end goal for scientist
or student-scientists (Dori & Belcher, 2005; Koz&&ussel, 2005).

Table 2. Competence levels in the mastery of amiéc®ymbol system

Level 1 Iconic symbol signs as an isomorphic, icafépiction.
Level 2 Early symbolic skills.
The person is familiar with symbolic sign systent thiey use it without

regards to syntax and semantics.

Level 3 Syntactic use of iconic symbol signs.
Level 4 Semantic use of iconic symbol signs.
Level 5 Reflective, rhetorical use of iconic symbigns.

Roth (2003), Roth, Pozzer-Ardenghi and Han (2008) &ilbert (2005) define the
interpretation of iconic symbol signs as a semiatativity during which three different
elements interrelate: the sign, the referent aedirterpretantSignsare the material traces
(i.e. pictures, graphs, ...) that refer the readerstmnething others than themselves.
Interpretantsare commentaries on the sign, definitions of tlgy $n its relation to the
referentobject. Semiotics is the process during whichrpretants are produced. The relation
between signs and referents is arbitrary and thdimg of these signs implies two processes:
structuring and grounding. Figure 2 shows a repteasien of these processes. During the
structuring process, the individual has to struectilne visual field to construct the sign itself
and to develop an interpretation. The groundinggse entails that the sign plays a part in a
dialectic process in sign-to-referent and refetergign movements that mutually stabilize
each other and also help to establish a correspgndierential ground for the sign (Gilbert,
2005; Roth, Pozzer-Ardenghi, & Han, 2005).

In the context of the CTML, we expect extraneougnitive load to be lower due to
the presentation of visual representations. Theudson above introduces a prior condition,
and as such an additional CTML-guideline. Extraseocognitive load will only be reduced
when the learner masters the specific iconic symslgstem used to develop the multimedia
representation. The emphasis should therefore nigt lme on the multimedia format - as
stated by CTML - but also on the mastery levelhaf iconic symbol system. If a learner does
not sufficiently master the iconic symbol systemaimew or unfamiliar knowledge domain,
the visual representations might rather invokegda cognitive load, thus leading to poorer
learning.
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Perceptual disposition

Structuring process

Graph, text Sign

Grounding process

Referent Interpretant

Figure 2.Grounding and structuring process of reading.

The former introduces the key research questiothefstudy presented in this article by
centering on the conditional nature of the mastérhe iconic symbol system that was used
to develop multimedia representations.

Empirical study

General Research Question and Hypotheses

The central research question of this study is drehe level of acquaintance with the iconic

symbol system - at the base of visual representiio learning materials — is an influencing

factor on learning performance? Building on theotké&cal base, the following hypotheses
are put forward:

- Educational sciences students, studying multimks@iening materials in their knowledge
domain, will attain higher knowledge and applicattest results and report lower levels
of cognitive load as compared to studying multiraddiarning materials from the field of
the natural sciences, a knowledge domain theyesgedcquainted with.

- Learning performance and reported cognitive load depend on the nature of the
multimedia elaborations of learning materials (i.xt only, text with visual
representations and visual representations witifoaud

Participants
Research participants were enrolled as freshmeheirPedagogical Sciences programme of
the faculty of Psychology and Educational scieratgShent University (Belgium). The entire
population of freshmen participated in the study @86). Participation was a formal part of
the course ‘Instructional Sciences’ and plannedamsadvance organizer to a subsequent
discussion about CTML. Informed consent was obthiftem all participants prior to the
experiment.

Prior to the admission to the university, almos®®®%f the participants studied
General Secondary Education. In the Flemish contégheral Secondary Education gives
access to higher education, and students can clhedseen a major in the humanities, social
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sciences or hard sciences. The majority of theestisdin this study took a major in
humanities and social sciences; a minority studiethjor in hard sciences.

At the time of the study, the educational scientelents were already enrolled for
eight weeks in the educational sciences prograney Tdan therefore be considered to be
sufficiently acquainted with learning materialsrfréhis particular knowledge domain.

Research Design
A pretest-posttest 3x2 factoral experimental rededesign was adopted.

The pretest was administered to determine the griowledge level of participants in
the particular knowledge domain. It was expecteat tihe participants had low or non-
existing prior knowledge of the content presentedhie learning materials. Posttests were
presented after each specific subset of learningenmads. Posttests consisted of both
knowledge and application questions.

The 3x2 factorial design was defined by the chatéwo knowledge domains and
three multimedia elaborations. To investigate wlethcquaintance with the iconic symbol
system influences performance of participants, tNfferent knowledge domains were
studied: natural sciences and educational scief@iese educational sciences students were
involved in the study, these students were constén be already sufficiently acquainted
with domain-specific knowledge representations. bioth knowledge domains, learning
materials were developed based on three differetimedia elaborations: text only (T), text
and visual representations (T+V) and visual repred®ns and audio (V+A). In the condition
text only (T), participants receive learning madksiconsisting of text only. Participants in the
V+T condition study learning materials consisting ¢text enriched with visual
representations. Each part of text was accompabmyea graphical element representing the
information stated in the text. These visual eletmenere developed according to the
guidelines formulated by the CTML. In the V+A cotidin, audio was added to visual
representations. In this condition, the originahtad text was replaced by an audio track.
Learning materials - in each condition and bothvidledge domains - consisted of three
subsets.

The random assignment of participants to the erpartal conditions was marred by a
number of organizational problems. This resulted iarger proportion of participants in the
V+A condition studying learning from the naturaliestces (N 124 versus N 164). The
research was set up as a cross-sectional studgyipance of groups of participants assigned
to one of the six research conditions are compared.

Learning Materials

In each of the six research conditions, learnene weesented with three subsequent sets of
learning materials. Since we compare the performanic participants studying learning
materials from two different knowledge domains,come differences might be biased due to
differences in the complexity of the learning medkst This was controlled for by studying
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the complexity of the learning content. Complexifycontent was measured by looking at the
number of interrelated concepts presented in thmileg materials of each individual subset
of learning materials. An overview of the levelagimplexity is given in table 3. The first and
the third set or learning materials can be consifless being equally complex in both
knowledge domains. In the second set of learnintenads, a difference in complexity is
perceived due tot the larger number of interrelatedcepts in the educational sciences
knowledge domain.

Table 3. Level of complexity

Educational sciences

Setl Set 2 Set 3
N 124 124 124
Level of complexity 1.25 35 .90

Natural sciences

Setl Set 2 Set 3
N 162 162 162
Level of complexity 1.2 2.8 .80

A second issues is related to the quality of thdtimadia representations. Both the
textual (audio or printed) and the visual represgons adopted in the elaboration of the
learning materials from each knowledge domain, largely comparable to the approach
adopted in school books, text books and commeyaathilable learning materials.

In addition, to guarantee the optimal design ofrthdtimedia elements in the learning
materials, Mayer’s design recommendations weretbtriaken into account (2001a, p. 191-
193). Table 4 presents the starting screen shots fhe six sets of learning materials. In the
domain of educational sciences, the first set fedusn ‘human memory’, set two on ‘the
information processing model’ and set three on doegnition’. In the natural sciences set
one was about the ‘water cycle’, set two aboutrfag and set three about ‘thunder and
lightening’.

Specific attention was given to the design of thetgst and a posttest presented in
relation to each set of learning materials. Theséstconsisted of knowledge and application
questions. Knowledge questions focused on remenmpetements about a topic (e.g., Give
the control processes of the information processioglel?). Application questions focused
on problem solving and a deeper understanding efig¢arning content (e.g., Why can you
feel thunder?).

Procedure

The starting point of this research was an ovemadtest, to determine the prior knowledge
level of the individual research participants. Afglministration of this paper and pencil test,
the participants were invited to study the learningterials via a computer. After studying
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one of the three subsets of the learning mateagisper and pencil posttest was presented. In
addition, after studying the first and the secoetld learning materials, participants were
asked to report the experienced cognitive load watedying these materials. In the literature,
measurement of cognitive load is mainly based enle¢larners’ subjective reporting of their
perceived mental effort. This results in a subjextcognitive load scale (Paas, Renkl, &
Sweller, 1994), requiring the students to indidhae amount of effort they experienced on a
scale varying from 0 to 9. Reported use of thisetgb scale results in high Cronbach's
reliability scores of .90 to .82 (Paas, 1992, Rdaad., 1994).

The answers to the knowledge and application questivere scored with the help of
a correction and scoring key. Test scores weralatdized. Two trained, independent scorers
judged the answers to the open questions. Inter-ratiability was calculated to control the
guality of the scoring of 25% of the test items (R@, Anderson, Garrison & Archer, 2001).
A person agreement of 83.33% reflects a high rditiabIn the results section, post test
results in relation to the three different setteafning materials are reported for each research
condition.
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Table 4. Screenshots of every set in each knowlddg®in
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Educational sciences

Natural sciences

Setl
Het geheugen Watercyclus
¢
Set 2
Informatieverwerkend model Onweer
€« 5
Set3
Metacognitie Onweer
§ %)
241 7
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Results

In this part, first the descriptive results arecdssed, followed by results in relation to both
hypotheses.

Descriptive results

Table 5 and Figure 3 present the descriptive restiler studying all sets of learning materials
in both knowledge domains and in relation to tHéedent multimedia elaborations. Analysis
of the pretest results revealed that prior knowégdig both knowledge domains, was low and
did not differ significantly between knowledge dang As such, the pretest scores were not
taken into account during subsequent statisticallyaps.

The means in table 5 show that posttest resultiseriield of the educational sciences
are in most cases higher than in the natural segnwith respect to the multimedia
elaboration of learning materials, different pastttecores were noted. The T+V condition
leads to the highest posttest results. This ighetase for the V+A condition. Cognitive load
seems to be the highest in the V+A condition.

40

O Educational sciences set 1

W Educational sciences set 2

W Educational sciences set 3

W Natural sciences se

W Natural sciences se

@ Natural sciences se

Knowledge Application Total

Figure 3.Graphical representation of the knowledge, appboaind total scores after studying
learning materials from two different knowledge dons.

Hypothesis 1

The descriptive results point at a potential intdoe effect between posttest scores and the
knowledge domain. We expect that educational seestudents report significantly higher
scores after studying learning materials from tthecational sciences since they are more
familiar with the iconic symbol system used to depehe multimedia representations.
Lower posttest scores would be attained after stgdgarning materials from the natural
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sciences since they are less acquainted with #gafgpiconic symbol system applied in these
learning materials.

Table 6 reports the t-test results in view of testhe first hypothesis. The t-tests were
applied in relation to the three subsets of botbMdedge domains and separately for both the
knowledge questions, the application questions #ed total posttest scores. Significant
differences in favour of the educational scienaesadbserved in the first set of the learning
material for the application posttest scoites {2.86,df = 281,07 p < .05;d = .33) and in the
third set on the application posttest score anddta posttest score €-8.52,df = 240,27 p
<.05;d=1.03;t =-4.31,df = 240.68p < .05;d = 0.52). This indicates a higher mastery level
by educational sciences students after studyingetiearning materials. In contrast to our
expectations, the second set of learning materedslted in significantly higher posttest
results in the field of the natural sciences fathbihe knowledge and total posttest scotes (
8.60,df = 198.18,p < .05;d = -1.05) and the total posttest scare (3.12,df = 230,78,p <
.05;d = -0.38). This can be related to the higher compldgvel or the learning materials in
the second subset of educational sciences leanmaterials.

The analysis results in relation to the reporteghdove load are consistent. Studying
learning materials from a less familiar knowledgenain (natural sciences) results in higher
cognitive load scores. This suggests the interpfathe lower mastery of the iconic symbol
system. But the analysis results point out thatifferences are not statistically significant.

Hypothesis 2

Hypothesis two is in line with typical CTML-resehrthat studies the differential impact of

alternative multimedia presentations. But consitgthe expected impact of the mastery of
the iconic symbol system, it is expected that it v easier to find support for the CTML-

guidelines in a knowledge domain the students egeainted with.

Three different multimedia representations werdiapgpvhen elaborating the learning
materials in both knowledge domains: text only (€xt and visual representations (T+V) and
visual representations and audio (V+A). Analysisafiance helps to compare the differential
impact of the different multimedia representatiohable 7 summarizes the analysis results
and table 8 presents the posthoc results in ceser\aal differences are significant.

In the knowledge domain of the educational sciersigsificant differences were
observed. In summary, studying the T+V versionltesao higher learning performance as
compared to studying the text only version or stogyhe V+A version. Studying the
different multimedia versions of the learning meksrin set 1 resulted in significant
differences in knowledge posttest scofeR(121) = 4.25p < .05), application posttest scores
(F(2,121) = 5.62; p < .05), and total posttest sc{f€3,121) = 5.10p < .05). The posthoc
tests make it clear that the students in the cmmi\{+A score in general lower than the
others. Studying the learning materials in setslted in comparable findings, since
significant differences were found in both the kiexige posttest scores(R,120) = 49.13p
< .05) and the total posttest scoreg(120) = 49.13p < .05 for knowledge tesE(2,120) =



Table 5. Mean scores and standard deviation fowladge, application and total posttest scoresdoheset of learning materials in both knowledge @om

Educational sciences (n=124) Natural sciences (n=162)
Visual Text + Visual Text only Total Visual Text + Visual Text only Total
Representation + Representation (n=36) Representation + Representation (n=42)
Audio (n=43) (n=45) Audio (n=84) (n=36)
M SD M SD M SD M SD M SD M SD M SD M SD

Know 15.81 6.63 16.67 5.22 19.17 2.81 17.10 5.38 .347 3.83 1824 352 1516 3.62 16.98 3.86
Set Applic 17.36 4.32 19.51 141 18.58 2.50 18.49 3.1117.42 4.37 18.61 291 1556 544 17.20 4.52

1 Tot 33.18 8.66 36.17 5.47 37.75 4.39 35.59 6.73 764. 6.26 36.85 546 30.71 7.56 34.18 6.79
Know 7.11 5.85 16.96 3.07 13.56* 4.90 12.55 6.31 .987 4.60 19.44 232 1550 4.17 18.18 4.25
Set Applic 14.42 9.08 16.00 8.09 17.22 7.02 15.81 8.1813.71 7.56 1422 803 1438 7.07 14.00 7.50
2 Tot 21.53 10.98 32.96 9.02 30.70* 10.16 28.32 11.231.69 9.89 33.67 795 31.88 8.35 32.18 9.09
Know 8.33 4.62 11.29 412 10.33 5.09 9.98 473 628 4.11 14.07 472 1127 345 12.72 4.19
Set Applic 13.18 9.14 17.04 6.44 15.74 7.15 15.32 7.798.49 7.12 8.15 6.97 6.51 4.99 7.90 6.61
3 Tot 21.50 11.50 28.33 7.84 26.07 8.10 25.31 9.71 3®1 9.3 2222 713 17.78 6.69 20.62 8.27
Cognitive  4.76** 2.25 3.67 1.85 3.94 2.07 411 2.09 4.90 2.36 4.67 1.93 4.05 2.12 4.63 2.22
load 1
Cognitive  6.27*** 1.97 5.93 1.85 5.94 1.84 6.04 6.04 6.43** 1.89 581 1.62 5.73* 1.99 6.11 1.88
load 2 ok *
Cognitive 5.54** 554 4.80 1.54 4.94 1.54 5.07 5.07 5.67** 1.95 5.24 1.42 490* 1.79 5.38 1.82
ook *

load




Table 6. Posthoc results on knowledge, applicatimhtotal score for each set

T Df p d
Setl Knowledge -21 213.69 .83
(n=286)  Application -2.86 281.07 .00 .33
Total -1.75 284 .08
Set 2 Knowledge* 8.60 198.18 .00 -1.05**
(n=286) Application -1.94 284 .05
Total* 3.12 230.78 .00 -.38**
Set 3 Knowledge 5.09 247.17 .00 -.61%
(n=286)  Application -8.52 240.27 .00 1.03*
Total -4.31 240.68 .00 .52%*
Cognitive load 1 *** 1.98 282 .05
Cognitive load 2****) 31 276 .76
Cognitive load ***** 1.43 275 .15

*N=285.*** N=284 **** N=278.***** N=277.**significant at 5% level

Table 7. Overview of anova results

Educational sciences Natural sciences
(n=124) (n=162)
Set 1 Set 2 Set 3 Set 1 Set 2 Set 3
df F P df F P df F P df F p df F p df F p

Know 2,121 425 .02* 2,120 49.13 .00 2,121 4.73 01~ 2,159 7.54 .00 2,159 241 .09 2,159 4.64 .01*
Applic 2,121 562 .01* 2,121 1.18 31 2,121 285 6.0 2,159 4.86 .01* 2,159 .13 .88 2,159 130 .28
Total 2,122 510 .01* 2,120 15.57 .00** 2,121 15.5700* 2,159 9.46 .00* 2,159 .62 54 2,159 3.60 3*0

df F P Df F p
Cognitive load 1 2,119 3.20 05 2,159 212 12
Cognitive load 2 2,115 40 68 2,157 2.59 .08
Cognitive load 2,114 2.35 10 2,157 2.61 .08

*significant at 5% level
**significant at 1% level
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15.57;p < .05). Posthoc analyses make it clear that theition V+A leads to lower
learning performance. Studying the learning maltemaset 3 revealed significant results in
both the knowledge posttest score€(121) = 4.73p< .05), and total posttest scores
(F(2,121) = 15.57p < .05). Again posthoc results make it clear thatrtiultimedia
elaboration with audio (V+A) leads consistentlydwer learning performance.

Table 8. Overview of significant results and effsizes

Educational sciences

Set 1 Knowledge T >V+A F (2,121) = 4.35+.01,d = .66
Application T+V > V+A F (1,121) =5.6=.01,d= .67
Total T>V+A F (2,121) =5.1¢p=.01,d = .66
Set 2 Knowledge T>V+A F (2,120) =49.13p=.00,d = .26
T+V > V+A F (2,120) = 49.13p = .00,d = 2.11
T+V >T F (2,120) = 49.13p = .00,d = .14
Total T>V+A F (2,120) = 15.57p = .00,d = .87
T+V > V+A F (2,120) = 15.57p = .00,d = 1.14
T+V>T F (2,120) = 15.57p = .00,d = .24
Set 3 Knowledge T+V > V+A F(2,121) =4.%48= .01,d = .68
Total T+V > V+A F (2,121) = 15.5%=.00,d = .69
Natural sciences
Set 1 Knowledge T+V > V+A F (2,159) = 7.54p =.00,d = .24
T+V>T F (2,159) = 7.54p = .00,d = .86
Application T+V > V+A F (2,159) =4.86p=.01,d = .32
T+V>T F (2,159) = 4.86p = .01,d = .70
Total T+V > V+A F (2,159) = 9.46p = .00,d = .36
T+V>T F (2,159) = 9.46p = .00,d = .93
Set 3 Knowledge T+V>T F (2,159) = 4.6%+ .01,d = .83
Total T+V>T F (2,159) = 3.6y = .03,d = .64

In the natural sciences, comparable results amedfastudying the T+V version results
in higher learning performance as compared to stgdye text only version or studying the
V+A version. Significant differences were foundposttest scores for set 1 and set 3 of the
learning materials. In set 1, there were differenoghe knowledge posttest scorE€(159)
=7.54;p < .05), application posttest scoré$4,159) = 4.86p < .05) and the total posttest
scoresE(2,159) = 9.46p < .05). Posthoc tests point out that participatusying the
learning materials in the T+V condition scored #igantly higher as compared to
participants in the other conditions. Set 3 rewalgnificant results for the knowledge
posttest score$-(2,159) = 4.64p < .05), and total posttest scoré$3,159) = 3.60p < .05).
Also in this condition the multimedia elaboratioasked on T+V lead to higher performance of
the participants.
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Although a difference in reported cognitive loadsvadbserved in the six conditions in
both knowledge domains, differences were not Siganit. The following trend was observed
in both knowledge domains: participants in the Vedndition reported a higher cognitive
load as compared to participants in the T+V coaditiParticipants in the T+V condition
reported higher experienced cognitive load as coegpdo participants in the Text only
condition.

Discussion

The aim of this research was to answer the questi@iher the mastery of an iconic symbol
system that is at the base of a visual represengtiaffects the impact of multimedia
elaborations as predicted by the CTML-assumptidnsother words, the impact of the
multimedia elaboration of learning materials wapdthesized to be dependent on the level of
acquaintance of learners with the iconic symbolesysthat was used to develop a multimedia
representation.

To test the first hypothesis about the differenimapact of familiarity with an iconic
symbol system in different knowledge domains, pgréints were assigned at random to
different research conditions to study learningarats of comparable complexity but from
different knowledge domains. The descriptive resaltd the significant analysis results point
at a potential differential impact. Participantsidsting learning materials from the more
familiar educational sciences knowledge domainaioled significantly higher posttest scores
in most sets of learning materials and in mostradtive multimedia elaborations of the
materials. These results give support to our fisgiothesis and are in line with findings of
some other studies. Bowen and Roth (2003), RothBaowden (2003) and Roth, Bowen and
Masciotra (2002) found that student have diffi@dtin interpreting graphs and consequently
processing new knowledge. But, our analysis resultsnot consistent. Some posttest scores
in the domain of the educational sciences are sibigh as expected. But, in our opinion this
can be explained by the complexity level of therdesy materials in the second set of
learning materials. The learning materials from km@ewledge domain of the educational
sciences were more complex (a higher number ofregleded concepts) as compared to the
learning materials in the natural sciences in suBsgsee again table 3). This explains the
contradictory results when comparing posttest tesafter studying set 1 and 3 with the
posttest results after studying the second setaitmals. An additional explanation for the
less consistent results could be related to thetfat the participants in the present study
were still novices when it comes to studying thecadional sciences. After eight weeks of
being involved in the university programme, it Bspible they are still not very thoroughly
acquainted with the typical iconic symbol systenedusn this knowledge domain. Some
authors insist that it takes time and experienderbea sufficient mastery level of an iconic
symbol system can be expected (Dori & Belcher, 2@#ert, 2005). The large standard
deviations in mean posttest scores confirm ourrapion that there is a large heterogeneity
in mastery level of the iconic symbol system of #ucational sciences (see Table 5). In
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addition, the multimedia representations in thédfief the educational sciences could have
been more ambiguous due to their descriptive natsreompared to the depictive nature of
the representations in the field of the naturatrsces.

An analysis of the cognitive load as reported by garticipants, points at a clear
trend. The reported cognitive load is higher whienlyng learning materials from the natural
sciences although differences are not signific@nsummary, the first hypotheses can only be
partially accepted since, yet, we do not observesistently significantly higher performance
when studying materials from the educational s@snc

The second hypothesis focused on the differentigdaict of alternative multimedia
representations on learning performance and cegnibad in both knowledge domains. In a
consistent way, we find that Mayers’ multimedia dgline is reconfirmed (Text+Visual
representation > Text only). But, when analysing #ignificant differences in the posttest
results and especially the results of the postdmalyses (table 8), we can observe a more
consistent pattern in the significant differenceBew participants study materials of the
knowledge domain they are better acquainted wittugational sciences). Support for these
results can be found in a number of studies. C899), for example, states that the impact of
graphical versus textual representations might fiected by the degree to which learners
understand the semantics of the iconic symbol BystEhis is also consistent with the
findings of Lowe (2003), namely that subjects eottrenformation easier from signs that
reflect clear visual-spatial characteristics, sumh structural coherence and distinctive
appearance (e.g., closely related to reality). Sups also found in Schnotz and Bannert
(2003) who conclude that adding pictures to texhas generally beneficial, and that the
representations can even have negative effecsaonihg because they may interfere with the
construction of mental models. In the context ef pnesent study, we assume that the latter is
especially the case in the field of the naturadisces as participants are less acquainted with
it. Seufert (2003), in relation to the previousatstl that the benefits of multimedia
representations are expected to be more efficiGinveupport is given considering the level
of prior knowledge participants posses.

The present study also puts forward expectatioas dtifer from the CTML-theory;
and this in particular to the potential impact dfimg audio (modality guideline) to learning
materials in a domain the participants are lessi@oted with. If audio is added in the latter
case, cognitive load will increase and so moradtiffies in the development and integration
of mental models are expected to be experiencee. drmlyses reveal that in neither
knowledge domain did the modality guideline haveeaeficial impact.

In both knowledge domains, we perceive that thet Tty or the Text + Visual
Representations version of the learning materedds to higher performance as compared to
materials developed in line with the modality gliidke (Visual representations + Audio).
Significant differences are more pronounced in fieel of the educational sciences. Our
expectation has been confirmed when participanidyskearning materials from the natural
sciences. Adding audio does not result in a sicgifily higher learning performance. In a
number of cases (see set 1), applying the modglityeline even leads to significantly lower
learning performance. These results are in lind whie findings in a growing number of
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studies (see e.g., Dutke & Rinck, 2006; Goolkans2890; Guttormsen Schar & Zimmerman,
2006; Prangsma, in press).

The fact that the claims of the modality guidelere not confirmed when studying
materials from the educational sciences is a strdigling. This can be explained in a
number of ways. First, as pointed out earlier, ékpertise level of the participants in this
particular knowledge domain might still have been testricted to master the underlying
iconic symbol system. Second, the nature of theesgmtations to support the processing of
complex information is different. descriptive inste of depictive. Other authors, such as
Leahy, Chandler and Sweller (2003) concluded edtiat the effectiveness might depend on
how and when audio elaborations are being usetthisrperspective the role of social cues in
audio elaborations was also questioned by Maydrk&and Mautone (2003).

Although we observe the expected trend regardiegdifferences in cognitive load,
none of the observed differences was significahesg result help to conclude that applying
the modality guideline does yet not result in loveeignitive load as hypothesized by the
initial CTML.

Limitations and recommendations

In the present study, hypotheses were tested aheupotential differential impact of the
mastery of an iconic symbol system when discustiegole of multimedia representations.
The results of the present study present some medi® discuss pre-conditions in the context
of the CTML-theory: the mastery of the iconic syrlsystem that is at the base of
multimedia elaborations. But, the research appraabpted in the present study can be
criticized from a number of perspectives. Firste tresearch sample consisted only of
freshman in the educational sciences. It can bestouned whether the findings can be
generalized to students studying other programswlatdge domains or at other educational
levels. Second, a more elaborated test of the hggets about the critical mastery of the
underlying iconic symbol system, could be realizdten involving students from different
programs (e.g., social science students versumesgng study students) and presenting
these students with multimedia learning materi@mfeach others knowledge domain. In this
future study, the latter approach should replaeectbss-sectional characteristic of the present
study. Third, research involving larger samplesraeeded to check whether the results of the
present study can be replicated. Fourth, the quesian be raised whether specific student
variables, such as learning styles, study apprgacbr, educational background and pacing
also interact with variables and/or processes stludn this research. Since our research
sample was rather homogeneous in terms of priowlguge, we consider that the role of
prior knowledge is of less significance. Nevertss|duture research should consider Mayer’s
(2001a) seventh guideline about individual diffexes in for example prior knowledge or
other student characteristics. Research of for @l@ntox reveals that “there are large
variations between subjects in the types and moeRlof external graphical representations
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that they use in their solutions” (Cox, 1999, p6B83She also concludes that iconic symbol
systems might serve different cognitive functiomisdifferent subjects.

When studying the differential impact of individudifferences, the adoption of other
statistical analysis techniques should be consijemech as multilevel analysis and structural
equation modeling. This would allow to cater foe thested nature of students, in groups, and
in knowledge domains. Path modeling could help ttadys in more detail the impact of
mediating variables. Fifth, questions can be raiabdut the quality of the multimedia
representations. Do the results rather reflecintfisence of less effective elaboration of for
example visual representations? This is importamdesrecent studies (see e.g., Schnotz &
Bannert, 2003) give support to the assumption tloat task-appropriate representations do
not foster comprehension and mental model construcfAs explained, much time and effort
was invested in the design of the representations ieam of different designers. The
representations were moreover typical for the aggrofound in textbooks in the field of
educational sciences or natural sciences. Sixtbstopns about the selection and complexity
level of the specific learning content can be pivbrd. This was an issue of particular
importance when designing the present study. Thearehers build on about five years of
experience in developing learning materials fosliraan courses. In addition, the complexity
level of the learning materials was scrutinizeddetail. Future research should consider
complexity levels in a more profund way. Replicatistudies are needed to assure that this
variable does not confound the results. In addjtgpecific research concerning ‘complexity
levels’ should be performed. A seventh questioruses on the duration of the studies. The
original CTML-studies of Mayer and his colleaguesrav limited in time. In the present
studies, larger chunks of learning materials wéunelied during a longer period of time. It is
possible that more demanding study tasks resultviergent research results as compared to
Mayer’s original studies. Also Tabbers, Martens &fah Merriénboer (2004) mention this
particular divergence between their studies andethgy Mayer as a potential source of
ambiguous research results. Another remark is eeldb the timing of the posttest,
administered immediately after studying the leagmmaterials. In future research, a delayed
impact of the alternative multimedia presentatimmsild be studied. In a recent study,
researcher found that posttest results differedwibeusing on immediate posttest results and
long-term posttest scores (Atkinson, Clark, Hamjs&oenig, & Ramirez, 2007). This
research determined the prior knowledge of theigyaaints concerning the content of the
learning materials. It would have been ideal ifoalse prior knowledge (level of mastery)
concerning the use of the iconic symbol system imeaain knowledge domain was
determined. Future research should include thigha experimental design. A last, but
remarkable fact is related to the condition wherdi@is integrated. A very interesting fact is
that, in contrast to what was expected, this caieads to lower learning performance and
higher levels of cognitive load. Even though theldchannel assumption is respected and
both ears and eyes are used, the participants tattaon higher performance. Several
possible explanations can be presented. Maybe thielswin the audio part were not
pronounced very clearly. This can be related to pbeesonal preferences of participants
regarding voices. It is also possible that the gemknd noises, which are inevitable in a room
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with about 40 research participants, marred thestgtdnding of the audio. In addition, these
students were not used to study this kind of legymhaterials. Studying via audio and visual
representations only was new to the participahts;might have affected their performance.

Building on our results and the limitations dis@gsabove, directions for future
research can be defined. Considering the fampianith an iconic symbol system, future
studies could centre on explicit instructional mgntions to develop the mastery of an iconic
symbol system. In addition, a more active roletafients could be studied in the context of
understanding and interpreting multimedia repregents. This could be done by asking
students to develop their own multimedia represemts and/or building on personal
available iconic symbol systems. The latter idealdtdre expanded with a study that centers
on the impact of student collaboration in workindgthwpre-defined or self-developed
knowledge representations.

Conclusions

Though a large body of empirical evidence is addlahat grounds the guidelines derived
from the cognitive theory of multimedia learningytrall research is able to replicate the
positive findings. These studies did inspire thespnt study to centre on the conditional
mastery of the iconic symbol system underlying dtimedia representation. Some evidence
could be presented that points at the mediatingaaghpf the mastery of the iconic symbol
system when adopting the CTML-principles as degigidelines for multimedia learning
materials. The results are inspiring for futureessh that focuses on the nature and the
extent of mastery of iconic symbol systems. In &ddj the results suggest to set up future
research about instructional interventions fostgfamiliarity with a particular iconic symbol
sign, or to promote the development of a persamlic symbol system. These studies could
also involve groups of students developing andfariag iconic symbol systems to be used
when studying complex learning materials.
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Chapter 4
Extending the Cognitive Theory of Multimedia Leargi

with the activation guideline

Abstract

In an experimental design, 219 participants weredoaly assigned to one of four
experimental conditions based on the study of mmgtiia learning materials: text only (T),
text and visual representations (T+V), text andvwoeked examples of visual representations
(T+PW) and text and development of the visual repméations by the participants (T+D).
The results reveal that participants expected tonbes actively involved in elaborating or
developing visual representations attain highemieg performance scores and report lower
levels of perceived cognitive load. The findingsaibthis ‘activation guideline’ underpin
assumptions about the critical impact of the mastérthe iconic symbol system used to
develop representations in multimedia learning nmelte Since the results are not consistent
for each set of learning materials, limitationstioé study are discussed and directions for
future research are put forward.

I ntroduction

A key characteristic of present-day learning matsriis their multimedia-elaboration.
Learning materials not only contain text but alsdia, and/or other graphical representations
such as static and/or dynamic visualizations. Exampf the latter are schemas, tables,
graphs, charts, maps, diagrams, pictures, aningtiadeo clips and so forth. In the present
study we focus on the potential effects of enrighiearning materials with graphical
representations, also referred to as visual reptasens or graphical models (Gemino &
Wand, 2005).

Many authors argue that the multimedia elaboratbriearning materials has the
potential to foster learning performance (Ainswo&hLoizou, 2003; Angeli & Valanides,
2004; Chandler, 2004; Chang, Sung, & Chen, 200%valter, 2003; Lowe, 2003; Novak,
1998; Roth & Bowen, 1999; Roth, Pozzer-ArdenghiH&n, 2005; Schwan & Riempp,
2004). A clear understanding of the mechanisms hikfi to explain the positive impact of
multimedia is crucial to direct future design arel/elopment activities (Butcher, 2006). In
this context, Mayer conceptualized his Cognitiveedity of Multimedia Learning (CTML)
(Mayer, 2001a, 2001b, 2003) presenting at the same a list of principles that can be

" Chapter four is based on (1) De Westelinck, K/acke, M. (2005). The impact of external graphiegiresentations in different
knowledge domains: Is there a domain specific &fét L. Verschaffel, E. De Corte, G. KanselaalM&Valcke (Eds.)Designing
powerful learning environments to promote deep eptial and strategic learning in major curriculaohains(pp. 213-232). Leuven,
Belgium: Studia Paedagogica - Leuven Universitys®and on (2) the article submittedrietructional Sciences
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applied as guidelines to direct the design of maétia learning materials. Although there is
clear empirical evidence supporting the assumptairice CTML (Mayer, 2005), a growing
body of research indicates that the findings dee&m to be replicated in a consistent way
(Brinken, Plass & Leutner, 2004; Cox, 1999; Dobstf99; Dutke & Rinck, 2006;
Goolkasian, 2000; Guttormsen Schar & Kaiser, 200B6ftormsen Schar & Zimmerman,
2006; Huk, 2006; Lowe, 2003; Moreno & Duran, 20B4stigo & Pozo, 2004; Prangsma, in
press; Scaife & Rogers, 1996; Schnotz & Bannef®320This resulted in a series of studies,
set up by the present authors, to study the valafithe, CTML-guidelines in the knowledge
domain of the social sciences. (De Westelinck, k&alde Craene, & Kirschner, 2005; De
Westelinck & Valcke, 2005). In this particular kniedge domain, application of the CTML-
guidelines proved to be less successful. Discussidhese results suggested that a way to
explain the conflicting empirical results, is bycising on the limited mastery of the iconic
symbol system that is at the base of visual reptaiens in a particular knowledge domain,
also called ‘symbolic literacy’ (Eskritt & Lee, 20D As synonyms for ‘iconic symbol
systems’, authors use concepts such as ‘notatwripermanent external symbols’. From this
perspective, the iconic symbol system is consida®d particular knowledge subset of a
knowledge domain (De Westelinck, Valcke, & Kirschnsubmitted). The present article
builds on these earlier studies and puts forwaedatttivation guideline as an alternative or
additional principle/guideline to promote the magtaf the iconic symbol system. In the next
paragraphs a summary of the CTML and the specifidaiines is presented, followed by a
theoretical base to ground the potential of thisvation guideline as an additional guideline.
A variety of activation approaches will be discukseesulting in a discussion of the
experimental research design, a presentation akthdts, and a general discussion.

Theoretical Base

Theoretical and empirical base of CTML

Many studies have focused on multimedia learning) gunt forward empirical evidence that
adding for example visual representations to legrmaterials can improve performance
under certain circumstances/conditions (Angeli &aviaes, 2004; Fiore, Cuevas, & Oser,
2003; Lewalter, 2003; Mayer, 2001a; Schwamp & Ripm004). Mayer (2001a, 2001b,
2003, and 2005) presents in this context a Cogniftheory of Multimedia Learning
(CTML), based on information processing models andhree assumptions. The first is the
dual channel assumption, meaning that learners haweprocessing information channels
available at the same time: a visual and a verbahwel (Baddeley, 1992, 1995 and Paivio,
1978, 1990, 1991). This assumption explains clealy adding an extra visual and/or audio
representation of materials presented in a textvfdrfosters the cognitive processing and the
development of mental models. The second, the eagirocessing assumption states that
learners are active information processors (Cy®9,71Jonassen, 2000, Mayer, 2001a, 2003,
2005 and Wittrock, 1989). This assumption helpsxplain why the presentation of learning
materials is expected to result automatically inaative processing of the learning content.
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The limited capacity, the third assumption statest the capacity of working memory is
limited (Chandler & Sweller, 1991; Sweller, 198889, 1994, 2006), implying that learning
from inadequately elaborated learning material$ mare rapidly invoke cognitive load since
the limitations of working memory are reached ifaster way (Sweller, Van Merriénboer, &
Paas, 1998).

Table 1. CTML-guidelines

Guidelines M eaning Resear ches
The multimedia Learners benefit more from printed text enriched Angeli & Valanides (2004)
guideline with pictures than from printed text alone. Goolkasian (2000)

Guttormsen Schar & Kaiser (2006)
Mayer (2003a, 2003b, 2005)
Mayer & Gallini ( 1990)

Mayer & Sims (1994)

Butcher (2006)

The spatial contiguity Learning is fostered when printed text and pictureSlayer (2003a, 2003b, 2005)

guideline are presented close to one another. Moreno & Mayer (1999)
The temporal Learners perform better when pictures and Mayer (2003a, 2003b, 2005)
contiguity guideline corresponding printed text are presented Moreno & Mayer (1999)

simultaneously instead of successively.

The coherence Learning performance is higher when extraneousMayer (2003a, 2003b, 2005)
guideline sounds, words, pictures are excluded. Mayer & Moreno (2000)
Seufert (2003)

The modality guideline Learners learn more frommaations enriched with Leahy, Chandler, & Sweller (2003)
audio (narration) than from animations enriched Mayer (2003a, 2003b, 2005)
with printed text. Mayer & Anderson (1991)
Moreno & Mayer (1999)

The redundancy Learners perform better when presented with Mayer (2003a, 2003b, 2005)

guideline animation and narration instead of the combinatioMayer, Bove, Bryman, & Tapangco
of animation, narration and printed text. (11996)

The individual All guidelines have a stronger impact with low  Mayer (2003a, 2003b, 2005)

differences guideline  prior knowledge learners and learners with higheMMayer, Sobko, & Mautone (2003)
spatial abilities Moreno & Duran (2004)
Boucheix & Guignard (2005)
Bowen & Roth (2003)

When multimedia learning materials are presenteteaoners, verbal and/or visual
information will be picked up via the sensory systand brought to the working memory via
a visual and an auditory channel. In working memtrg information in each channel will be
processed until a visual and/or an auditory modsllieen developed. Organization processes
will provoke the integration of both mental modéiso an integrated model linked to the
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prior knowledge base in the long term memory (Magé86). The multimedia elaboration of
the learning materials is expected to affect thecggsing and organization processes that
result in visual, auditory and integrated mentatlels in a direct way.

Table 1 presents an overview of the CTML-guidelimesl lists related empirical
studies underpinning the positive impact. Apartnfra better learning performance, the
studies also report a decrease in self-reportediitvegy load (Chandler & Sweller, 1991;
Kalyuga, Chandler, & Sweller, 1999; Mayer, Steirfh&ower, & Mars, 1995; Moreno &
Mayer, 1999; Mousavi, Low, & Sweller, 1995). It himsbe remarked that Mayer presented
the implications of his CTML as ‘principles’. Thepeinciples are adopted in the presented
study as guidelines to direct the ebaloration oktimedia learning materials.

The theoretical position of the iconic symbol syste

A number of authors stress that particular knowdedgmains build on specific iconic symbol
systems to develop visual multimedia representat{@ilbert, 2005; Gobert, 2005; Kozma &
Russel, 2005; Stieff, Bateman, & Utall, 2005). histcontext Gemino and Wand (2005) refer
to the concept of modelling grammars and how su@mguars can differ in degree of
complexity. This introduces the assumption thatriees need to understand and master these
systems — a priori - in order to fully comprehenu/ar develop visual representations.
Chemistry students need to master for example hieenical symbol systems and molecular
representations; engineering students need to stater mathematical formulas and symbols
or representations of machinery, biology studemisdnto grasp graphical representations of
organs and so forth.

Learners not acquainted with a particular iconimisgl system will experience — in
terms of the CTML — intrinsic cognitive load due ttee nature of the specific knowledge
representations which is too complex. Thereforé&ruietional design should, in part, consider
the learner’s experience with the particular knalgkee domain being taught (Kalyuga, Ayres,
Chandler, & Sweller, 2003). Recent research corsfitihis finding by stating that the mastery
level of the iconic symbol system can have an imgBe Westelinck et. al., 2005; De
Westelinck, Valcke, & Kirschner, submitted). Papants studying multimedia learning
materials from an unfamiliar knowledge domain atedi significantly lower performance
scores and reported higher levels of cognitive IGdms implies a mismatch between the prior
knowledge level about the iconic symbol system wmadl the multimedia elaboration of the
learning materials (Dobson, 1995, 1999; Goodmari6;1Bewalter, 2003; Lowe, 2003; Roth,
Pozzer-Ardenghi, & Han, 2005; Stenning, 1999; Stéprea, & Ebner, 2003). Only through
experience and sufficient practice learners withiata sufficient mastery level of the iconic
symbol system (Dori & Belcher, 2005; Roth, 2003)nfe¢ authors put forward a five-step
learning path to reach the required mastery levehro iconic symbol system, which is
represented in table 2 (Dori & Belcher, 2005; Koz&n&ussel, 2005). At a basic level, the
learner interprets the symbols as an iconic depictirhis evolves along the following three
stages indicated to a final stage where refleaise of the iconic symbol systems becomes
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possible. The fifth level is considered as the ergstevel, the end goal for scientists or
student-scientists (see table 2).

Table 2. Competence levels in the mastery of icepmbol systems

Level 1 Iconic symbol signs as an isomorphic, icatgpiction.
Level 2 Early symbolic skills.
The person is familiar with symbolic sign systenh bu

they use it without regards to syntax and semantics

Level 3 Syntactic use of iconic symbol signs.
Level 4 Semantic use of iconic symbol signs.
Level 5 Reflective, rhetorical use of iconic symbuns.

Since available research indicates that the makteey of the iconic symbol system can have
an effect on performance, more research is neaudastuty ways to influence this mastery
level (De Westelinck, Valcke, & Kirschner, submitfeThe present study questions whether
a more active involvement of learners in the desifjwisual representations - implying an
active use of the related specific iconic symbdtem - is an adequate way to foster the
cognitive processing of learning materials and Iltegy learning performance (Marzano,
Pickering, & Pollock, 2001; Simons, van der Lind&Duffy 2000; Stern, Aprea, & Ebner,
2003; Wileman, 1993). Learners will be invited td) (develop their own visual
representations; thus building upon their persa@lic symbol system, or (2) to build upon
half-worked visual representations they can expancelaborate, or (3) to process fully
elaborated visual representations or (4) to prodessual learning materials without
representations. These four types of multimedibagktions regarding learning materials are
expected to invoke different levels of active eregagnt by the learner. The highest active
engagement is expected to occur when learners teaetaborate completely new visual
representations, implying that this will result anhigher processing level of the learning
content and the subsequent development of intejragntal models. In the next paragraphs
we will discuss the theoretical position of thipéyof activation in more detail.

The theoretical base of the activation guideline

The activation guideline is introduced in this 1@®h as an additional guideline that builds on
the active processing CTML-assumption discussedieearThe activation guideline is
expected to foster the inherent active processimd) @ganization of learning content in
working memory, in view of the development of mémt@dels. The basic assumption is that
the design of learning materials can either promooteinder this active processing. The basic
CTML-guidelines assume that embedding visual regrgions in learning materials already
plays this beneficial role. But several studiesehagvealed that learners remain passive,
though they have been presented with learning mdteenriched with embedded visual
representations (Bodemer, Ploetzner, Bruchmiillétégker, 2005). This can be partly related
to the learner's degree of familiarity/acquaintamgéh the iconic symbol system used, as
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explained above. An instructional intervention thbadmotes the active creation of personal
visual representations by learners in an explictyws expected to counter this. This
assumption can be labelled as the ‘activation dele and is supported by empirical
evidence in a variety of domains. Marzano, Piclkgrmd Pollock (2001) present a meta-
analysis of studies that focused on the active tocactson of non-linguistic representations
(NLR) and report effect sizes varying from .5 t8.1Though the theoretical base sometimes
differs from CTML, these studies share the cogistimssumptions that the NLR help learners
to process information and to develop mental modelsiorking memory and/or help to
integrate the mental models in long term memory.

The idea of inviting learners to develop exterregdresentations is also related to the
theoretical and empirical studies about mind magpinconcept mapping, where learners are
asked to develop or elaborate semi-finished mingswa to develop their own on the base of
a set of design tools, arrows and structures (No¥8R8). Lewandowsky & Behrens (1999)
indicate that the design of concept maps by learisefor example expected to pre-structure
knowledge elements in learners, thus reducingrtii@licomplexity of the new knowledge. In
other words, ‘extraneous cognitive load’ is reduedten learners are invited to develop this
type of visual representations. This helps to dritwe selection of subsequent knowledge
elements and serves as an organizer. Cognitiverssghrch - in this context - is also helpful
to ground instructional interventions that presssri-finished or pre-worked elaborations of
visual representations to learners. These elabogtialso called worked examples - have
proven to be beneficial to learners (Gerjets, Sehe& Catrambone, 2006; Paas & van Gog,
2006; Paas, van Merriénboer, & Adam, 1994; Swell®89, 2006; Sweller & Chandler,
1991; Van Gerven, Paas, van Merriénboer, HendgikKSchmidt, 2002; van Gog, Paas, & van
Merriénboer, 2006; van Merriénboer, Kirschner, &ska, 2003).

On the base of a literature review, Van Meter aadh@r (2005) structure the different
types of activation — described above - along aictoam. At one side of the continuum,
visual representations are developed by educatidesigners and presented as such to the
learner (null activation). At the other side of tlentinuum, completely new visual
representations are constructed by the individeatners (full activation). In-between both
the types of activation mentioned, the authors’itpos ‘worked examples’ of visual
representations that consist of semi-finished dessigand where learners are invited to
complete the partially elaborated visual repredemnta.

As hypothesized, the ‘activation guideline’ is exigel to have an impact on the level of
perceived cognitive load. Bodemer and Ploetzner0Z20hypothesize that extraneous
cognitive load will be reduced and germane cogeitbad will be enhanced when learners are
activated to integrate and interrelate learning emas and visual representations.
Alternatively, it is also possible that the actigatguideline might invoke higher intrinsic and
extraneous cognitive load. The attention learnerseeho pay to the design and development
of visual representations — based upon a persanaici symbol system - could be at the
expense of working memory capacity available fatdig up mental models about the new
knowledge elements. This will be especially theecaben learners have not yet developed a
personal iconic symbol system and/or when theyateacquainted with an available system.
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This potentially negative impact is taken into acwoand countered in the present study by
adding an experimental condition to the researdigde in which participants are presented
with pre-worked visual representations. It is hyyasized that participants presented with pre-
worked representations experience a lower leveloghitive load, compared to participants
who have to elaborate visual representations intigoely. Building on findings of previous
studies, an alternative hypothesis is presentdthgtthat working with semi-finished visual
representations, depends on the mastery levekattmnic symbol system used in the specific
representation. If that is not the case, a higbeell of cognitive load is experienced by the
participants in comparison tot those developing apdlying their personal iconic symbol
system in a visual representation.

Empirical study

General Research Questions

The central research question of this study is drethe implementation of the ‘activation

guideline’ has a differential impact on learningrfpemances. Building on the theoretical

base, the following hypothesis is put forward. tegrants studying multimedia learning

material will attain higher performance scores astfests and will report lower levels of

perceived cognitive load, depending on the levehdivation in the development of visual

representations. Subjects will attain higher pssteeores in research conditions in which
they are activated. Regarding cognitive load, éxpected that subjects will experience lower
levels of cognitive load when they are activated.

Participants

The entire population of freshmen enrolled in tregdyogical Sciences programme of the
faculty of Psychology and Educational Scienceslar® University (Belgium) participated in
the study (N= 219). Participation was a formal drthe course ‘Instructional Sciences’ and
planned as an advance organizer to a subsequerdrseabout the CTML. Informed consent
was obtained from all participants prior to expemtation. Prior to the admission to
university, almost 95% of the research participdinished General Secondary Education, but
by taking different majors. Based on the 2006 asialgf the typical student population in this
faculty, we can state that 50% took a major in huties, 20% graduated with a major in
social sciences, and 30% majored in hard scierkirally, 5% of the research participants
had already attained a bachelor degree.

Research Design

A 4x3 factorial experimental research design wasptatl, based on random assignment of
participants to different research conditions. 8inig on a variety of levels of activation, four
research conditions were introduced. In each dfehresearch conditions participants studied
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an alternative multimedia elaboration of the samts ©f learning materials. Only the
multimedia presentation differed: text only (T)xteand ready-made visual representations
(T+V), text and pre-worked examples of visual reprgations (T+PW) and text and the
invitation to develop visual representations (T+D). the text only condition (T), the
participants received learning materials consistihgnly text, no multimedia representations
were embedded. Participants in the condition THwWisd learning materials consisting of
text enriched with visual representations. Each phthe text was accompanied by a visual
representation of the learning content. These Visepresentations were developed and
presented according to the guidelines formulatedCGWML. In the following condition
(T+PW), each part of the text was accompanied ywmorked examples developed and
presented following the CTML-guidelines. These egke® invited the participants to further
elaborate the representations, while engaged itettitaing material. In the last condition, full
activation was introduced. This implied that pap@émnts received learning materials with an
open question to develop their own visual repregemts for each part of the learning
materials. Sufficient white space was made avadlakt to each relevant section.

The learning materials in each of the four condgiaonsisted of four subsequent
themes that were related to new, but complex thieateconstructs in the field of educational
sciences. Each subset started with the presentatitimee learning materials about a certain
topic and finished with a posttest, consisting obwledge and application questions. The
knowledge questions measure the retention of comlments; application questions are
related to problem solving and test the deeper nsteleding of the content on the base of
information that cannot immediately be retrieveaiirmemory (e.g., Why do we use a task
oriented model to design a manual for cleaning ahim&?). In the analysis section, the test
results are reported separately for each type ektipns; in addition a total test score is
reported.

Procedure
Participants were randomly assigned to one of tlie &xperimental conditions and studied
the learning materials individually. Prior to stimty the four subsets of learning materials, a
prior knowledge state test was administered as edegir After studying each subset,
participants filled out a posttest in which theiastery in terms of knowledge and application
level was tested. Participants determined indiMigiube pace of their study, and started with
each subsequent set of learning materials when thleythey had studied the learning
materials thoroughly and/or had solved the posttest

After studying the learning materials of the fiestd the second set of materials,
participants were also invited to report the pereeicognitive load experienced while
studying the materials (Paas, 1992; Tabbers, 200R)the literature, measurement of
cognitive load is mainly based on the learners’jexttive report of their perceived mental
effort. This results in a subjective cognitive loschle in which learners note the amount of
effort they perceived on a scale from 0 to 9 (PRaxkl, & Sweller, 2003). Reported use of
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this type of scale results in high Cronbachi®liability scores of .82 to .90 (Paas, 1992, Paas
Van Merriénboer, & Adam, 1994).

The answers to the pretest and posttest questiens scored by two independent
coders on the base of a correction and scoring kest scores were standardized. Scoring
reliability was calculated by measuring the peragatperson agreement of about 29% of the
test items, comparing a first coder's and a secooder’'s scoring (Rourke, Anderson,
Garrison, & Archer, 2001). Table 3 indicates higtrgentages person agreement, ranging
between 80% and 97%; with an average of 90.61%.

Table 3. Percentage person agreement in the cadohgcoring of the pretest and posttest answers

Setl Set 2 Set 3

Knowledge Application Knowledge Application Knowlkpel Application

90.67 % 86.30 % 94.12 % 95.56 % 94.12 % 97.06 %

Results

Descriptive results

Table 4 presents a summary of the descriptive teesihe maximum score for the knowledge
and application test is 20 resulting in a totat seore of 40. The pretest scores of learners in
the four conditions are not significantly differgf(3,210) = 2.00p = .11). The low pretest
scores of the research participants also indidaa¢ the prior knowledge level about the
content of the knowledge domain dealt with in tearhing materials was very low to non-
existing. In further analyses prior knowledge whiérefore not be considered as a co-variable.
Due to lack of time for the participants in the diions where they had to develop or
complete visual representations (T+PW and T+D)ltesbout the fourth set of materials are
not reported, and the analyses are restricted eofitet three subsets. This observation
introduces questions about the efficiency of thativation guideline’which will be dealt with

in more detail in the discussion section.

The descriptive results in table 4 show that lesgnperformance is in most cases
higher when patrticipants developed their own visegresentations. Analyses of variance
were carried out to compare posttest results aagénceived level of cognitive load. Post-
hoc tests reveal specific significant differencestween the participants in different
conditions. Where relevant, Cohen’s d was calcdl&tedetermine the effect size (Talheimer,
& Cook, 2002). Table 5 presents a summary of th©XNK results.

One can observe clear and significant differenedwéen the conditions in relation to
the knowledge and application tests in the firgt sacond set of learning materials. This is in
contrast to the third set of learning materials evao longer significant differences are
observed. An overview of the posthoc results issgméed in table 6. In subset 1, both
knowledge and application test resulted in sigaiitcdifferences. Participants who developed
their own representations (T+D) scored significarttigher on application questions as
compared to participants in the text only condit{@) (d = .61). A significant difference
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(participants in T+D condition score higher thamtjpgpants in T condition) is also found for
the total posttest score with an effect size of .70

Table 4. Mean scores and standard deviations fborpeance measures and cognitive load

) ) Completing pre- ) Total score
Text without Text with Developing
_ ) worked _
representations representations _ representations
representations
M? SD M SD M SD M SD M SD

Knowledge 11.99 3.22 12.30 3.87 13.86 4.09 13.52 3.81 12.9282 3
test
Set Application 10.54 4.56 12.29 4.59 11.25 4.48 13.33 4.67 11.8667 4
1 test
Total test  22.53 5.77 24.59 6.17 25.10 7.18 26.85 6.56 24.7858 6
score
Knowledge 10.26 5.90 10.97 5.54 11.42 5.78 13.02 5.63 11.4276 5
test
Set Application 13.89 5.57 13.36 4.65 11.16 5.31 16.09 5.27 13.6146 5
2 test
Total test  24.15 9.08 24.33 8.09 22.99 8.87 29.10 7.42 25.0368 8
score
Knowledge 11.15 5.20 11.46 5.83 11.02 5.86 10.85 6.85 11.1293 5

test

Set Application 6.41 6.41 7.27 5.96 6.30 5.63 5.16 5.29 6.29 5.85
3 test
Totaltest 17.56 7.78 18.72 9.96 17.31 9.49 16.01 10.44 17.4146
score
M? SD Y SD M SD M SD M SD
Cognitive ;
5.41 1.47 4.81 1.60 4.67 1.60 4.17 1.42 4.761.58
load 1
Cognitive
7.00 1.30 6.24 1.43 6.17 1.71 5.83 1.69 %.301.59
load 2
Total
cognitive 12.43 2.34 11.07 2.69 10.35 2.99 9.94 2.59 M.02.79
load

4N = 52. PN = 55.°N = 54.9N = 53°N=214"N=213.9N=210."N=209.

A comparable result appears when studying the postresults in relation to the
second set of learning materials. When participhate to develop their own representations
(T+D), they obtain higher application posttest ssocompared to participants that complete
pre-worked examples (T+PWil € .93). The same significant difference is foundwaen
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T+D and T+PW when studying the total posttest sc@e .60). So the general conclusion is
that when participants are fully activated thigde#o higher results in the posttest scores.

Table 5. Summary of ANOVA results

df F p
Knowledge 3,210 3.12 0.03*
Setl  Application 3,210 3.76 0.01*
Total 3,210 4.02 0.01*
Knowledge 3,210 2.21 0.09
Set2  Application 3,210 8.09 0.00*
Total 3,210 6.03 0.00*
Knowledge 3,210 0.10 0.96
Set3  Application 3,210 1.19 0.31
Total 3,210 0.75 0.53
df F P
Cognitive load 1 1,209 5.78 0.00*
Cognitive load 2 1,206 5.09 0.00*
Total 1,205 7.48 0.00*
*p <.05.

Table 6. Overview of post hoc analysis results effiect-sizes

Knowledge ns
Setl Application T+D>T F(3,210) =3.76,df = 3, p 5;@ = .61
Total T+D>T F(3,210) = 4.02, df = 3, p < .@b5 .70
Knowledge NS
Set 2 Application T+D > T+PW F(3,210) = 8.09, df = 3, pG5;d = .93
Total T+D > T+PW F(3,210) =6.03, df = 3, p < .@5; .60
Knowledge ns
Set 3 Application ns
Total ns
Cognitive load 1 T>T+D F(1,91) =5.78, df = 1<p05;d = .86
Cognitive load 2 T>T+D F(1,91) =5.09, df = 1<p05;d = .70
Total cognitive load T > T+PW F(1,91) =7.48,df =1, p <.08;=.76
T>T+D F(1,91) = 7.48,df = 1, p < .08;= 1.01

ns= no significant (post-hoc) results

The results in relation to cognitive load are gseexed. The lowest levels of perceived

cognitive load were reported by participants thatevmost actively engaged in the learning
materials. Participants in the text only condit(@i reported higher levels of cognitive load as
compared to participants in the condition whereythad to develop visual representations
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(T+D) (d = .86). The same trend is visible for the secambrted cognitive load but the effect
size is somewhat lowed E .70). When looking at the total cognitive loadih of CL1 and
CL2) two significant differences are visible. A sificantly higher level of cognitive load is
reported by participants in the text only conditibf) as compared to participants in the
condition using pre-worked examples (T+PW)=(.76). A significant difference is also found
between the text only condition and the conditidrere participants were invited to develop
their own visual representations (T+@)=£ 1.01). The findings help to come to the follogin
conclusion: lower levels of cognitive load are népd when participants are more actively
engaged in the learning process.

Discussion

This research aimed at answering the question whdtie introduction of the activation
guideline resulted in higher performance when sngliearning materials that are elaborated
on the base of the CTML-guidelines. The resultsaslaocongruency between the level of
activation in developing visual representationg tasulting level of learning performance,
and the level of perceived cognitive load. The bgjHevel of active involvement seems to
lead to the highest learning performance and tine$o level of cognitive load. The positive
impact is in line with the meta-analysis resultsrgorted by Marzano, et al., (2001) when
discussing the active development of non-linguistigresentations. More recent studies also
confirm the present findings that learner-generadegwing is a strategy that improves
learning from text-only materials (Bodemer, PloetznFeuerlein, & Spada, 2004; Lowe,
2003; Moreno & Valdez, 2005; Schnotz & Rasch, 208t&rn, Aprea, & Ebner, 2003; Van
Meter, Aleksic, Schwartz, & Garner, 2006; YoderH&chevar, 2005).

Though the elaboration of worked examples did leatdigher learning performance
and lower levels of cognitive load, the results eveot significant. This contradicts with the
results of some researches (Gerjets, Scheiter, &a@aone, 2006; Moreno, 2006; Van
Gerven, Paas, Van Merriénboer, Hendriks, & Schmifi)2; Van Gog, Paas, & Van
Merriénboer, 2006; Van Merriénboer, Kirschner, &skar, 2003). These less satisfactory
results can be explained by referring to our thtezakbase, where we stated that the mastery
of the iconic symbol system could be crucial. Singerked examples build already on a
specific iconic symbol system (comparable to fullgveloped visual representation), this
implies again that learners should be acquaintéd this particular iconic system in the semi-
finished representation. Another explanation i¢ tha type of worked examples used in this
research can influence their expected impact. Whesamples have been studied frequently.
As a result of these studies there is a divisiamveen product and process oriented worked
examples. This is a clear indication that processnted worked examples might have a
differential impact on novices compared to moreesgignced learners (Darabi, Nelson &
Paas, 2007; Darabi, Nelson & Palanki, 2007).

The fact that merely adding visual representatimnshe textual learning materials
(T+V) did not result in significantly higher leang performance or lower cognitive load is in
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conflict with typical CTML-research findings. Buhé findings are in line with previous
studies in which the validity of the CTML-guidelmeén the social sciences was discussed.
The nature of the iconic symbol system used in khiswledge domain is rather descriptive
than depictive and the iconic symbol system is és$ablished and mastered to a lesser extent
by learners (De Westelinck, et. al., 2005; De Wastk & Valcke, 2005).

But as stated earlier, the findings are not coestsivhen comparing the three subsets
of learning materials. This can be explained irumber of ways. First it can be argued that
we underestimated the impact of individual differes in learners. Cox (1999) stated that the
impact of being actively engaged with visual reprgations might be directly related to
individual differences in prior knowledge, cognéistyle and so forth. In addition, Mayer’'s
seventh guideline (2001a) also refers to individidifferences to explain differences in the
validity of the CTML-guidelines. A second explarmatiis related to the fact that we no longer
observe a significant differential effect afterdsting the third set of learning materials. This
could be related to the content (nature and conitg)exf the specific learning content in this
set. But we could also refer to fatigue settingNiot all participants were able to finish the
fourth set of learning materials. A typical qualiy the original CTML-studies is the very
short duration of the studies. Learning processeiteld to 180 seconds are no exception. In
the present studies, larger chunks of learningertdritad to be processed by the participants,
during a longer period of time. It is possible ttta learning tasks in the current study were
more demanding than in Mayer’s original studiesisTdbservation is of importance in view
of follow-up research. Active engagement in develgpvisual representations is beneficial,
but has to be carefully balanced with time managenihis was also suggested by Moreno
and Valdez (2005) and Tabbers, Martens and Vani&fdroer (2003) who refer to a lack of
time control by participants who are actively erggh@ designing representations.

The approach adopted in the experimental reseanthe criticized from a number of
perspectives. A first critique focuses on the dualf the visual representations. But a large
team invested much time and effort in the desigthefrepresentations which are moreover
typical for the approach found in textbooks in tiedd of educational sciences. The inherent
structure of the content theme was clearly andiegldepicted in the representations. The
knowledge and application question in the posttaists focused on these features. The latter
IS important since recent studies (Schnotz, & BanrZ03) have proven that non task-
appropriate representations do not foster compsebienand mental model construction.
Questions about the selection and difficulty lewélthe specific content of the learning
packages can also be put forward. In responsadpititan be argued that the content of the
learning materials was comparable to what is foungxtbooks and other learning materials
in that knowledge domain for novice students. Sdlyorthe research sample consisted of
first year students in the educational scienceesaiit be questioned whether the findings can
be generalized to students studying in other pragraknowledge domains, and at other
educational levels. To further test the hypothedesit the influence of activation on learning
performance and cognitive load, larger samples aftigpants studying in different
knowledge domains should be involved. Thirdly, tresearch took place in a paper/pencil
setting while most of Mayer's researched are coempbased. It would be interesting to
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replicate the same research in a computer-baséidgsethe last remark is related to the
results achieved by participants in the conditioithwpre-worked examples. Although

previous research in this matter showed promisgsylts regarding test performance and
cognitive load the expectations are not complefalfilled. This calls for more research

building on pre-worked examples in multimedia léagnmaterials.

Considering these remarks, key characteristicautfré research can be delineated.
Future research should take into account individiiféérences (Cox, 1999; Kalyuga, Ayress,
Chandler, & Sweller, 2003), involve participant®rr different knowledge domains and
different educational levels. Focusing on being/andecoming familiar with iconic symbol
systems, future studies could also centre on éxstauctional processes that helps learners to
get acquainted with iconic symbol systems (e.dglaboration) and the complexity level of
the learning materials should be taken into account

Conclusions

The results of the present study suggest thatattezation guideline’ is a promising guideline
that should be taken into account when studyingimatia learning materials. The research
results demonstrate a positive impact on learneijopmance and a reduction in perceived
cognitive load. Post-hoc tests reveal that esdgcthe experimental condition in which

participants have to develop their own multimedspresentations, results in significantly
higher learning performances. Wrapping up the figdiand limitations of the present study
one can derive clear directions for future researtiese directions are in line with the plea of
Goldman (2003) to start a second generation of CTMkearch that is helpful for

understanding the affordances of external graphieptesentations in view of the task
demands, and the active processing of learners.
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Chapter 5

The potential of the collaborative design of visiggdresentations in
printed learning materials

Abstract

Evaluative research of Mayer’'s Cognitive Theoryfltimedia Learning (CTML), points at
the critical issue of the mastery of the iconic bpinsystem to develop and interpret
multimedia elaborations. The present study cenrtragxt to training in the interpretation of
visual representations - on the evaluation of bollative design activities when developing
visual representations when studying complex nésaining content. Next to a theoretical
discussion of the potential of collaboration ad¢i®s in this context, the results of an
experimental research design are discussed. Sudrgeajtraining in the use and interpretation
of visual representations, learners were assignet experimental collaboration condition or
a control condition. The results point at a possibipact of collaboration studying learning
materials with text and visual representations.

I ntroduction

State of the art learning materials rely heavilytb@ multimedia elaboration of the learning
content. Next to text, learning materials are drettwith audio, and/or with other graphical
representations such as static and/or dynamic lastians, such as schemas, tables, graphs,
charts, maps, diagrams, pictures, animations, vitipe and so forth. In the present study we
centre on the potential of enriching learning materwith graphical representations, also
referred to as visual representations or graphalels (Gemino & Wand, 2005).

Multimodal learning theories explain how learnem®gess differing representation
elaborations of learning materials; for example aio representation combined with a
visual representation of the functioning of an eegiA large body of research is available
that centered on the efficacy and efficiency of imeadia representations that build on these
theoretical assumptions (Ainsworth & Loizou, 2008)geli & Valanides, 2004; Chang,
Sung, & Chen, 2002; Lewalter, 2003; Lowe, 2003; &lq\v1998; Roth & Bowen, 1999; Roth,
Pozzer-Ardenghi, & Han, 2005; Schwan & Riempp, 2004 addition, these studies point at
the efficacy and efficiency of related theoriestthaplain why multimedia representations
foster cognitive processing; for example Cognitivaad Theory (Kirschner, 2002; Sweller,
Van Merriénboer & Paas, 1998) and the Cognitiveofh@f Multimedia Learning (CTML)
(Mayer 2001a, 2001b, 2003, 2005). The presentedares builds on the CTML as a
framework to design the multimedia learning matsréand to explain consecutive successful

*

Chapter five is based on an article submitte@idaching in Higher Education
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learning performance. Although the CTML is suppdrs a large body of research (Mayer,
20014a, 2001b, 2003, 2005; Mayer & Anderson, 199ay&i & Gallini, 1990; Mayer & Sims,
1994; Moreno & Duran, 2004; Moreno & Mayer, 1998)yariety of studies have been less
successful to replicate the positive findings. Ehetudies are discussed below and point at
the importance to clarify the exact conditions unddich multimedia learning materials,
developed according to the CTML, lead to highefgremance; for example the nature of the
knowledge domain and the necessary mastery ottmc symbol system that has been used
when developing visual representations. Theseesuwalso call for the definition of additional
guidelines. The present study puts forward andueses ‘activation’ and, ‘collaboration’ as
additional guidelines, next to attention paid te thaining of learners in the mastery of the
iconic symbol system that is at the base of a Vie@esentation.

It has to be stressed that in Mayers’ orginal CTNHe implications from his theory
were presented as principles. These principleadopted in the context of the present study
as ‘guidelines’ to direct the design of multimeliarning materials.

Theoretical Background

Cognitive Theory of Multimedia Learning

Although multimedia has the potential to createhhguality learning environments, this
promise can become problematic when the conditibas foster learning from multimedia
learning materials are not taken into consideratidorman (1988) states in this context that
for any design to be successful, it must build loe needs and interests of the learners and
consider their limitations and capabilities . Thenfier was clearly understood by Mayer when
developing the Cognitive Theory of Multimedia Leaign (CTML). Studies that evaluate the
guidelines that are based on the CTML, present eei@ence about their positive impact on
knowledge acquisition and transfer of knowledgengworth & Loizou, 2003; Angeli &
Valanides, 2004; Chandler, 2004; Chang, Sung, &CB802; Lewalter, 2003; Lowe, 2003;
Mayer, 2001a, 2001b, 2003; Mayer & Anderson, 199B2; Mayer, Bove, Bryman, Mars, &
Tapangco, 1996; Mayer & Gallini, 1990; Mayer & Moce 1998, 2000, 2003; Mayer &
Sims, 1994; Novak, 1998; Roth & Bowen, 1999; Rddozzer-Ardenghi, & Han, 2005;
Schwan & Riempp, 2004). Table 1 presents an oweratstudies supporting the CTML-
guidelines. In addition, information is presentdobat the nature of the knowledge domain
the studies have been set up.
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Table 1. Guidelines of CTML

Guideline Assumption/effect Resear ches
The multimedia guideline Learners benefit more from printed textAngeli & Valanides (2004)
enriched with pictures than from Goolkasian (2000)
printed text alone Guttormsen Schér & Kaiser
(2006)

Mayer (2003a, 2003b,2005)
Mayer & Gallini (1990)
Mayer & Sims (1994)
Schnotz (2002)

The temporal contiguity guideline  Learners perfdretter when Mayer (2003a, 2003b, 2005)
corresponding printed text and picturesMoreno & Mayer (1999)
are presented simultaneously instead of

successively

The spatial contiguity guideline Learning is fostmwhen printed text Mayer (2003a, 2003b, 2005)
and pictures are presented close to ondloreno & Mayer (1999)

another on a page or on screen

The coherence guideline Learning performance isdrigghen  Mayer (2003a, 2003b, 2005)
extraneous sounds, words, pictures aréMayer & Moreno (2000)
excluded Seufert (2003)

The modality guideline Learners learn more frommaation Leahy, Chandler, & Sweller

enriched with audio (narration) than  (2003)

from animation enriched with printed Mayer (2003a, 2003b, 2005)

text Mayer & Anderson (1991)
Moreno & Mayer (1999)
Tabbers, Martens, & Van
Merriénboer (2003)

The redundancy guideline Learners perform bettanygresented Mayer (2003a, 2003b, 2005)
with animation and narration instead ofMayer, Bove, Bryman, &
animation and narration combined withTapangco ( 1996)

printed text matching the narration

The individual differences All guidelines have a stronger impact Mayer (2003a, 2003b, 2005)
guideline with low prior knowledge learners and Mayer, Sobko, & Mautone
learners with higher spatial abilities ~ (2003)
Moreno & Duran (2004)
Roth & Bowen (2003)

The less successful replication of CTM- studies
A number of researchers was less successful tacagplthe positive findings of earlier
CTML-research. Ploetzner, Bodemer and Neudert (P@@it at research that states that
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visualizations might even impede learning. A sulidethese less successful studies was set
up in the field of the social sciences. Applicatioh the CTML-guidelines even led to
contradictory results. For example, De Westelindlalcke and Kirschner, (2005 and
submitted) set up a series of studies in the fiélithe educational sciences. Application of the
CTML-guidelines proved not to be successful. Theeagch pointed — as an explanation for
this failure — to the nature and the mastery of itmnic symbol system used to develop
multimedia learning materials in the domain of sloeial sciences. The iconic symbol system
determines the way visual representations arelolge® and used in a specific knowledge
domain.

A number of authors stress the critical role péafic iconic symbol systems to
develop and/or interpret visual representationgb@®, 2005; Gobert, 2005; Kozma &
Russel, 2005). Gemino and Wand (2005) refer in ¢bigtext to the concept of a modelling
grammar and how these grammars can differ in degfreemplexity. Kirby (2008) and De
Westelinck, et al. (ibid) stress that in the sosi@kences — in contrast to the iconic symbol
systems found in biology, physiology, chemistryygibs, ... - iconic symbol systems are less
established and are hardly part of the knowledgeaio being studied. Kirby (2008) gives
examples of problems with visual representatiottsey may not recognize its relationship to
the text (...) may encode it shallowly, (...), interimg it superficially, (...) misinterpret it.”
(Kirby, 2008, p. 171). Especially novices in a khedge domain might more readily
experience shortcomings due to their mastery ofi¢dbaic symbol system. This calls for
additional research that focuses on developingnthstery of the underlying iconic symbol
system. The present study builds on two earliatistuthat focused on the potential impact of
two new guidelines: the training guideline and #wmtivation guideline. In addition, a new
guideline is presented and discussed from a theakeperspective: the collaboration
guideline.

Training to foster the mastery of the iconic syngystem

As discussed earlier, the mastery of an iconic ®fmbystem to develop visual
representations, is considered as a critical fam Westelinck, Valcke, De Craene, &
Kirschner, 2005; De Westelinck, Valcke, & Kirschnsubmitted). Several authors state that
mastery of an iconic symbol system can only be mpiighed when sufficient practice and
training are introduced (Aldrich & Sheppard, 200@ri & Belcher, 2005; Kozma & Russel,
2005; Roth, Pozzer-Ardenghi, & Han, 2005). In addit Roth, Pozzer-Ardenghi and Han
(2003) and Gilbert (2005) stress that the integti@h of iconic symbol signs is to be seen as
a semiotic activity to interrelate three elemeris sign, the referent and the interpretant.
Brna, Cox and Good (2001) and Postigo and Pozo4{2&@te that this implies active and
guided manipulation instead of passive observatidns introduces the need for explicit
training focusing on the iconic symbol system. hie titerature, authors refer to a five-step
learning path to develop the conditional prior kiedge needed to interpret correctly iconic
symbol systems and reach a mastery level (Wilerh883). At a basic level, the learner
interprets the symbols as an iconic depiction wlaeblves along the next three more stages
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to a final stage where reflective use of the icayimbol signs has become possible. The fifth
level is considered as the mastery level, the eadl fgr scientist or student-scientists (Dori &

Belcher, 2005). In an earlier empirical study, timpact of training has been studied (De
Westelinck & Valcke, submitted). Not all hypothesdmut the expected beneficial impact of
training could be confirmed. The training in the steay of an iconic symbol system to

develop or interpret visual representations did mstult unequivocally in higher learning

performance and/or lower cognitive load. Building the results of this study, the question
was raised whether it would not be more benefitbahsk learners to develop a personal
iconic symbol system?

Developing ‘personal’ visuatepresentations: the activation guideline

Research on learning from multimedia builds strgngh multimedia representations
developed by experts (Naps et al.,, 2002). Already €1999) suggested to refocus the
attention in multimedia research to studies thatered on the active construction of personal
visual representations by learners, in contrassttalying ready-made representations in
learning materials. The active construction of espntations is hypothesized to foster the
development and explicitation of personal iconimbyl systems. At a theoretical level, the
activation guideline is consistent with the assuoms of CTML that stress the need for an
active processing of (multimedia) learning materialctivation of the development of
external representations is expected to supporkingrmemory, to lessen extraneous
cognitive load (see below) and to enhance the oaetgin of mental images/schemas to be
stored in long-term memory in view. Schnotz anddRa®008) refer in this context to the
positive impact of ‘manipulation’ of representatoto shift the task difficulty within the
learner’s zone of proximate development. Learneestlaerefore requested to develop their
own visual representations in relation to new anchglex learning materials. Empirical
evidence that supports this activation guidelindds example, found in studies that build on
pre-worked examples (Gerjets, Scheiter, & Catrarap@006; Paas & Van Gog, 2006; Paas,
Van Merriénboer, & Adam, 1994; Sweller, 1989, 20@&yeller & Chandler, 1991; Van
Gerven, Paas, Van Merriénboer, Hendriks, & Schmifip2; Van Gog, Paas, & Van
Merriénboer, 2006a, 2006b; Van Merriénboer, Kirgah& Kester, 2003) and studies that
ask learners to develop concept maps (Chang, Sur@hen, 2002; Horton, McConney,
Gallo, Woods, Senn, & Hamelin, 1993; Novak, 199&8)d@nnel, Dansereau, & Hall, 2002;
Van Boxtel, Van der Linden, & Kanselaar, 2000). Tiesults of a series of experimental
studies to test the validity of the activation glide in the knowledge domain of the social
sciences by De Westelinck and Valcke (submitteddewmrtly positive but also called for
additional studies to test the activation guidelmsubsequent studies. Also Goldman (2008)
found that — though he expected self-made reprasens would be more meaningful and
effective to promote learning — this seemed to e &0 simple assumption. Learners seem
to be guided by conventional forms to represent #trowledge. Learners also may not have
developed a sufficient body of knowledge in the donto capitalize on the affordances of
visuals. In the present study, collaboration waduced as a potentially beneficial strategy
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to support the activation guideline and to compen$ar the contradictory results found in
research thus far.

The theoretical potential of collaboration when eleping visuakepresentations

Alternative approaches to foster learning fromié@ay materials could build on small groups,
working collaboratively to design and construct thgpportive visual representations. A
variety of theoretical assumption can be put fodixtardevelop related hypotheses.

Firstly, the approach fits into social construdiviearning models, as for example
advocated by the distributed cognition theory. Hirts (1995) states in this context that
learning can be improved when the processing isiloised over several cognitive systems.
This could overcome the negative impact of lowerels of prior knowledge as suggested
above. Learners have to negotiate meaning, shatecampose joint views and construct
common knowledge (Hutchins & Klausen, 1996). HulscYounger and Narayanan (2008)
refer in this context to constructionism when thetate: “If they create multiple
representations to explain complex concepts, amagesliiscuss, and evaluate each other’s
representations, all representations may be equaliierstood (...).” (Hubscher-Younger &
Narayanan, 2008, p. 237). The same authors stregsotential of group work that results in a
large set of diverse student-created represengatgince single representations, even when
accurate, are likely to be incomplete (Hibscherngmr & Narayanan, 2008, p. 242).

In a collaborative setting, visual representatioake seen as cultural and
communicative tools (Suthers & Hundhausen, 2001aslye & Rochelle, 1993). Though
collaborative learning is less structured and teasher-centred, it gives a large autonomy for
the students (Bernard & Lundgren-Cayrol, 2001; Hé&Rigault, 1996; Flynn & Klein,
2001; Millis & Cottell, 1998). The former guarante@n activation of the learner when
processing new information and constructing knogéedJonassen, Lee, Yang, & Laffey,
2005; Van der Linden, Erkens, Schmidt, & Rensha@)(03. This active involvement
reiterates the activation guideline as discussedalGillies (2004) argued that collaboration
will especially result in higher performance wharffisient structure is provided. This is in
line with the advocates of cooperative learning #teess the need to support the clear and
shared goal orientation of learners in the collabee setting (Slavin, 1996). This condition is
of importance for the present study when develogiregcollaborative research conditions, as
will be discussed below.

Cognitive load and collaborative learning

Of particular importance - in this context - is ttede played by cognitive load. Cognitive

processing of learning materials invokes intring@gtraneous and germane cognitive load
(Chandler & Sweller, 1991, 1996). Whereas thenstd cognitive load is a reflection of the

complexity and difficulty of the content, extransocognitive load is related to the way the
materials are represented. Germane cognitive |eacklated to the load invoked by the
cognitive processing of information and the cordtam of schemas (Sweller, Van
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Merriénboer & Paas, 1998). It is the aim of instiatal designers to reduce extraneous
cognitive load and to foster germane cognitive loBldese assumptions are central to the
traditional CTML-guidelines and have proven to hecessful to reduce extraneous cognitive
load (Kalyuga, Chandler, & Sweller, 1999; Mayeri8hoff, Bower & Mars, 1995; Mousavi,
Low, & Sweller, 1995). A typical and successful eggrh to reduce extraneous cognitive
load has been to present worked examples to leafNaverach, Z. & Kramarski, B., 2003;
Sweller, 2006; Van Gerven, Paas, Van Merriénboescmidt, 2002).

The question is how cognitive load is affected when invite learners to develop
visual representations in a collaborative setti@gnflicting theoretical assumptions can be
derived from the theory when answering this questikxcording to CTML, the collaborative
development of visual representations might coriftearners with the limited capacities of
their working memory and hence hinder the conswaobf new mental models in working
memory. The input from other learners that preséeir own iconic symbol systems
representation systems is expected to lead to diggo number of information input to be
selected, organized and processed in a focused Avawlternative hypothesis can be put
forward. Learners that have to work individuallydevelop and apply a novice iconic symbol
system will experience a higher level of cognitiead as compared to learners who are
offered a variety of examples of visual represeéomatfrom fellow learners. These examples
help to develop and apply the personal iconic symgystem and the related visual
representations.

Resear ch

General research questions and hypotheses

The central question of this study is what thedmliis of basic and additional CTML-

guidelines when studying multimedia learning maierin a collaborative setting. Therefore,

all the experimental conditions in the presentirsgtbuild on a collaboration between learners
when studying alternative elaborations of learnmg@terials and/or when they receive
additional training in relation to the active maunlggion of visual representations.

Building on the theoretical base discussed aboweitathe potential of ‘activation’ and the

need for ‘training’, the following hypotheses arg porward:

- Learners studying learning materials will attaighier knowledge and application test
results when they are actively engaged in the dgwveént of visual representations and/or
after receiving training to do so.

- Learners studying learning materials will repoméw levels of cognitive load when they
are actively engaged in the development of visaplasentations and/or after receiving
training to do so.

Though the process variable ‘collaboration’ is me&nipulated in the present study, we

nevertheless expect that studying the materiala ioollaborative setting will boost the

cognitive processing of learners in conditions wirey have to develop their own visual
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representations and this in contrast to conditiwese expert made visual representations are
presented to learners.

Participants

Participants involved in the study were enrolle@0@-2004) as freshmen in the Pedagogical
Sciences program of the faculty of Psychology adddational sciences of Ghent University
(Belgium). The entire population of freshmen papited in the study (N=217). Participation
was a formal part of the course ‘Instructional 8ces’. Informed consent was obtained from
all participants prior to experimentation. NearBf® of these students enrolled in Educational
Sciences after finishing a general secondary edurcaareer. Most of these students opted in
their secondary education for a humanities andassciences orientation; to a lesser extent
these students studied hard sciences at secoratargl devel.

Research Design

A pretest posttest experimental design was setbaged on four experimental conditions. The
pretest helped to determine the prior knowledgesllef the participants. Posttests were
presented after each subset of learning mateRads. and posttests consisted of knowledge
and application questions. Knowledge questionsdedwon remembering elements of a topic
(e.g.,What is the central point in the learning style aept of Witkirf?). Application questions
focused on problem solving and tested the deepa@eratanding of the content (e.@vhich
learning style — according to Vermunt - is applieai yourself? Illustrate with examplgs.

Four experimental conditions were designed andemphted to investigate the differential
impact of varying approaches to the integratiomisfial representations in learning materials.
A shared feature of these conditions is that tHeyere set up in a collaborative setting: text
only (T), text and visual representations (T+V)xtteand development of visual
representations (T+D) and text and developmenisafad representations after training (T+D
after training). In the condition text only (T),aymps of participants studied textual learning
materials, not enriched with visual representati&teticipants in the condition T+V studied
collaboratively learning materials consisting ofttenriched with visual representations. Each
part of text was accompanied by a ready-made vimksentation, related to the textual
information. In the T+D condition, small groupsgrticipants were invited to develop their
own visual representations and to share these tiéh group members. In the last
experimental condition, T+ D after training, grouglsparticipants were invited to develop
their own visual representations but after theyewievolved in a training to develop visual
representations. Participants were assigned rarydonane of the four conditions.

Nature of the training
Based on earlier research it is argued that fantyiand acquaintance with the used iconic
symbol system is an influencing factor (De Westir& Valcke, 2005; De Westelinck,
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Valcke, De Craene, & Kirschner, 2005; De Westeljn¢klcke, & Kirschner, submitted).
This can be fostered by training participants i tise of iconic symbol system. Training is a
concept that is widely in use in on-the-job relatahtext (Acemoglu & Pischke, 1998;
Loewenstein & Spletzer, 1998; Tziner, Fisher, Ser8oWeisberg, 2007). As companies see
the importance of human capital they invest muctnaming. In the literature, authors refer to
a five-step learning path to develop the conditigmaor knowledge needed to interpret
correctly iconic symbol systems and reach the masggel of iconic symbol system (Aldrich
& Sheppard, 2000; Dori & Belcher, 2005; Kozma & Beis 2005; Roth, 2003; Roth, Pozzer-
Ardenghi, & Han, 20005; Wileman, 1993). At a bdsiel, the learner interprets the symbols
as an iconic depiction which evolves along the ribsg¢e more stages to a final stage where
reflective use of the iconic symbol signs has bezqassible. The fifth level is considered as
the mastery level, the end goal for scientist adsnt-scientists (Dori & Belcher, 2005;
Kozma & Russel, 2005).

Based on the former, it can be argued that traitleagners in the skill of visualization
and the iconic symbol system might be beneficiathe performance of the learners. If
learners are taught how to handle the iconic symslgetem, cognitive load might decrease
and learner performance might increase. Gilber@%2@tates that the skills improve through
relevant experience after training. This was coméid by Kozma and Russel (1997) when the
emphasis is on the importance of the developmesuoh skills. Other authors came to the
same conclusions (Brna, Cox, & Good, 2001; BoweRd&h, 2002; Roth, Pozzer-Ardenghi,
& Han, 2005; Roth, Bowen, & Masciotra, 2005). Ire thast, a lot of training was set up to
train social skills (Beelman, Pfingsten, & L6se®9%; Michelson, Sugai, Wood, & Kazdin,
1983; Schneider & Byrne, 1985), in work-related teah (Loewenstein & Spletzer, 1998;
Tziner, Fisher, Senior, & Weisbert, 2007) but alsoeducational settings training was
introduced (Briars & Larkin, 1984).

In the present research, participants in a padrcobndition received a training to
develop their own iconic symbols. Participants wianeght a variety of iconic symbol sign
approaches. After this introductory part, they tpat opportunity to practice the use of iconic
symbol systems in relation to a text, that refldcecomparable difficulty level as compared
to the texts in the learning materials used insthigsequent research phases.

Learning materials

Four parallel sets of learning materials, each isting of three subsets, were developed to be
presented in each of the research conditions. Taragtee the optimal design of the
multimedia elements in the learning materials, May@rinciples were strictly taken into
account when developing the sets of materials (2001191-193).

Procedure
Participants started by completing individually gor knowledge test. Next, they studied
the learning materials in small groupé £ 4). The groups were invited to study the leagnin
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materials, discuss the content, and explain thisn® another. When visual representations
were required to be developed, they were invitecowdd up and share multiple visual
representations but were also invited to develagngle final shared representation to be
added to the specific subset of learning materials.

After studying a specific subset of the learningtemals, participants completed
individually a posttest related to this subset. Widdally, after the first and second subset of
materials, participants were also asked to repalitzidually their experienced cognitive load
when studying these materials. In the literatureasarement of cognitive load is mainly
based on the learners’ subjective report of themc@ved mental effort. This results in a
subjective cognitive load scale (Paas, Renkl, & If&ne2003) in which students note the
amount of effort they experienced on a scale varjtiom 0 to 9. Reported use of this type of
scale results in high Cronbaclusreliability scores of .82 to .90 (Paas, 1992; Pa&mn
Merriénboer, & Adam, 1994).

The answers on the knowledge and application questivere scored on the base of
a correction and scoring key. Test scores weralatdized, with a maximum score of 20 for
each pre- and posttest. Two trained, independeares judged the answers to the open
guestions. Inter-rater reliability was calculateccontrol the quality of the scoring on 25% of
the test answers (Rourke, Anderson, Garrison, &@érc2001). A person agreement of
83.33%, reflecting high reliability, was calculatdd the results section, posttest results in
relation to the different subsets of learning matserare reported for each research condition.
On average, the total experiment lasted about 2Qites.

Resear ch results

Descriptive results

The descriptive results are summarized in tablei.obvious from the table that in research
conditions where the participants are invited tealigp visual representations, the participants
mostly attain higher performance levels. As to ¢gmload, it is clear that the participants in
the condition T+D report the lowest level of cogratload. Pretest scores were consistently
low for participants in all research conditions. Bignificant differences in pretest scores
were observed. Therefore, pretest scores weraalidied in the subsequent analyses.

The impact of developing visual representations

The first hypothesis stated that participants, yWhgl multimedia learning materials in a
collaborative setting will attain higher posttesbies when they were actively engaged in the
development of visual representations and/or whewg teceived additional training to do so.
By and large, the descriptive results in Table @gest that this hypothesis is to be accepted.
Analyses of variance was carried out to test thaothesis. In case of statistically significant
differences, Cohen’d was calculated to determine the effect size (Talbe & Cook, 2002).
Table 3 summarizes the ANOVA-results and tablemraarizes the post hoc results.
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Clear and significant differences are found in finst set of learning materials in
relation to the knowledge questions, applicatioasgions and the total test score.

After studying the first set of learning materiadsgnificantly higher knowledge test scores
are attained by participants that were asked teldpvtheir own visual representations (T+D)
as compared to participants that were asked tolo@wvheir visual representation after
receiving training ¢ = .83). Participants studying learning materiaithvembedded visual
representations (T+V) attain significantly highgsphcation test scores than participants
studying text only (T) learning materiald £ .52). The same trend is observed in relation to
the total test score. Studying text only (T) resailin significantly lower performance than
studying text with embedded visual representatibhsV) (d = .45). Participants in the
condition where they were asked to design visualesentations (T+D) scored significantly
higher than those in the text only (T) conditioin=(.51).

In relation to the second set of learning materisilgnificantly higher knowledge test
scores are observed when participants study learnaterials with embedded visual
representations (T+V) as compared to participanidysng text only (T) learning materiald (
= .74). Additionally, participants studying textttviembedded visual representations (T+V)
attained significantly higher knowledge test scotiesn participants who had to develop
(T+D) the visual representationd € .94). Participants that were asked to develuali
representations after receiving a training (T+Dematfiraining) attained significantly lower
knowledge test scores than participants studyimgnlag materials with embedded visual
representationsd(= .99).
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Table 2. Descriptive results

Developing Total score

Text without Text with Developing _
) _ _ representations
representations representations representations ) o
with training
M? SD M SD M SD M SD M SD
Knowledge 9.63 3.23 10.25 3.58 11.17 4.31 8.41 1.83 9.90 3.49
test
Set Application 9.67 4.13 11.63 3.44 11.17 3.37 11.46 3.67 10.8877 3.
1 test

Total test  19.30 6.09 21.88 5.27 22.34 5.88 19.88 4.17 20.7862 5
score

Knowledge 10.37 3.27 12.83 3.39 9.58 3.55 9.43 3.44 10.70 4 3.6
test
Set Application 9.55 1.61 9.77 1.14 10.03 2.39 9/93 2.28 9.79 1.84
2 test
Total test  19.93 3.87 22.61 3.58 19.61 4.83 19.36 4.31 20.4929 4
score
Knowledge 11.69 9.02 11.75 9.24 10.80 9.78 13.90 8.61 11.9317 9
test

Set Application 14.49 7.28 14.88 6.35 16.06 6.36 13.96 8.00 14.8498 6
3 test

Total test  26.18 13.56 26.63 11.35 26.86 11.11 27.87 9.50 726.11.68

score
M SD i SD M SD M SD M SD
Cognitive
5.04 1.62 4.42 1.56 4.40 1.53 3.73 1.47 4.481.60
load 1
Cognitive " A
6.07 1.77 5.21 1.61 5.58 1.45 4.68 1.80 546 1.73
load 2
Total
cognitive 11.13 3.07 9.67 2.95 9.93 2.75 9.93 2.83 9.93 3.07
load

3N =69.°N = 60.°N = 47.9N = 41.°N= 67."N= 58.9N= 45."N= 40/'N=210"N=217.
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Table 3. ANOVA-results

df F p
Knowledge 3,213 5.17 0.02*
Set1l  Application 3,213 3.69 0.01*
Total 3,213 4.09 0.01*
Knowledge 3,213 11.75 0.00*
Set2  Application 3,213 0.72 0.54
Total 3,213 7.52 0.00*
Knowledge 3,213 0.89 0.45
Set3  Application 3,213 0.75 0.52
Total 3,213 0.18 0.91
df F P

Cognitive load 1 3,213 6.26 0.00*
Cognitive load 2 3,206 6.50 0.00*
Total 3,206 7.77 0.00*

Participants studying materials with embedded Visapresentations (T+V) attain
significantly higher total test scores as compdoegarticipants studying text onlg € .72),
or participants developing their own representati@in= .70), or participants developing their
own representations after receiving trainidg-(.82).

In relation to the third set learning materials, significant differences in test scores

were observed.

The impact on cognitive load
The descriptives in table 2 already point at cifferences in reported cognitive load (CL),

considering the different experimental conditioRaurticipants invited to develop their own
visual representations after receiving traininggoréed the lowest levels of cognitive load.
The analysis of variance results point consisteatlya significantly higher cognitive load
when participants were asked to study text onlynieg material (T). In every case, high
effect sizes are observed.
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Table 4. Post-hoc results

T+D > T+ D after F(3,213) =5.17df= 3,p < .05;d = .83

Setl Knowledge training
Application T+V>T F(3,213) = 3.69df= 3,p < .05;d = .52
Total T+V>T F(3,213) = 4.09df= 3,p < .05;d = .45
T+D>T F(3,213) = 4.09¢df= 3,p < .05;d = .51
T+V>T F(3,213) = 11.75¢f = 3,p < .05;d = .74
Set 2 T+V>T+D F(3,213) = 11.75¢f = 3,p < .05;d = .94
Knowledge
T +V > T+D after F(3,213) = 11.75df= 3,p < .05;d = .99
training
Application NS
T+V>T F(3,213) = 7.52df=3,p < .05;d = .72
Total T+V>T+D F(3,213) = 7.52df=3,p < .05;d = .70
T +V > T+D after F(3,213) = 7.52df= 3,p < .05;d = .82
training
Knowledge ns
Set 3 Application ns
Total ns
Cognitive load 1 T > T+D after training  F(1,213) =5.78df=1,p < .05;d = .86
Cognitive load 2 T > T+D after training  F(1,206) = 5.09df=1,p < .05;d=.70
Total cognitive load T>T+V F(1206) = 7.48df=1,p < .05;d = .76

T>T+Vafter training F(1,206) = 7.48df=1,p < .05;d=1.01

Discussion

The impact on test performance
In the present study, a variety of guidelines teellep visual representations were tested in a
shared collaborative learning context. Next toipgorants, studying in a small group learning
materials in a text only condition, other partigipga were invited to study collaboratively
learning materials enriched with expert-made visapltesentations. And, building on earlier
studies that suggested the potential of invitingriers to develop their own visual
representations, a third group shared and discubsedievelopment of visual representations.
In a fourth condition, the collective developmehtisual representations was preceded by a
group training. Activation and training were intcaibd to foster the mastery of the iconic
symbol system that is at the base of a visual sgotation. Collaboration was expected to be
a catalyst to boost up learning performance in tams were participants were invited to
develop their own visual representations.

At a first level, it is clear that collaborativebgudying ‘text only’ learning materials
leads rather to lower performance. This is in nth the findings of most CTML-studies. A
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second key finding is that participants who studifaboratively learning materials that have
been enriched with expert-made visual represemtid@+V), attain in most conditions
significantly higher test scores (knowledge tegpl@ation test or total test score).

The analysis results do not confirm the potentiahwiting participants to develop their own
representations (T+D); nor the expected additigaaitive impact of training participants in
such a research condition (T+D after training). Seheesults are unexpected; especially
considering the fact that participants were exmecte benefit additionally from the
collaborative set-up of the learning activity. Altilgh unexpected, the results are in line with
previous research (Prangsma, 2007, in press). Aauwf explanations can be put forward.
Suthers and Hundhausen (2003) argue that the clobicepresentational notations has an
influence on the learners’ interaction and as suchhe collaboration. Individual differences
are therefor expected to play a mediating role. iRstance, when studying the use concept
maps, Kinchin and Hay (2004) hypothesized that ggoumould be more effective when group
members were chosen on the base of shared knowsdggures. So this implies that the
group composition might be an influencing factore Wan also doubt the status of the
hypothesis about the potential of sharing and dsiog visual representations. It is
recognized that students learn scientific meaniagd concepts by using them in oral
communication (Duit & Treagust, 1998; Lemke, 19P@jincsar, Anderson, & David, 1993).
Collaborative design of visual representations gitbe participants the opportunity to
articulate their thoughts, elaborate the meaninghefcontent and co-construct conceptual
understanding. However it is possible that the giesask might not be as provocative as
hoped; this leading to lower performance (see ¥&so Boxtel, Van der Linden, Roelofs, &
Erkens, 2002). A third element can be put forwarcexplain the less beneficial impact of
developing visual representations. In the presemtys we used high perceptual and cognitive
challenging learning materials that could have @il an ‘overwhelming’ effect. This
concept, introduced by Lowe (2004), refers to thgnitive costs of the learning materials
which might be too high and lead to learners nouging on visual representations (Lowe,
2003; Pane, Corbett, & John, 1996). ‘Underwhelmiisga related concept and is observed
when learners do not really engage in the compmssbenof the visual representations.
Additionally, Dillenbourg and Bétrancourt (2006)sal warn about the supplementary
cognitive costs, caused by the processes invokethdcollaboration. While collaboration
might facilitate learning, it also requires cogvgtiresources. When too many resources are
required, the actual organization of mental modkelstalled. There seems to be a thin line
betweenfacilitating learning andhindering learning. A last explanation to explain the less
favourable outcomes builds again on the natur@é®fidonic symbol system as being part of
the knowledge domain. To design visual represemtatin relation to a new knowledge
domain, the learner needs also to master the pkticconic symbol system that fits this
knowledge domain. The basic mastery level of thaiggants could simply have been
inadequate to develop visual representations. Ardledicator as to the latter was the very
low pretest levels of all participants in this stud@his reintroduces the literature that stresses
the needs to reach a basic mastery level of theidceymbol system (Roth, 2003; Roth,
Pozzer-Ardenghi, & Han, 2005). Developing this meagtrequires a learning process with
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sufficient opportunities to exercise this skill.er'groups or learners in the present study might
have been to heterogeneous as to this learninggsodAnother fact is that being a novice in
the use of an iconic symbol system also leads teertime being spent on developing visual
representations. This might have caused particsp@aneglect the cognitive processing of the
actual learning content, thus leading to lower fgstformance. Lastly, we did not check
whether the participants in the present study vgeféciently acquainted with collaborative
learning. The collaboration-literature stressesthis context the importance to develop
collaboration skills (see e.g., Johnson & John&8np).

In the fourth condition, training was added as @ejine to counter the negative effect
of a weak mastery of the iconic symbol system. gbal was to train the participants in the
skill of using the iconic symbol system fit for thkmowledge domain of the educational
sciences. Tziner, Fisher, Senior and Weisberg (RD@icate that student characteristics can
influence the learning outcomes. The authors réferconscientiousness, self-efficacy,
motivation to learn, learning goal orientation, fpemance goal orientation and
instrumentality of training. This might lead to lewmastery levels of the iconic symbol
system, thus resulting in lower test performance.

A last observation centers on the non- signifigasults in relation to the third set of
learning materials. This might be due to fatigussuks that were raised above about the
importance of active engagement, sufficiently hlghkels of cognitive processing can be
repeated in this context.

The impact on cognitive load

Whereas, the impact on test performance is nanawith the theoretical expectations, the
results in relation to cognitive load are more piginy. Participants in conditions where they
were actively engaged with visual representatioesulted in the lowest levels of cognitive
load. This is in line with other researches (BodeRleetzner, Feuerlein, & Spada, 2004; De
Westelinck & Valcke, submitted; van Meter, Aleks®chwartz, & Garner, 2006; Yoder &

Hochevar, 2005).

Limitations, recommendations and conclusions

A number of methodological questions can be raisedlation to the present study. Firstly —
as was explained earlier — the process variabldalmaration’ was not manipulated in this
present study. This would have required a moreoetded research design to contrast groups
and individuals working in eight parallel conditeonThis was not feasible in the specific
course setting adopted for this study, and woulkkehaquired a higher number of available
research participants. Secondly, questions caraised about the content and the difficulty
level of the specific learning content. This cobllre played a role when comparing the three
sets of learning materials. Thirdly, differenceghe impact of CTML-guidelines can also be
related to the differences between the presenystnd the original CTML-studies of Mayer



Collaborative design 119

and his colleagues. Their studies tend to be rathert. Experimental sessions of 180 seconds
are no exception. Longer studies, implying the pssing of larger set of learning materials
can be cognitively more demanding. Also Tabbersrtéfegs and van Merriénboer (2003)
mention differences in duration as a possible exgilan for diverging and inconsistent
research findings. A critical issue is the factt timalividual differences of participants were
not taken into account. Since the research popumlatias rather homogeneous in terms of
their prior knowledge (freshman), it seemed nofulde take this into account. Nevertheless,
also Mayer (2001a) points at the mediating impdctndividual differences; such as for
example spatial abilities. He also concludes tlsal representations might serve different
cognitive functions for different subjects. Next gaor knowledge other variables, such as
differences in learning styles or spatial abilitiean help to explain the actual research results.
Building on the methodological remarks, basic cbimm@stics of future studies can be
outlined. Future research should take into acceantbles related to individual differences
(Cox, 1999; Kalyuga, Ayress, Chandler, & Swelled02). Comparison between freshmen
and more advance undergraduate and graduate summnitl be set up. This would allow to
study the mediating impact of the mastery of thewdedge domain, and the mastery of the
typical iconic symbol system when implementing $ige€TML and alternative guidelines.

In summary, the present study reconfirmed a nurobéndings of earlier studies about the
impact of visual representations. But, the studys wat able to put forward convincing
evidence to ground the theoretical assumptions taleamers that develop their own visual
representations. In addition, the collaborativeureatof the learning activities — a shared
feature in all the research conditions - did nsulein an added-value to ground instructional
practices. More research is needed to unravel ifferehtial impact of the variables
introduced in the present study.
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Chapter 6

Processing visual representations: do trainingaatigtation help?

Abstract

In an experimental design, 217 participants weredeoenly assigned to experimental
conditions to study multimedia learning materiakext only (T), text and visual
representations (T+V), text and individual devel@ptnof visual representations (T+D) and
text and individual development of visual repreaénnhs after training (T+D after training).
The study was set up to enrich the design impbaeatiderived from the Cognitive Theory of
Multimedia Learning. The central research problemties on the question whether training
in view of mastery of the underlying iconic symlsgistem of a visual representation and/or
activation by inviting students to develop theirrowisual representations result in effective
cognitive processing of the learning materials. hilgpotheses as to the expected impact of
activation and training could not be confirmed. Tiesults reflect inconsistencies when
compared to other studies. They also point at titecal role of prior knowledge when
studying a new knowledge domain.

Introduction and general resear ch problem

It is not possible to neglect the importance of timédia in the current design and
development of learning materials. Textual learningterials are enriched with pictures,
graphs, visual elements and audio materials. Inptksent study, we centre on a particular
subset of multimedia elements added to learningenads, namely static, visual multimedia
elements, referred to as visual representations.

Visual representations do not only affect the ativaness of learning materials but
are also expected to influence the active procgssirthe learning content. The latter is the
central assumption of the Cognitive Theory of Mukdia Learning (CTML) as defined by
Mayer and colleagues (Mayer, 2001a, 2001b, 200852Mayer & Anderson, 1991, 1992;
Mayer & Moreno, 1998, 2000, 2003; Mayer & Sims, 4P9The CTML resulted in a
characterization of design guidelines. A large badyempirical evidence underpins the
assumptions about the about of the CTML-guidelinessulting in higher learning
performance (see e.g., Ainsworth & Loizou, 2003;géln & Valanides, 2004; Chandler,
2004; Chang, Sung, & Chen, 2002; Lewalter, 2003y¢,a2003). But it has to be stressed that

. Chapter six is based on (1) De Westelinck, K., &¥a, M. (2005). The impact of external graphiegnesentations in different
knowledge domains: is there a domain specific &fféc L. Verschaffel, E., De Corte, G. Kanselaamy&Valcke (Eds.)Designing
powerful learning environments to promote deep eptial and strategic learning in major curriculaochains(pp. 213-232). Leuven,
Belgium: Studia Paedagogica - Leuven Universitys®and (2) the article submittedltearning and Individual differences
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most of these empirical studies have been set theifield of the ‘hard sciences’ (chemistry,
physics,..). Comparable research, set up in tHd ¢ the social sciences has been less
successful to replicate the CTML-findings, leadingunsolved issues concerning CTML in
other knowledge domains. A number of researchessuds these inconsistencies. Scaife and
Rogers (1996) state that there is insufficient kieolye about cognitive structures and
processes to develop a full understanding of legrnprocesses related to visual
representations. Postigo and Pozo (2004) argue diffarent levels of expertise ask for
different treatment which is ignored in many reshas. According to Guttormson Schar and
Kaiser (2006) the impact of studying multimediarteag materials has to be evaluated in
relation to the initial learning goals. Other rasbars stress the importance of individual
differences, cognitive load and design issues (BétIRinck, 2006).

An alternative explanation to approach the configtempirical results, is studying
the mastery of the iconic symbol system that ishat base of visual representations in a
particular knowledge domain, also called ‘symbditeracy’ (Eskritt & Lee, 2007). As
synonyms for ‘iconic symbol systems’, authors usmcepts such as ‘notations’ or
‘permanent external symbols’. Iconic symbol systediffer depending on the knowledge
domain. Certain knowledge domains (such as chemisiology, mathematics, ...) build on
well-defined, widely used and conventionalized ubgyuous iconic symbol systems to
represent specific content and can be consideredbudding bricks of this particular
knowledge domain (Aldrich & Sheppard, 2000; Gilbe2005; Gobert, 2005; Kozma &
Russel, 2005; Roth, Pozzer-Ardenghi, & Han, 2008effs Bateman, & Utall, 2005). In
contrast, other knowledge domains, such as thealssciences, do not build on established
iconic symbol systems. Mastery of an iconic symbgdtem can only be achieved through
experience and practice (Dori & Belcher, 2005; &ith 2005; Gobert, 2005; Kozma, &
Russel, 2005; Stieff, Bateman, & Utall, 2005). Weakstery of a less developed iconic
symbol system can therefore lead to subsequent Iparformance on performance tests. In
an earlier study, we attempted to influence thetemasof the iconic symbol systems by
evoking a more active and conscious processingr@efl to as activation) of the visual
representations in the knowledge domain of theas@diences (De Westelinck & Valcke,
submitted). Although in some cases activation teduin higher learning performance, also
inconsistent results were found. Therefore, inghesent study activation is again addressed
as the central research focus, but more attentibbibb@vpaid to the influence of training on the
active engagement of participants in the processimsual representations.

Thetheoretical position of activation

Previous research could not consistently replitaeoositive impact of the CTML-guidelines
in the domain of the social sciences. It was tlweechypothesized that this could be related to
the weak mastery of the iconic symbol system agphbg instructional designers when
developing the visual representations (De Westelingt. al., 2005). Activation was
introduced in a variety of studies to foster higlaative engagement of learners when



Training and activation 129

processing the learning materials (Gerjets, Sahe&teCatrambone, 2006; Paas & Van Gog,
2006; Van Gog, Paas, & Van Merriénboer, 2006; Vaarrnboer, Kirschner, & Kester,
2003). The introduction of the activation guideloan be justified on the base of CTML since
this theory builds on the active processing assiompT his assumption states that learners —
automatically — are engaged in selecting, orgagiand integrating mental models when
studying learning materials (Mayer, 2003). A numbérauthors have suggested ways to
foster this active processing (Bodemer, & PloetzB@02; Van Hout-Wolters, 2000;).

Activation is not to be seen as a dichotomy (ndvatibn versus activation) but rather
as a continuum (Van Meter & Garner, 2005; Van MeMeksic, Schwartz, & Garner, 2006).
At one side of the continuum, visual representaticare completely developed by
instructional designers and presented as sucletteénner (null activation). At the other side
of the continuum, visual representations are caostd independently by the individual
learners (full activation). Activation is expectedinfluence cognitive load. In this context it
is important to study the influence on germane extdaneous cognitive load. When learners
do not master the iconic symbol system used toldpwasual representations in a particular
knowledge domain, cognitive load will be higher atwhsequently the working memory
capacities will be affected. This will hinder thenstruction of mental models. Ideas, based on
empirical and theoretical evidence, to cope witlgritive load and to reduce extraneous
cognitive load concentrate on varying the levelsaofivation; for example by presenting
complete or worked examples (Briinken, SteinbacR&ass, & Leutner, 2002; Kirschner,
2002; Lowe, 2003; Mayer, 2003; Van Merriénbdé@rschner, & Kester, 2003). Bodemer and
Ploetzner (2002) found that extraneous cognitiva lavas reduced and germane cognitive
load was enhanced when learners were actively exdgagdeveloping visual representations.
But, in contrast to the former theoretical discossian alternative hypothesis can also be put
forward. Developing visual representations takesetiand requires part of the capacity of
working memory to develop schemas. It is possibé especially novices (e.g., freshman at
university) might experience problems since thevacprocessing of new and complex
learning content might be negatively affected by &ldditional task to design external visual
representations. This introduces the hypothetial of training to counter the negative side-
effects of requiring learners to develop externsiial representations.

Theoretical assumptions about the impact of training

In our previous studies argue that familiarity/a@igtance with the iconic symbol system
could be a critical factor influencing the learniogitcomes when studying multimedia
learning materials (De Westelinck & Valcke, 2005 MWestelinck, et. al., 2005; De
Westelinck, Valcke, & Kirschner, submitted). Thencept of mastery level was introduced by
several authors when they argued that it can oalsgdzomplished when practice and training
are introduced (Aldrich & Sheppard, 2000; Dori &I&er, 2005; Kozma & Russel, 2005;
Roth, Pozzer-Ardenghi, & Han, 2005). Roth, Pozzetehghi and Han (2003) and Gilbert
(2005) define the interpretation of iconic symbals a semiotic activity in which three
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different elements interrelate: the sign, the maférand the interpretant. They build on the
earlier work of de Saussure and Ecco who develogedinding work in the field of
semiotics. Brna, Cox and Good (2001) and Postigb Rorzo (2004) state that this implies
active and guided manipulation instead of passh&evation. This introduces the need for
explicit training focusing on the iconic symbol &®. In the literature, authors refer to a five-
step learning path (see Table 1) to develop thealitonal prior knowledge needed to
interpret correctly iconic symbol systems and reachufficient mastery level (Aldrich &
Sheppard, 2000; Dori & Belcher, 2005; Kozma & Rijs3@05). At a basic level, the learner
interprets the symbols as an iconic depiction, tvimext evolves along three stages to a final
stage where reflective use of the iconic symbohsigecomes possible. The fifth level is
considered as the mastery level, the final goal doientist or student-scientists. This
development path is also reflected in the theaakposition of Wileman (1993). He refers to
visual thinking when discussing the mastery of icosymbol systems. Visual thinking is
defined as the ability to conceptualize and presemtights, ideas and data as pictures and
graphics, in order to replace much of the availabdebal/textual representation. Three
overlapping strategies of thought are distinguishedging, seeing and designing. And also
three types of visual representations are beingergbd: pictures, verbal symbols and
graphical symbols.

Some authors discuss design features of the trpifior instance, the training should
include sufficient opportunities to exercise thevrekills (Gilbert, 2005; Kozma & Russel,
1997). Other authors suggest the adoption of coalparapproaches (Brna, Cox, & Good,
2001; Bowen & Roth, 2003). In this context, Schiamd Anderson (1999)conclude that a
clear distinction can be made between experts anttes. Different levels of expertise can
be observed along a continuum, pointing at theughithcrease and integration of knowledge
and skills.

Table 1. Competence levels in the mastery of iceyimbol systems

Level 1 Iconic symbol signs as an isomorphic, icaépiction.
Level 2 Early symbolic skills.
The person is familiar with symbolic sign systent thiey use it

without regards to syntax and semantics.

Level 3 Syntactic use of iconic symbol signs.
Level 4 Semantic use of iconic symbol signs.
Level 5 Reflective, rhetorical use of iconic symbigns.

In contrast to CTML, stating that extraneous cadgeitoad is expected to be lower due to he
support received by adding visual representatithrespresent discussion about the mastery of
the iconic symbol system introduces a critical pdondition. Extraneous cognitive load will
only be reduced when the learner masters, in acmirff way, the specific iconic symbol
system used to develop a visual representationsétpently, emphasis should therefore not
only be on the multimedia nature of learning malseras stated by the original CTML, but
also on the mastery level of the iconic symbol eystIf learners do not sufficiently master
the iconic symbol system in a new or unfamiliar Wiexlge domain, the visual



Training and activation 131

representations might invoke a higher extraneougnitwe load, thus leading to poorer
learning. To counter this, training can be intragtliclf learners are taught how to interpret
and develop an iconic symbol system, cognitive |loaight be decreased and learning
performance increased.

In the literature, authors discuss the differeniiapact of training on learning
performance (Chmielewski & Dansereau, 1998). Altifouve expect that training is
beneficial considering the resulting mastery ofitdmic symbol system, there might also be a
drawback. Investing time and energy in develophwy mastery of the iconic symbol system
might interfere with the related cognitive procegsof the actual new learning content being
represented.

Resear ch Method

General Research Question and Hypotheses

The central research question is whether trainergjgippants in the use of the iconic symbol

system will have a differential impact on learnipgrformance as measured via knowledge

and application tests. Building on the theoretibake, the following hypotheses are put

forward:

- Learning performance and reported cognitive loall e significantly different when
learners receive a training in developing visupresentations.

- Learning performance will be higher and reportednitive load will be lower when
learners are actively engaged in developing visgalesentations as compared to learners
studying ready-made visual representation in legrmaterials.

Participants

The entire population of freshmen in the Pedagddimaences program of the faculty of
Psychology and Educational sciences at Ghent Usitye(Belgium) was involved in this
study (academic year 2003-2004, N=218). The study set up as a formal and obligatory
part of the course to give the students an exp@lebase in view of the subsequent
theoretical discussion about CTML in the coursérdduction to Instructional Sciences’. As
to their educational background, the majority o€ tparticipants took a major in their
secondary education focusing on the humanitiessanil sciences; a minority studied a hard
sciences major. Only 5% of the target populatia@hhdive prior higher education experience.

Research design

An experimental pretest-posttest research was adopb research the differential impact of
(1) training and (2) activation, participants weassigned at random to one of the four
experimental conditions: studying text only matsri@), studying text-based materials with
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elaborated visual representations (T+V), studyimxt-based materials but with the
requirement to develop individual visual represgoits (T+D) and studying text-based
learning materials and the requirement to develggividual visual representations after
receiving a formal training (T+D after training)afficipants worked individually and could
not exchange information with other students witiial/or between research conditions.

Training is the mastery of visual representations

The training presented to students in the trairgogdition was designed on the base of
Wilemans’ theory (1993). In a first part the pagants were introduced to his theory. Next,
worked-out examples of visual representations weiscussed extensively as to their
relationship with the theory. Next, they were iedtto develop visual representations in
relation to a new text. Two participants were dele@to present their visual representation on
the blackboard so this could be discussed withother participants. Immediately after the
training, participants started with studying thevrearning materials and taking the related
pre- and posttests.

Learning materials

The learning materials consisted of three subsite. content of the learning materials
centered on the topic of ‘learning styles’ and vgasilar in the different conditions. As
explained above, four different multimedia elabioredé of the learning materials were
developed. The visual representations embedddteitearning materials were typical for the
knowledge domain as they can be found in tradititex books of this particular knowledge
domain. Mayer’'s design recommendations were strigtken into account (2001a, p. 191-
193) to ensure the optimal design of the learnimgemals. When participants were invited to
produce visual representation, extra space wasidaouvn the printed materials to develop
their schemas, drawings, pictures and so forth. g2oable materials were presented to the
learners in the condition where participants fisteived a training in developing visual
representations.

To test prior knowledge a pretest was presentgohtticipants. After studying each
subset, a posttest was administered. Both testsisted of knowledge and application
guestions. Knowledge questions focused on rememp@&liements of a topic (e.g., Explain
the layers in the ‘onion model’ of Curry?). Appliman questions focused on problem solving
and tested the deeper understanding of the co(gamnt Explain the behavior of person X
within the model of Vermunt and Vandersanden?).

Procedure

The research was set up during a single two hossi@® Participants were assigned ad
random, based on the alphabetical tuition list,ato experimental condition. Prior to

experimentation, one group (T+D after training)eiged a training based on the theory of
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Wileman (1993) as explained earlier. After takihg posttest of the first and the third subset
of learning materials, participants were askeddimeate their perceived mental effort as a
measure of cognitive load. This results in a subjeccognitive load scale (Paas, Renkl, &
Sweller, 1994) in which students note the amounefédrt they experienced on a scale
varying from O (very low) to 9 (very high). Two itn@d, independent scorers, for whom the
research conditions were masked, evaluated theemsdw the open questions of the pretests
and the posttests. The answers to the knowledgepictation questions were scored on the
base of a correction and scoring key. Test scoss standardized. Inter-rater reliability was
calculated to control the quality of the scoring2®% of the test items (Rourke, Anderson,
Garrison & Archer, 2001). A person agreement of789reflects a high reliability. Data-
analysis was carried out according to a pre-estaddi procedure. Measures were compared
using analysis of variance. In case of statistycalignificant differences, Cohen’s d was
calculated to determine the effect size (Talhei&€&ook, 2002).

Results

All first years students were obliged to take parthe research (N=218). Due to illness, one
student did not participate in the study. 217 paréints started the research; no data were lost
or removed during the collection and data cleapirgggedure. As a result, the full data set of
217 participants was included in the subsequeryses

The pretest results revealed that the prior knogdelgvel of all participants is very
low to non-existing and as a consequence no sogmifi differences at pretest level were
detected. Table 2 presents a summary of the déserigsults. Students in the T condition,
studying learning materials without visual repréagans, attained on average higher mean
posttest scores as compared to students in otimglitimms. As to cognitive load, it is clear
that participants studying learning materials wetihhbedded visual representations reported
the lowest level of cognitive load. In order todfuhe significance in differences in posttest
scores, analysis of variances was carried out. ahaysis was repeated in relation to the
three subsets of learning materials studied byp#récipants in each research condition. An
overview of the analysis results is presented bieté. Significant differences in posttest
results were only detected in relation to studyting first and the second subset of learning
materials. No significant differences in reporteéntal effort were observed. Post hoc
analysis of the differences in posttest scoreviatalized in table 4.

In relation to the first subset of materials a digant difference is observed in the
mastery of knowledge questions between the paamtgpin the condition where learning
materials are enriched with visual representatann$ where participants had to develop their
own visual representations (T+V>T+D).Studying tlksuits in relation to the second subset
of materials, the results point at significantlgliner mastery of knowledge related questions
after studying learning materials without visugdnesentations (T > T+D and T > T+D after
training). When it comes to application questiostsidying text with visualizations or text
without visualizations seem to be more valuable(B+T+D after training and T > T+D after
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training). Looking at the overall test results (khedge + application questions), text with

Chapter 6

visualizations result in superior performance asgared to developing visual representations

after training (T+V > T+D after training). It is jportant to note that effect sizes of the

observed significant differences are medium todddg= .50 and up td = .76).

Table 2. Mean scores and standard deviations féorpeance measures and cognitive load in

the four conditions in all subsets

_ ) ) Developing Total score
Text without Text with Developing _
_ _ ) representations
representations representations representations . o
with training
M? SD M SD M SD M SD MP SD
Knowledge* 9.88 .58
9.86 0.71 10.00 0.00 9.67 .86 10.00 0.00
test
Set Application 5.44 4.44
5.02 4.45 5.00 4.45 5.80 4.74 6.31 4.02
1 test
Total test 15.32 455
14.88 4.67 15.00 4.45 15.47 4.90 16.31 4.02
score
Knowledge 9.60 7.77
9.86 0.62 9.57 .89 9.35 1.29 9.51 0.82
test
Set Application 7.77 3.86
8.43 3.47 8.45 3.30 7.85 3.98 5.67 4.40
2  test
Total test 17.38 4.02
18.29 3.69 18.02 3.29 17.12 4.26 15.19 44
score
Knowledge 9.16 1.37
9.30 1.14 9.30 1.60 8.81 1.52 9.14 1.18
test
Set Application 7.35 2.65
7.32 2.54 7.95 2.36 6.91 3.06 7.12 2.66
3 test
Total test 16.52 3.17
16.62 2.83 17.25 3.06 15.72 3.94 16.26 2.69
score
M SD M SD M SD M SD M SD
Cognitive
3.8 1.46 3.26 1.68 3.74 1.74 3.61 1.53 36% 1.60
load 1
Cognitive B
4.21 1.56 3.68 1.72 4.34 1.84 3.80 1.36 4.02 1.64
load 2
Total
cognitive 8.05 2.83 6.96 3.21 8.07 3.51 7.48 274 765 3.09
load

aN=70.’N=57.°N=48.9N =42.°N= 68."/N=67.9N=66."N=57.'"N=53./N=53.*"N=47."N=44."N=41."N=40.

°N=39.PN=217.9N=213.'N=204.°N=202.

* Due to minimal discrimination power these tesis aot included in the analyses
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Table 3. Anova-results on knowledge, applicatict &ad total score in each subset

df F P
Knowledge 3,213 3.74 .01* F(3,213) = 3.74, df 3, .05; d = .54
Set1l  Application 3,213 1.03 .38
Total 3,213 .99 .40
Knowledge 3,213 3.02 .02* F(3,213) = 3.02, df 3, .05; d = .50
o F(3,213) =5.75,df =3, p < .05; d = .69
Application 3,213 5.75 .00*
Set 2 F(3,213) =5.75,df =3, p<.05;d = .72
Total 3.213 6.31 00+ F(3,213) =6.31df=3,p<.05;d =.76
F(3,213) =6.31,df =3, p<.05;d =.72
Knowledge 3,213 1.53 21
Set3  Application 3,213 1.52 21
Total 3,213 2.17 .09
df F P
Cognitive load 1 3,209 1.36 .20
Cognitive load 2 3,203 1.88 .26
Total 3,198 1.57 A3

Table 4. Post hoc results of the significant ddferes

Knowledge T+V>T+D F(3,213) =3.74,df = 3, p < .@b+ .54
Application NS
Set1l PP
Total NS
Knowledge T >T+D F(3,213) = 3.02, df = 3, p <;.05= .50
o T > T+D after training F(3,213) =5.75,df =3, p<.05; d = .69
Application o
Set 2 T+V > T+D after training F(3,213) =5.75,df =3, p<.05;d =.72
Total T > T+D after training F(3,213) =6.31df =3, p <.05;d =.76
ota
T+V > T+D after training F(3,213)=6.31,df=3,p<.05;d=.72
Knowledge NS
Application NS
Set3 PP
Total NS
Cognitive load 1 NS
Cognitive load 2 NS
Total cognitive load NS

Considering the cognitive load measures, the dasms suggest that participants
studying learning materials with embedded visupigsentations reported the lowest levels of
cognitive load. The highest levels of cognitive doaere reported when studying textual
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learning materials without visual representatiddgt, the analysis of variance results make
clear that none of these differences are significan

Discussion

The first hypothesis tested the differential impaxft the training related to visual
representations. The descriptive results and aisabyvariance results clearly show that there
is no positive influence of training. Although tmaig has proven its value in researches
relating to knowledge maps (Chmielewski & DansereB®08; Novak, 2005; Robins &
Mayer, 1993), other researches come to less pesitndings (Bahr & Dansereau, 2005;
Bowen & Roth, 2003; Roth & Bowen, 2003; Roth, Bow&h Masciotra; 2002). Some
authors state that takes more time and studentstoeget more experienced in a knowledge
domain before a sufficient mastery level of an ica@ymbol system will result in consequent
better learning performance (Dori & Belcher, 20@&l|bert, 2005). Also Airey & Linder
(2007) point out that developing mastery of theartying ‘language’ of representations takes
time and therefore criticize a large number of shemm CTML-studies. The results of the
present study could also be studied from the petiygeof the alternative hypothesis put
forward earlier in this article. Training imposestra work load and interferes with the
cognitive processing of the new learning contertisTreduces the available capacity of
working memory to develop integrated schema andébkalting learning performance. The
results suggest that this alternative hypothesighimbe valid. Participants in the training
condition (T+D after training) experience a highevel of cognitive load as compared to
participants studying textual materials with embaticand ready-made visual illustrations
(T+V); though these differences are not signifibadifferent. This nevertheless relates with
earlier research findings stating that active leayriheory can lead to higher performances
when the cognitive system is not overloaded (Ro&ihdayer, 1993).

The second hypothesis, focusing on the positiveerdiftial impact of activation by
asking participants to develop individually theiswal representations, is also not confirmed.
The performance of participants studying learnirggamals enriched with ready made visual
representations was significantly higher as conpéwestudents that were invited to develop
their own visual representations. The results dmrate results of the initial CTML-studies.
The analysis of the cognitive load suggests thed &l view of the second hypothesis, the
alternative hypothesis might be valid. Asking studeo develop their visual representations,
interferes negatively with the actual processingth®f new complex learning content and
invokes extraneous cognitive load.

In general, the findings of the present study cadiriked to a number of other studies. Cox
(1999), for example, states that the impact of lgig versus textual representations might be
affected by the degree to which learners understiamdemantics of iconic symbol systems.
The semantics of iconic symbol systems might bealty complex to understand. This is

suggested by Lowe (2003), who states that subgxttact information easier from signs that
reflect clear visual-spatial characteristics, suamh structural coherence and distinctive
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appearance (e.g., closely related to reality). Tais also be derived from the findings of
Dobson (1999) who found that the impact of repreg@ms is influenced by the difficulties
learners have to interpret the diagrams. He detexdnihat students actually prefer lexical
parts in learning materials as compared to diagepresentations. This brings us back to the
importance of prior knowledge, implying mastery bbth knowledge domain content
(concepts, facts, procedures, ...) and the relat@tidcsymbol systems (Seufert,2003). This
was already suggested by Scaife and Rogers (19@6Pastigo and Pozo (2004) when they
state that novices lack the necessary knowledgatatmmnitive structures and processes to
develop a full understanding of learning processksed to visual representations.

Limitations and conclusions

The present study and results can be criticizen fsanumber of perspectives. First, the nature
and quality of the visual representations presemede learning materials (T + V condition)
can be questioned. But, both the content and gealrepresentations used, were very similar
to those presented and incorporated in text booéother learning materials in the particular
knowledge domain. In addition, the visual represtom were screened by experts and
considered to be in line with CTML-guidelines. Sedly, the fact that the study was set up
with novices might have been a handicapping fadtiberature pays a lot of attention to the
difference between experts and novices (Airey &lein 2007; Anderson & Leinhardt, 2002;
Kulhavy & Stock, 1996). In addition, Airey and Lied(2007) point out that learners, when
developing visual representation, might make wrahgices since they are insufficiently
acquainted with adequate ways to develop represamga Though the participants in the
present study were first year students in the fegléducational sciences their understanding
and mastery of the underlying iconic symbol systaight still have been too weak; even
when training was provided. Thirdly, as alreadygrsjed above, the duration of the present
studies and certainly of the training might haverbéo short. Though the present studies
lasted longer than earlier CTML-studies, our assionp about the mastery of an iconic
symbol system might have neglected the need toyaplfarger time frame. Fourthly, relating
to training a few remarks can be made. It can gaeat that not only external factors play a
role in training. Nijman (2004) state that also@pe internal trainee characteristics affect the
general performance. It is even stated that tractesacteristics account for most of the
variability in training transfer scores. Maybe moagtention should be paid to these
characteristics. A last limitation is related t@ gharticular knowledge domain studied in this
research. The choice for the particular knowledgmain was inspired by earlier research that
pointed at conflicting outcomes when studying tkendard list of CTML-guidelines (De
Westelinck, et. al., 2005; Dobson, 1995, 1999; Lo&603). Nevertheless, contrasting
different knowledge domains might help to come tbedter understanding of the role of
mastery of the underlying iconic symbol system #redexpected impact of training.

This list of limitations of the present study purWard a clear agenda for future
research: involve novices and experts, set up esudi a larger time frame to allow a more
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grounded development of the underlying iconic syimbstems and this in a variety of
knowledge domains. This is a challenging agendarfstructional designers since it turns
attention away from simple outcomes related stutliestudies that centre on mediating
internal variables and processes and conditions ittt@ract with cognitive processing of
multimedia learning materials.
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Chapter 7
General discussion and conclusion

The research presented in this dissertation foauséise impact of the Cognitive Theory of
Multimedia Learning (CTML) (Mayer 2001a, 2001b, 30Q005). The theory formulates
‘principles’ to design multimedia learning matesiabhich lead, according tot Mayer (2001a,
2001b, 2003, 2005), to higher learning performamoespared to performances achieved
when learning materials without multimedia elaboratAs stated in the introductory chapter,
the term ‘guidelines’ is used throughout the ditegem when referring to the principles of
Mayer.

While Mayer concentrated on knowledge domains énrtaitural sciences questions
were raised if and under what circumstances thegelines would also lead towards higher
performances when learners study multimedia legrmiaterials compared to students
studying learning materials that are not multimedaborated. As replicating research did not
show the same promising results as the CTML-rekdarthe natural sciences the researchers
were obliged to look into new concepts that coelt towards new and additional guidelines.

In this chapter an integrated overview of the rissof the different studies is
presented. First, the theoretical background of CWl be summarized. Next the specific
researches used in the present dissertation willdmeissed, starting with replication research
of original CTML-studies, followed by studies in igh variables and/or guidelines have been
added such as activation, collaboration, and mginrAlso the cognitive load assessment will
be tackled in this discussion. In a next stepgeeeral research question and the five research
questions (in total six research questions) thae leeen presented in the introduction of this
dissertation will be discussed. The results replarighe different chapters are outlined and
related to one another. Finally, we conclude wittueber of limitations of the current
studies, directions for future research, and inapions of the research.

Theoretical base of and educational practicerelated to the Cognitive Theory of
Multimedia L earning

The rise of multimedia learning materials is a tadjresult of the increasing adoption of
information and communication technologies (ICTgducation. ICT has provided
instructional designers with new teaching and legrtechniques leading to enriched
multimedia learning materials. In this visual co#twisual literacy is a skill with growing
importance. Wileman (1999) defined this as “thdigttio read, interpret and understand
information presented in pictorial or graphic imsig@Vileman, 1999, p. 114). In other words
learners need to master this skill/compentencedd,runderstand and comprehend these
signs. In this context the concept of iconic synsighs is introduced. These signs comprise a
wide variety of visual representations that diffethe way they are strongly, weakly and
sometimes even not based on realistic represemsafithe empirical evidence underpinning
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the educational potential of iconic symbol signs imluenced educators and instructional
designers to integrate multimedia materials intorigng materials (Ainsworth & Loizou,
2003; Angeli & Valanides, 2004; Chandler, 2004; @haSung, & Chen, 2002; Lewalter,
2003; Lowe, 2003; Mayer, 2001a, 2003, 2005; No1&©98; Roth & Bowen, 1999; Roth,
Pozzer-Ardenghi, & Han, 2005; Schnotz, 2002; Sch&diempp, 2004). To support
learning performance from learning materials eratttvith iconic symbol signs, learners
need to be competent in reading, understandin@pplying those signs and symbol systems
(Ainsworth & Loizou, 2003; Angeli & Valanides, 200&@handler, 2004; Chang, Sung, &
Chen, 2002; Lewalter, 2003; Lowe, 2003; Mayer, 202003, 2005; Novak, 1998; Rouet,
Levonen, & Biardeau, 2001; Roth & Bowen, 1999; Rétbzzer-Ardenghi, & Han, 2005;
Schnotz, 2002; Schwan & Riempp, 2004). In the ohicdory chapter the distinction between
depictive and descriptive representation was dseisWhile realistic descriptive
representations are easily understandable and ebvmied, other types of representations
such as icons and other similar signs require rigre and practice for learners to understand
and use them correctly. Although much researctbbas carried out that supports enriching
learning materials with multimedia building on ic@symbol systems (Mayer, 1989, 2001,
2002, 2003; Mayer & Anderson, 1991, 1992; Mayer &risho, 1998; Mayer & Simmes,

1994; Moreno & Mayer, 1999; Mousavi, Low, & Swe]l&B95), there are also studies that
guestion the theoretical assumptions and consdguenstraightforward application in all
knowledge domains (Briinken, Plass, & Leutner, 2@k, 1999; Dobson, 1999; Dutke &
Rinck, 2006; Goolkasian, 2000; Guttormsen Schara8skr, 2006; Guttormsen Schér &
Zimmerman, 2006; Huk, 2006; Lowe, 2003; Moreno &&n 2004; Postigo & Pozo, 2004;
Prangsma, in press; Scaife & Rogers, 1996; Sct&a@annert, 2003). This dissertation fits
into the latter research strand that asks for rearpirical evidence to ground CTML into a
larger variety of knowledge domains. Consequetitigse studies put forward alternative and
additional guidelines to the CTML.

As the CTML was studied, questions were raised egmnieg the generalizibilty of the
research conclusions. The first study was set uhéak whether a straightforward
application of the CTML-guidelines could be pursuacdlear answer was not provided by
this replication research as it showed inconsisésneith the CTML-findings. This led to
studies that included also other knowledge domdifier the introduction of the knowledge
domains the question was raised whether other édonahtheoretical concepts such as
activation, collaboration and training, could presedequate extensions of the CTML-
guidelines as stated by Mayer (2001a).

In all of the studies presented in this dissertatiocomparable experimental design
was adopted. The subsequent studies have beep aststeps in a design-based research
cycle. Clearly, the presented studies took thegtlelsased research cycle into account by
enclosing the findings of earlier studies, repepéarlier features, adding new alternative
interventions, and partly replicating such eatfiiedings. To start with, the CTML-guidelines
were researched in a replicating study in the $gciances. As the results of that research
was not what was expected it made us revert totérature and search for new and
additional guidelines. The adoption of additionaidglines (i.e., activation, collaboration,
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training) is an example of how new instructiongbiagaches were considered in the
subsequent studies. The subsequent studies sharetkeer of features that enable us to
develop a consistent empirical body of knowledgeualthe impact of the original CTML and
alternative guidelines. First, the different stisdigere set up in the same context of a
university course for university freshman. All thieidies were set up in a naturalistic quasi-
experimental setting during three consecutive avaxlgears. Each study started with an
overall prior knowledge test about the contenheflearning materials to be studied.
Additional information about background variablés$he participants was obtained. Research
participants were randomly assigned to specifiecarpental or control condition. Prior to
their admission to university, nearly 95% of thee@rch participants finished General
Secondary Education, but by taking different majBased on the 2006 analysis of the
typical student population in this faculty, we cdate that 50% took a major in humanities,
20% graduated with a major in social sciences,38d majored in hard sciences. Finally,
5% of the research participants had already oldeaan@achelor degree. In each research
condition, participants studied subsequent seksashing materials (three to four sets). Each
set started and ended with the administrationksfawvledge and application test. Knowledge
tests studied the retention of information by leasnapplication tests went a step further by
testing how much of the knowledge the learnersdactrainsfer or apply in similar situations.
Twice during the study of the sets of learning malg, participants were asked to score their
perceived cognitive load. In the literature, measment of cognitive load is mainly based on
the learners’ subjective report of their perceiaeehtal effort. This results in a subjective
cognitive load score. The scale applied in thesdiss was developed by Paas, Renkl, and
Sweller (1994). Participants write down the amaafreffort they needed to study the
materials on a scale varying from 0 to 9. Use i type of scale is reported to have a high
reliability (Cronbach'sx) of .90 to .82 (Paas, 1992, Paas et al., 1994)diBg on the

particular guidelines, the multimedia elaboratiang the way learner(s) processed the
learning materials enriched with the multimediarespntations, varied in the experimental
conditions of each separate study.

Overview of theresearch questionsand summary of theresults

Building on the theoretical background explainegravious chapters, and in the

introduction, five research studies were conducié@. general research question, referred to

as research question 1, can be formulated as: €ageneralize the design guidelines for

designing learning materials derived from the CtgaiTheory of Multimedia Learning

which have been gathered primarily from the natscsénces to other domains of learning?

This is stated as the first research question. Rhasrgeneral question, five central research

questions can be formulated:

* Do multimedia learning materials in the domainha social sciences result in higher
performances of participants on knowledge and aafiin tests and lower levels of
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perceived cognitive load compared to participartte Wwave not been offered multimedia
learning materials? We refer to this as researestipn 2.

* To what extent is the learning performance of pgodints on knowledge and application
tests and the levels of perceived cognitive loafliiénced by the mastery level of the
used iconic symbol systems? We refer to this asareb question 3.

* To what extent is the learning performance of pgodéints on knowledge and application
tests and the levels of perceived cognitive lofldémced by active engagement in the
learning process? We refer to this as researchiqoes

* To what extent is the learning performance of pgodints on knowledge and application
tests and the levels of perceived cognitive loaa @ollaborative setting influenced by
active engagement? We refer to this as researdtigné.

* What is the impact of training on the performantpanticipants on knowledge and
application tests and the levels of perceived dognioad? We refer to this a research
guestion 6.

In the next section, the results of the studiesipdb research these questions are brought

together and interlinked. First the five last resbajuestions will be discussed as they are be

necessary to answer the general first researchignes

Resear ch questions

Research question 2: Do multimedia learning matsriia the knowledge domain of the social
sciences, result in higher performances of partiofs on knowledge and application tests
and lower levels of perceived cognitive laammpared to participants who have not been
offered multimedia learning materials?
The purpose of the research in chapter two waspiicate traditional CTML-studies and to
test whether the CTML-guidelines are applicablehenknowledge domain of the social
sciences. An experimental research programme imgHiQ0 freshmen, enrolled in the
Pedagogical Sciences programme of the faculty pyéiRdogy and Educational Sciences at
Ghent University (Belgium) and assigned randomlgegearch conditions, was carried out.
Nine themes concerning concepts in the educatsmeahces were presented to the learners.
The results did not present an unequivocal ansovtret research question (Table 3 on
p. 48) although some sub studies showed cleantyfgignt results different from those found
in traditional CTML-research. The fact that theulesdo not unequivocally confirm the
CTML-guidelines led to the conclusion that the CTiglidelines cannot be generalized in a
straightforward way to another knowledge domain.

Research question 3: To what extent is the learparfprmance of participants on
knowledge and application tests and the levelsodgived cognitive load influenced by the
mastery level of the used iconic symbol systems?

Chapter three built on theoretical and empiricadlence about the need to master the iconic
symbol used to develop a multimedia representalibe.study was set up in a variety of
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knowledge domains that helped to determine whetbgnaintance with the iconic symbol
system influences performance of participants iodedge domains where different types of
iconic symbol systems are being used: natural seiand educational science. In each of
these knowledge domains learning materials wereldped using two multimedia
elaborations: text and visual representations (Taf\W) visual representations and audio
(V+A) and one condition without multimedia elabaoat text only (T). In this research 286
students, freshmen enrolled in the Pedagogicah8egeprogramme of the faculty of
Psychology and Educational Sciences at Ghent UsitydiBelgium), participated in the
research. The potential differential impact of faanity with an iconic symbol system in
different knowledge domains became evident in &sailts. Participants studying learning
materials from the — for them - more familiar edic@al sciences, obtained significantly
higher post test scores in most sets of learningmads (Table 8, p. 70). These results
support our hypothesis and are in line with findirog other studies (Bowen & Roth, 2002,
2003; Roth & Bowen, 2003; Roth, Bowen, & Mascio&@0?2).

Though the results were promising, some inconsiggsrwere observed. Explanations
have been put forward to explain this. For instattoe high complexity level of the learning
materials in one of the subsets, studied in daftel the experiment was carried out, could be
an explanatory factor (Table 4, p. 65). An analgdithe cognitive load reported by the
participants shows a clear trend. The cognitive ligehigher when studying learning
materials from the natural sciences though diffeesrare not significant (Table 6, p. 69). The
results nevertheless helped to lead to the teetatimclusion that the learners’ familiarity
with, or his/her mastery level of, the iconic syrhbigns and systems can influence learning
performance. Though the results helped partly tegnin the hypotheses, more research was
needed.

Research question 4: To what extent is the learparformance of participants on
knowledge and application tests and the levelsodgived cognitive load influenced by
active engagement in the learning process?

Because the previous chapters provided evidentéhdgeneralizability of the CTML-
guidelines to other knowledge domains is questitenabd that the mastery level of the iconic
symbol system could be an influencing factor, iswaggested that other educational
conceptions could help to develop additional guicks that foster learning performance of
learners when studying multimedia learning materiel a study, the entire population of
freshmen enrolled in the Pedagogical Sciences anagpre of the faculty of Psychology and
Educational Sciences at Ghent University (Belgipar}icipated in the resulting study
(N=219). An experimental design was adopted, baseéindom assignment of participants
to different research conditions. Building on aieyrof activation levels, four research
conditions were developed. In each of the reseawolitions, participants studied an
alternative multimedia elaboration of the sameo$étarning materials (i.e., text and ready-
made visual representations (T+V), text and prekerexamples of visual representations
(T+PW) and text and the invitation to develop visepresentations (T+D) and a condition
without multimedia elaboration (i.e., text only;. Thhe manipulation of the levels of
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activation was labeled the ‘activation guidelinEhe learning materials in each of the four
conditions consisted of four themes related to rewgcomplex theoretical constructs in the
field of the educational sciences.

The results show a clear relationship betweendhel lof activation in developing
visual representations, the level of performannd,the level of perceived cognitive load.
The highest level of active involvement led to kinghest learning performance and invoked
the lowest level of cognitive load. The positivepimet is in line with the meta-analysis results
as reported by Marzano, Pickering, and Pollock {20then discussing the active
development of non-linguistic representations. Meeent studies also confirm the findings
that learner-generated drawing is a strategy thptaves learning from text-only materials
(Bodemer, Ploetzner, Feuerlein, & Spada, 2004; LL&083; Moreno & Valdez, 2005;
Schnotz & Rasch, 2005; Stern, Aprea, & Ebner, 20@31 Meter, Aleksic, Schwartz, &
Garner, 2006; Yoder & Hochevar, 2005). As a resié#,conclusion may be drawn that the
activation guideline enriches the potential of évailable CTML-guidelines.

Research question 5: To what extent is the learparfprmance of participants on
knowledge and application tests and the levelseofgived cognitive load in a collaborative
setting influenced by active engagement?

Chapter five replicated the previous study, butealda collaborative dimension to the
guidelines. Participants involved in the study wemneolled as freshmen in the Pedagogical
Sciences program of the faculty of Psychology adddational sciences of Ghent University
(Belgium). The entire population participated ie gtudy (N=217) as participation was a
formal part of the course ‘Instructional Scienc&srticipants were assigned randomly to
experimental conditions.

To investigate whether collaboration has a positifleence on performance and
reduces cognitive load, four different conditionsrevintroduced in an experimental research
design. In each of these conditions learning matewere presented with varying types of
multimedia elaborations: text and visual repred@ma (T+V), text and development of
visual representations (T+D) and text and developrobvisual representations after training
(T+D after training) and a condition where learnmgterials were not multimedia elaborated:
text only (T). In each of the four conditions, pagants worked together in small groups
during the ‘study’ phase; but not during the tdsige. Again, the four conditions reflected a
progression in active engagement as they evolwad fro activation to high activation of the
groups of learners. In the condition text only (€grners received learning materials
consisting solely of the body of text (i.e., withaisual representations). Learners in the
condition T+V studied learning materials consistigext enriched with visual
representations. These visual elements were deacklapcording to the CTML-guidelines.
The condition T+D invited learners to develop theim visual representations. This was also
the case in the last condition (T+D after trainindpere the learners were invited to develop
their own visual representations but received waade specific training about iconic symbol
systems to represent knowledge elements.
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There is theoretical and empirical evidence to gdotlne assumption that
collaboration can result in higher learning perfanoe. Unexpectedly, the condition where
text was enriched with visual representations detthé highest posttest performance, resulting
in the rejection of our hypothesis. Also other egshers arrived at these types of conflicting
results (see e.g., Prangsma, 2007; in press). &elausible explanations can be adduced to
explain such conflicting findings. Individual difiences, argued by Suthers and Hundhausen
(2003) could have played a mediating role duriniggboration. Also group composition may
have been an contributing factor in influencing tia¢ure of the collaboration (Kichin & Hay,
2004). ‘Overwhelming’ and ‘underwhelming’, conceptgoduced by Lowe (2004) could
have played a role in this context. The first isupht to arise if presentational characteristics
of the signs are such that the learner is unaljedcess the available information effectively
under the prevailing conditions. There is a misimdtetween the way in which the iconic
symbol signs deliver information on one hand, draléarner's capacity to process it
effectively on the other. Underwhelming can be tifdwf as the converse of overwhelming:
the signs lead to the learner being insufficiertigaged so that the available information is
under-processed. Because signs can provide a depaition of the changes involved in a
dynamic system, learners need do no more thanwbtsese dynamics as they are portrayed.
There is no need to carry out the intensive mengalipulations required for a static depiction
of the same situation. To conclude, the collabeeaguideline was not a successful additional
guideline to foster learning performance when siugiynultimedia learning materials.

Despite these results, some promising aspectsiveded in relation to cognitive load.
Participants in the condition where active engagemeas requested consequently report
lower levels of cognitive load. This is in line Wwitesults reported in other researches
(Bodemer, Ploetzner, Feuerlein, & Spada, 2004;Maeter, Aleksic, Schwartz, & Garner,
2006; Yoder & Hochevar, 2005).

Research question 6: What is the impact of traiminghe performance of participants on
knowledge and application tests and the levelsodgived cognitive load?

The entire population of freshmen enrolled in tleedogical Sciences programme of the
faculty of Psychology and Educational sciencestar® University (Belgium) was involved
in this study (academic year 2003-2004, N=218). Sthdy was set up as a formal and
obligatory part of the course to give students)gegential base in view of the subsequent
theoretical discussion about CTML in the coursérdduction to Instructional Sciences’. To
research the differential impact of (1) the traghguideline and (2) the activation guideline,
participants were randomly assigned to one of dtlie €xperimental conditions: studying text
only materials (T), studying text-based materiait wlaborated visual representations
(T+V), studying text-based materials but with tegquirement to develop individual visual
representations (T+D) and studying text-based iegmmaterials and the requirement to
develop individual visual representations afteereing a formal training (T+D after
training). Participants worked individually and édunot exchange information with other
students during and between research conditions.
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The first hypothesis tried to answer the questibetiver the training guideline could
be seen as an additional guideline leading towamiferential impact on learning
performances. The results clearly demonstratettiea¢ is no positive influence of training in
the use of iconic symbol systems to work with nmédia representations. Although training
has proven its value in research on mind mapsWwlatdge maps (Chmielewski & Dansereau,
1998; Novak, 2005; Robins & Mayer, 1993), otheeegsh has shown less positive findings
(Bahr & Dansereau, 2005; Bowen & Roth, 2003; RotB&ven, 2003; Roth, Bowen, &
Masciotra; 2002). Some authors state that it takex time to process learning content and
students need to get more experienced in a knowlddmain before sufficient mastery of an
iconic symbol system will result in higher learnipgrformance (Dori & Belcher, 2005;
Gilbert, 2005). Also Airey and Linder (2007) pooit that developing mastery of the
underlying ‘language’ of representations takes tamé consequently, criticize the short-term
nature of a large number of short-term CTML-studid®e results of the present study could
also be studied from the perspective of the alter@&ypothesis put forward: training
imposes extra work load and interferes with theaatognitive processing of the new
learning content. This reduces the available céypa€working memory for developing
integrated schema and the resulting learning padiace. The results show differences in the
direction of the alternative hypothesis, althougbse differences are not significant. This
nevertheless is related to earlier research firgdgtgting that activation can lead to higher
performances unless the cognitive system is nalaaged (Robins & Mayer, 1993).

The second hypothesis, focusing on the differemtiglact of the activation guideline
by asking participants to individually develop thesual representations, is also not
confirmed. The performance of participants studyesgning materials enriched with ready
made visual representations was significantly higtsecompared to that of students that were
invited to develop their own visual representatiditge results corroborated the results of the
initial CTML-studies. The analysis of the cognitiead suggests that, also given the second
hypothesis, the alternative hypothesis might balvalsking students to develop their visual
representations negatively interferes with the agbuocessing of the new complex learning
content and evokes extraneous cognitive load.

In general, the findings can be linked to a nundfether studies. Cox (1999), for
example, states that the impact of graphical vetesxtsial representations might be affected
by the degree to which learners understand the rg&aaf iconic symbol systems. The
semantics of iconic symbol systems might be inytiedo complex to understand. This is also
suggested by Lowe (2003) who states that subjettsat information easier from signs that
reflect clear visual-spatial characteristics, sasistructural coherence and distinctive
appearance (e.g., closely related to reality). €hisfurther be derived from the findings of
Dobson (1999), who found that the impact of repneg@ns is influenced by the difficulties
learners experience in interpreting the diagranestdd example, determined that students
actually prefer lexical parts in learning materiadscompared to diagram-representations.
This brings us back to the importance of prior kiealge, implying mastery of both
knowledge domain content (i.e., concepts, factgquures, ...) and the related iconic symbol
systems (Seufert, 2003). This was already suggedted it was stated that novices lack the
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necessary knowledge about cognitive structuregpamcesses to develop a full understanding
of learning processes related to iconic symbolssiftostigo, & Pozo, 2004; Scaife, &
Rogers, 1996).

Building on the results and the discussion, itaa possible to answer the general
research question which was: Can we generalizdebign guidelines for designing learning
materials derived from the Cognitive Theory of Mukdia Learning which have been
gathered primarily from the natural sciences t@ottomains of learning? If the conclusions
from the previous chapters are taken into consiigrahe question cannot be answered
unequivocally. We found for example that the efficaf the CTML-guidelines might be
marred by the mediating impact of the mastery lev¢he iconic symbol system commonly
adopted in a particular knowledge domain. Straayiatard application of the CTML-
guidelines does not lead in every knowledge dort@higher learning performances.
Building on this intermediate conclusion, the gigstvas raised as to whether other
educational conceptions can enrich the CTML andedghe number of CTML-guidelines.
Activation, collaboration and training were thegluded. Some results of these studies reflect
inconsistencies. Research provided evidence thav&aion’ in the use of iconic
representations could lead to higher performanaogettBs was partly contradicted by results
of other studies; especially when combined withatmiration.

Promising results are observed relating to the ahpa cognitive load. Learners
reported lower levels of cognitive load when thegrevactivated, and in knowledge domains
they were acquainted with and when they were aetiven a collaborative setting.
Surprisingly the cognitive load was higher whenldaners had received training. These
inconsistent results plead for more and furtheeaiesh concerning this topic.

Limitations and directionsfor futureresearch

In this section, we present a series of limitatiohthe studies reported in this dissertation.
Moreover, some directions for future research agsgnted to corroborate the research
findings or to study new research questions thaedrom the findings.

A first limitation is that the studies were carriedt with students in the educational
sciences as research population. This helped tivatdar bias resulting from variation in the
target audience, but future research needs tothgse other contexts to generalize the
present research results to different knowledgeadiosrand different student populations.
The need for involving students studying other kisalge domains is also necessary to be
able to present conclusions that can be generaliztéheb entire domain of the social sciences.

Secondly, we were unable to compare different ageps or educational levels since
the studies were all conducted with the particgrabf university freshmen. It is considered
crucial to involve more advanced-level studentdifferent knowledge domains. This will
allow researchers to study the impact of the madeeel of the iconic symbol systems used
to develop multimedia representations in more cemphd advanced knowledge domains.
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A third limitation concerns the way we studied Hypothesis about the critical role of
the mastery of the iconic symbol system. In theanirstudies, the same group of participants
was presented with learning materials and relatedic symbol systems of two knowledge
domains. Future studies could involve students fddfiferent knowledge domains, studying
learning materials from different knowledge domdimg., social science students and
content versus engineering study students and mnen attempt was made to set up this
kind of study, but this failed due to practicalseas beyond the control of researchers.

Fourthly, research involving larger samples is eessity to be able to apply more
advance analysis techniques and to be able to stedpower’ of the statistical results.

The fifth limitation is related to individual vabées in students, such as their learning
styles, study approach, prior educational backgiamd pacing. These variables could have
played a role or could have interacted with theepehdent variables and/or processes
pursued during the studies. Since our researchlsangs rather homogeneous in terms of
prior knowledge, the role of prior knowledge wasdiaof significance. Nevertheless, future
research should consider Mayer’s (2001a) seventleljoe that stresses the critical role of
individual differences in for example, prior knowtge and preferences in the representation
of learning materials. Research by, for instana @veals that “there are large variations
between subjects in the types and modalities afreat graphical representations that they
use in their solutions” (1999, p. 356). He alsodatodes that iconic symbol systems might
serve different cognitive functions for differeniigects. When studying the differential
impact of individual differences, the adoption tii@r statistical analysis techniques should be
considered when the design allows it. Structuraldgign Modelling (SEM) can for instance
be adopted to test the impact of mediating varghted co-variables.

Questions can be raised about the quality of thiinmedia representations that may
be adduced as a sixth limitation. Do the resuliserareflect the influence of less effective
elaboration of for example, visual representatiofisi® is important since recent studies (see
e.g., Schnotz & Bannert, 2003) give support toassumption that non task-appropriate
representations do not foster comprehension andaimmodel construction. As explained,
much time and effort was invested in the desigthefrepresentations by a team of designers.
The representations were moreover typical of thragrh found in textbooks in the field of
educational sciences or natural sciences.

A seventh limitation deals with the selection andhplexity level of the specific
learning content. This was an issue of particutgzartance when designing the present
studies. The researchers did build on about fiaes/ef experience in developing learning
materials for courses for this group of freshmaraddition, the complexity level of the
learning materials was scrutinized. Preferablys sinould have been better this was done
prior to the research with an objective measurevemuld have influenced a better selection
of the learning content. The results point cleatly possible side-effect of content
complexity. Content complexity should be subjecitnafre CTML-oriented research.

The eighth limitation is related to the duratiortloé studies. The original CTML-
studies of Mayer and his colleagues were very &thih time. In the present studies, larger
chunks of learning materials had to be processeadgla longer period of time. It is possible
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that more demanding study tasks result in divergesgarch results compared to Mayer’s
original studies. Also Tabbers, Martens and Vanriaboer (2004) mention this particular
divergence between the results of their studieslaose of Mayer. Task duration might be a
source of ambiguous research results.

The ninth and last limitation is related to theitimof the posttest, administered
immediately after studying the learning materiadsuture research, a delayed impact of the
alternative multimedia presentations could be taktmconsideration. A recent study found
that posttest results differed when focusing on ediate posttest results and long-term
posttest scores (Atkinson, Clark, Harrison, Koegidgzamirez, 2007). This is particularly
true when we expect an impact of training on theetigoment of or the interpretation of
iconic symbol systems and iconic symbol signshinpresent studies, we took the prior
knowledge of the participants of the learning cahieto account. It would have been —
additionally — important to determine prior knowged(i.e., level of mastery) of the use of the
iconic symbol system in a certain knowledge domaind to include data about this mastery
in the analysis of the results.

Building on our results and limitations, additionédections for future research can be
presented. Focusing on being and/or becoming familith an iconic symbol system, future
studies could center on the characteristics ofuobnal processes focusing on getting
acquainted with the iconic symbol system as argmated part of studying in a knowledge
domain. In addition, a more active learner rolelddoe studied, for example, by asking
learners to develop their own multimedia repredenta and/or to build on available personal
iconic symbol systems. This could be the start gfialitative way to look into the CTML-
studies.

Implications

The research presented in this dissertation ngtlogips develop a better insight in the impact
of the Cognitive Theory of Multimedia Learning, talso provides insights with direct and
clear implications for educational practice. Irsteection, the most important practical
implications of the results will be outlined.

Even though it is not yet completely clear if ammithe CTML-guidelines influence
learning performances in different knowledge domma@ducational designers should become
aware of use of the differential impact of the glilges on learning. The results especially
urge designers to be aware of the nature of theaymbol systems they apply when
developing learning materials. They should consilisrin view of characteristics of the
learner (e.g., novices) and whether they are antgpdhiwith the iconic symbol system or not.
Questions should be asked about the relationslitipelea the representation and the textual
content, about the level of comprehension needatdret the representation in an
adequate way, and so forth.

The CTML builds on the assumption that learningetagglace via two parallel
channels (i.e., dual channel assumption). As bdwtvisual and the auditory channel have a
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limited capacity it is most helpful for learnerseploit both channels while studying. The
current research results make clear that visuaéseptations and audio support do not always
result in higher performance. Visual representatican lead to an increased cognitive load
that, in its turn, can lead towards extraneous wmgrknemory. And this can result in lower
performances. This implies that instructional desrg should be careful in their designing

and development of multimedia learning materi@ist results clearly show that to a certain
extent learners are mostly used to studying textdi@atmation, or text enriched with iconic
symbol signs and not audio.

Educational designers should also pay attenti@gofficient level of learner
activation when designing multimedia learning miater Learners are likely to attain a higher
level of learning performance and experience a tdexes| of cognitive load when they are
more actively engaged in the learning process.vAa@ngagement by developing personal
iconic symbol signs might also be beneficial, g has to be carefully balanced with time
management. This was also suggested by Moreno allg%/(2005) and Tabbers, Martens
and Van Merriénboer (2003) who refer to a lackimietcontrol by participants who are
actively engaged in designing representations. ism®et an easy task for instructional
designers. Nonetheless, they should try to incaadation in learning materials and/or to
provide alternative elaborations for specific stuide

The same implication can be made in relation ttaboration. Earlier research is very
consistent in stating that collaboration is helgéullearners to understand and comprehend
learning content. Designers could extend the piatienit collaborative learning to the design
of learning materials that invite learners to wtwgether and to discuss the content and
multimedia elaboration of such learning material.

A key implication of the research findings is tkia iconic symbol systems that are
being used to develop multimedia learning matepalght to receive more attention during
the learning material design process and teachiagfipe. Novices are not always able to
grasp, understand and comprehend the iconic sysystéms in a particular knowledge
domain. However, only through exercise and praatitidearners reach the mastery level
discussed in the first chapter. If there is neitivae nor place to practise this, learners will
find themseleves hard pressed to reach a suffiomastery level and will experience
difficulties in gaining an understanding of thenegentations in the particular knowledge
domain.

To conclude

The research presented in this dissertation airhgdiaing an understanding how the CTML-
guidelines work in different knowledge domains &gy activation, collaboration and
training could be relevant conceptions to expantYCTThe general research question
embodied the idea that educational scientists shagllect upon the CTML in general.
Guidelines are not standard recipes wherewith ssvanall questions and solve all problems.
Future research should question available andnalti#e guidelines that are grounded in a
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clear theoretical base. We nevertheless hopehbagiresent dissertation has proved a
valuable first attempt in this direction that cousult in more effective, efficient and
satisfying multimedia learning materials.

References

Ainsworth, S., & Loizou, A. T. (2003). The effeat$ self-explaining when learning with text
or diagramsCognitive Science, 2669-681.

Airey, J., & Linder, C. (2007)Learning from complementary representations: aigistary
discourse approachPaper presented at the 2007 EARLI-conference,ustu@8-
September 1 2007, Budapest, Hungary.

Angeli, C., & Valanides, N. (2004). Examining th#eet of text-only and text-and-visual
instructional materials on the achievement of fidéghendent and field-independent
learners during problem-solving with modelling saite. Educational Technology
Research and Development, 23;36.

Bahr, G. S., & Dansereau, D. F. (2005). Bilingualowledge maps (BiK maps) as a
presentation format: delayed recall and trainirfga$. The Journal of Experimental
Education, 73101-118.

Bodemer, D., Ploetzner, R., Feuerlein, I., & Spada,(2004). The active integration of
information during learning with dynamic and intetreée visualisationsLearning and
Instruction, 14 325-341.

Bowen, G. M., & Roth, W. M. (2002). Why students ynaot learn to interpret scientific
inscriptions.Research in Science Education, 3@3-327.

Bowen, G. M., & Roth, W. M. (2003). Graph inter@tdn practices of science and education
majors. Canadian Journal of Science, Mathematics and TddgyoEducation. 3,
499-512.

Brunken, R., Plass, J. L., & Leutner, D. (2004)séssment of cognitive load in multimedia
learning with dual-task methodology: Auditory loadnd modality effects.
Instructional Science, 32,15-132.

Cox., R. (1999). Representation construction, @déeged cognition and individual
differencesLearning and Instruction,,B43-363.

Chandler, P. (2004). The crucial role of cognitipeocesses in the design of dynamic
visualizationsLearning and Instruction, 14853-357.

Chang, K. E., Sung, Y. T., & Chen, I. D. (2002).eTéffect of concept mapping to enhance
text comprehension and summarizatidhe Journal of Experimental Education, 71,
5-23.

Chmielewski, T. L., & Dansereau, D. F. (1998). BEmtiag the recall of text: knowledge
mapping training promotes implicit transfdournal of Educational Psychology. 90,
407-413.



156 Chapter 7

Dillenbourg, P., & Bétrancourt, M. (2006). Collabhtion load. In J. Elen, and R. A. Clark
(Eds.), Handling complexity in learning environments: resda and theory.
Amsterdam: Elsevier.

Dobson, M. (1999). Information enforcement andreay with interactive graphical systems.
Learning and Instruction,,865-390.

Dori, Y. J., & Belcher, J. (2005). Learning electragnetism with visualization and active
Learning. In J. K. Gilbert (Ed.)Yisualization in Science Educatidpp. 187-216).
Dordrecht: Springer.)

Dutke, S., & Rinck, M. (2006). Multimedia learning/orking memory and the learning of
word and picture diagramkearning and Instruction, 126-537.

Duit, R., & Treagust, D.F. (1998). Learning in swe: From behaviourism towards social
constructivism and beyond. In B. J. Fraser, andGK.Tobin (Eds.),International
handbook of science educatifpp. 3-25). London, UK: Kluwer.

Gilbert, J. K. (Ed.) (2005). Visualization in sceneducation. In J. K. Gilbert (EdModels
and modeling in science education: Visualizationsoence educatioripp. 9-28).
Dordrecht: Springer.

Goolkasian, P. (2000). Pictures, words and souRdsm which format are we best able to
reason?he Journal of General Psychology, 1239-459.

Guttormsen Schar, S., & Kaiser, J. (2006). Revigimglti-)media learning principles by
applying a differentiated knowledge concepiternational Journal of Human-
Computer Studies, 64061-1070.

Guttormsen Schar, S., & Zimmerman, P. G. (2008)edtigating mans to reduce cognitive
load from animationsProceedings CELDA 2006, Cognition and Learning igi@l
Age,Barcelona 8-10 December 2006.

Huk, T. (2006). Who benefits from learning with 3Dodels? The case of spatial ability.
Journal of Computer Assisted Learning, 292-404.

Kinchin, I, & Hay, D. (2004). Using concept maps bptimize the composition of
collaborative students groups: a pilot studgsues and innovations in nursing
education, 511,82-187.

Lewalter, D. (2003). Cognitive strategies for leagnhfrom static and dynamic visuals.
Learning and Instruction, 13,77-189.

Lemke, J. L. (1990)Talking science: Language, learning and vallésrwood, NJ: Ablex.

Lowe, R. K. (2003). Animation and learning: seleetprocessing of information in dynamic
graphicsLearning and Instruction, 13,57-176.

Lowe, R. K. (2004). Interrogation of a dynamic \aisation during learning-earning and
Instruction, 14 257-274.

Marzano, R. J., Pickering, D. J., & Pollock, J.(E001).Classroom instruction that works.
Research-Based strategies for increasing studdmeaementASCD.

Mayer, R. E. (2001aMultimedia learning Cambridge, MA: University Press.

Mayer, R. E. (2001b). Cognitive, metacognitive amativational aspects of problem solving.
In H. Hartman, (Ed.),Metacognition in Learning and Instructiofpp. 87-102),
Dordrecht, The Netherlands: Kluwer Academic Press.



General discussion 157

Mayer, R. E. (2003). The promise of multimedia ihé@ag: using the same instructional design
methods across different medigarning and Instruction, 13,25-139.

Mayer, R. E. (Ed.) (2005)The Cambridge handbook of multimedia learni@g@mbridge:
University Press.

Mayer, R. E., & Anderson, R. (1991). Animations cheémrrations: an experimental test of a
dual-coding hypothesigournal of Educational Psychology, 884-490.

Mayer, R. E., & Anderson, R. (1992). The instruetisnimation: Helping students build
connections between words and pictures in multimebiarning. Journal of
Educational Psychology, 8444-452.

Mayer, R. E., & Moreno, R. (1998). A split-attemtieffect in multimedia learning: Evidence
for dual processing systems in working memdaigurnal of Educational Psychology,
90, 312-320.

Mayer, R. E., & Sims, V. (1994). For whom is a pret worth a thousand words? Extensions
of a dual-coding theory on multimedia learnidgurnal of Educational Psychology,
84, 389-401.

Moreno, R., & Duran, R. (2004). Do multiple repneisgions need explanations? The role of
verbal guidance and individual differences in nmé#dia mathematics learning.
Journal of Educational Psychology, 982-503.

Moreno, R., & Mayer, R. (1999). Cognitive principlef multimedia learning: The role of
modality and contiguityJournal of Educational Psychology, B58-368.

Moreno, R., & Valdez (2005). Cognitive load andrfeag effects of having students organize
pictures and words in multimedia environments: ithle of student interactiviy and
feedbackEducational Technology Research and DevelopmenB8%35.

Mousavi, S. Y., Low, R., & Sweller, J. (1995). Rethg cognitive load by mixing auditory
and visual presentation moddsurnal of Educational Psychology, 8319-334.

Novak, J. D. (1998).Learning, Creating, and Using Knowledge: Concept p§laas
Facilitative Tools in Schools and Cooperationdahwah/New Jersey: Lawrence
Erlbaum Associates Publishers.

Palincsar, A. S., Anderson, C., & David, Y.M. (199®ursuing scientific literacy in the
middle grades through collaborative problem solvifige Elementary School Journal,
93,643-658.

Pane, J. F., Corbett, A. T., & John, B. E. (1998;18 April). Assessing dynamics in
computer-based instructionBaper presented at the CHI.

Postigo, Y., & Pozo, J. I. (2004). On the road tapfpicacy: the learning of graphical
representation systentsducational Psychology, 2623-644.

Prangsma, M. (in press). Developing the big pict&féects of collaborative construction of
multimodal representations in history. Accepted farblication in Instructional

Science
Rebetez, C. (2006). Control and collaboration inltitnedia learning: is there a split-
interaction? Master dissertation retrieved August2, 12006 from

http://tecfa.unige.ch/perso/staf/rebetez/blog/wp-
content/files/Rebetez_DEA_cleap2_2006.pdf



158 Chapter 7

Robins, S., & Mayer, R. E. (1993). Schema traininganalogical reasoninglournal of
Educational Psychology, 8529-538.

Roth, W. M. (2003).Toward an anthropology of graphing. Semiotic andvéy-theoretic
perspectivesDordrecht, Kluwer Academic publishers.

Roth W.-M., & Bowen, G. M. (1999). Complexities gfaphical representations during
ecology lectures: an analysis rooted in semiotimd Bermeneutic phenomenology.
Learning and Instruction,,238-255.

Roth, W. M., Bowen, G. M., & Maciotra, D. (200Brom thing to sign and “natural object”:
toward a genetic phenomenology of graph interpmtatScience, Technology and
Human Values, 28327-356.

Roth, W. M., Pozzer-Ardenghi, L., & Han, J. Y. (H)OCritical graphicacy. Understanding
visual representation practices in school sciefrcéV. M. Roth (Ed.),Science &
Technology Education Librarfpordrecht, Springer.

Scaife, M., & Rogers, Y. (1996). External cognititvow do graphical representations work?
International Journal of Human-Computer Studies;185-213.

Schnotz, W. (2002). Towards an integrated vieweairiing from text and visual displays.
Educational Psychology Review, 1491-120.

Schnotz, W., & Bannert, M. (2003). Construction amigrference in learning from multiple
representations.earning and Instruction, 13,41-156.

Schnotz, W., & Rasch, T. (2005). Enabling, fadiiitg and inhibiting effects of animations in
multimedia learning: why reduction of cognitive tbaan have negative results on
learning.Educational Technology Research and Development538.

Schwan, S., & Riempp, R. (2004). The cognitive lignef interactive videos: Learning to tie
nautical knotsLearning and Instruction, 1£93-305.

Seufert, T. (2003). Supporting coherence formaitiolearning from multiple representations.
Learning and Instruction, 1227-237.

Stern, E., Aprea, C., & Ebner, H. G. (2003). Impngyv cross-content transfer in text
processing by means of active graphical repredgentdtearning and Instruction, 13,
191-203.

Suthers, D. D., & Hundhausen, C. D. (2003). An expental study of the effects of
representational guidance on collaborative learrpngcessesThe Journal of the
LearningSciences, 12,83-218.

Tabbers, H. K., Martens, R. L., & Van Merriénbo&rJ. G. (2004). Multimedia instructions
and cognitive load theory: Effects of modality awdeing. British Journal of
Educational Psychology, 74]1-81.

Tziner, A., Fisher, M., Senior, T., & Weisbert,(2007). Effects of trainee characteristics on
training effectivenessnternational Journal of Selection and AssessniEst2007.

Van Boxtel, C. A. M., Van der Linden, J., RoeloEs, & Erkens, G. (2002). Collaborative
concept mapping: Provoking and supporting meaningliscourse. Theory into
practice, 4140-46.



General discussion 159

Van Meter, P., & Aleksic, M., & Schwartz, A., & Gaer, J. (2006). Learner-generated
drawing as a stragegy for learning from contena dext. Contemporary Educational
Psychology, 31142-166.

Yoder, J. D., & Hochevar, C. M. (2005). Encouragaugive learning can improve students’
performance on examinationggaching of psychology, 321-95.






Nederlandstalige samenvatting
(Summary in Dutch)

Veralgemeenbaarheid van de designprincipes voankgerialen

volgens de “Cognitieve Multimedia Theorie”.

Het onderzoek dat wordt voorgesteld in dit proefigtiocust op de studie van de impact van
ontwerp- en ontwikkelrichtlijnen die zijn afgelewdn de Cognitieve Theorie van Multimedia
Leren (CTML). Op basis van de CTML zoeken veel ondekers naar effectieve
ontwerprichtlijnen om leermaterialen te ontwikkebha leiden tot betere leerresultaten van
lerenden. Dit proefschrift sluit aan op deze zoektoDaarbij wordt de validiteit onderzocht
van de CTML en de ervan afgeleide ontwerprichthjime kennisdomeinen die verschillen van
deze waarin de theorie aanvankelijk werd ontwikk&keh tweede staat het concipiéren en
evalueren van een aantal aanvullende richtlijnertraal in dit proefschrift.

De Cognitive Theory of Multimedia L earning

In het eerste hoofdstuk van het proefschrift westt overzicht van de verschillende
theorieén die het gebruik van multimedia in leeemraten richting kunnen geven. Door de
algemene toename van het gebruik van informati€oemmunicatietechnologie (ICT) in vele
leer- en onderwijscontexten wordt namelijk meeneer gebruik gemaakt van multimedia
bij het ontwerp en ontwikkelproces. Daardoor wortsrtmaterialen steeds vaker verrijkt met
representaties die voortbouwen op specifieke ‘icagimbol signs’ of een ‘iconic symbol
system’ die het de lerende eenvoudiger moet malkeemic symbol signs’ wordt gebruikt om
alle externe grafische representaties onder wedke vlan ook aan te duiden. De CTML is
gekozen als de basistheorie om te beschrijven eerkéaren hoe lerenden voordeel hebben
bij het bestuderen van multimedia leermateriaal CO®IL is gebaseerd op het
informatieverwerkend model van menselijk leren.l@gis van de CTML zijn door de
oorspronkelijke en latere onderzoekers ontwergijolt afgelijnd. De multimedia-richtlijn
stelt dat lerenden beter presteren wanneer teksjkvés met beeldmateriaal dan wanneer
enkel tekst wordt bestudeerd. Volgens de ‘spatiatiguity’-richtlijn is het leereffect groter
wanneer de tekst en het beeldmateriaal dichtbgagligeplaatst worden in ruimte. De
‘temporal contiguity’-richtlijn is hiermee vergdtipaar, maar heeft het dan over het samen
aanbieden van audio en tekst i.p.v. de audio abietken na het lezen van de tekst. De
coherentie-richtlijn stelt dat lerenden beter lenemneer alle overbodig materiaal, tekst en
woorden, verwijderd worden uit het leermateriaa.odaliteitsrichtlijn stelt dat het
verrijken van beeldmateriaal met audio beter wdégkt het verrijken van beeldmateriaal met
tekst. De redundantie-richtlijn stelt dat het toegen van gedrukte woorden niet leidt tot
betere leerresultaten wanneer er al beeldmatenagésproken woorden aangeboden werden.
Een laatste richtlijn benadrukt individuele verdlemi in de effectiviteit van de vorige
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richtlijnen. Ze zijn effectiever bij lerenden meeinig voorkennis en met een goed
ontwikkeld ruimtelijk voorstellingsvermogen.

De effectiviteit van de CTML-richtlijnen is door a@mtwikkelaars ervan (zie Mayer en
collega’s) empirisch onderbouwd. Op theoretisclk viarklaren ze de effectiviteit door te
verwijzen naar een tweetal theoretische mechanisdeedual-channel assumptie en
cognitive load. De dual-channel assumptie ondenstechtstreeks het gebruik van
multimedia (bijv. het gebruik van geluid naast tgkendat gesteld wordt dat lerenden
informatie kunnen verwerken via twee parallelledan: een visueel kanaal (voor bijv. tekst)
en een auditief kanaal (voor bijv. een commentaarktHet inspelen op beide kanalen bij het
ontwerpen van leermaterialen ondersteunt daaromesd efficiénte verwerking van de
informatie in de leermaterialen. Inherent aan dMCTs ten tweede de notie van cognitive
load/cognitieve belasting. Het beter verzorgendapresentatie van de leermaterialen wordt
veronderstelt de extraneous cognitive load te vealisrien waardoor de verwerking van de
kennis in het werkgeheugen wordt bevorderd en dgikikeling van mentale schema’s en/of
de retrieval ervan wordt bevorderd.

Basisassumpties bij de CTML

De CTML bouwt verder op een basisassumptie, daeitheorie zelf niet is geéxpliciteerd.
Een conditie is namelijk dat bij het ontwerpen wamtimedia en dus bij het toevoegen van
representaties aan tekstuele leermaterialen dedenede gebruikte ‘iconic symbol signs’
begrijpen. Het is een voorwaarde dat de lerendegdtenteerde ‘iconic symbol system’
voldoende beheersen. Er bestaat met andere woeethesoort ‘representatiecompetentie’ of
geletterdheid. Een lerende kan deze competentiglkdlen via een aantal
ontwikkelstappen. In de eerste fase leert menldmtegebruiken als een iconic depiction van
het concept. In een tweede fase ontwikkelen zishele symbolische vaardigheden waarbij
niet alleen de depiction centraal staat maar oakyd#olische elementen een plaats krijgen.
In de derde fase worden de ‘iconic symbol signgrgikt op syntactische manier, wat
betekent dat de tekensystemen gebruikt kunnen wdnjl@et vergelijken, beschrijven,
concluderen, enz.. Er wordt uiteindelijke een eiggpresentationeel systeem geéxpliciteerd
en gebruikt, maar dit is nog niet volledig uitgekailiseerd. In de vierde fase evolueert men
naar een semantisch gebruik van een ‘iconic syrsysiem’. Daarbij wordt er niet enkel
gebruik gemaakt van de symbolische tekens, maamiamdie vlot relateren aan andere
tekens. Uiteindelijk bereikt een lerende het bediagsniveau waarbij hij/zij ‘iconic symbol
signs’ kan gebruiken op een reflectieve en retbbagnanier. Dit laatste niveau kan enkel
bereikt worden na veel oefening.

In deze dissertatie staat de beheersing van hetlaygknde ‘iconic symbol system’ centraal
wanneer de geldigheid onderzocht wordt van de Clivdpecifieke kennisdomeinen.

Naar aanvullende ontwer prichtlijnen: activatie, training en samenwer ken
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Het ontwikkelen van multimediale leermaterialenbagis van de CTML-richtlijnen, leidt niet
automatisch tot betere leerprestaties. Daarom womdit proefschrift gezocht naar
alternatieve, aanvullende ontwerprichtlijnen z@aigvatie, trainingensamenwerken

Activatiewordt, hoewel het een nieuw element is in het CTdékelateerd onderzoek,
ook ondersteund door de CTML-theorie. Deze thegeie er vanuit dat goed ontworpen
leermaterialen de lerenden actief informatie laatwerken. In dit proefschrift wordt de vraag
gesteld of deze activatie niet explicieter naamrvooet komen in het informatieverwerkings-
proces dat aan de basis ligt van een studeerpractgatie kan benaderd worden via een
continuim dat loopt van volledige activatie tot ramtivatie. Tussen beide uiteinden is er een
scala aan graden van activatie te onderscheides.daderzoek beschikbaar dat methoden
heeft getoetst om lerenden actiever aan het wezktten; evenwel niet altijd gerelateerd aan
de CTML.

Een tweede aanvullende ontwerprichtlijn bouwt verjede theoretische basis die
naar voren is geschoven bij activitatigining. Omdat de beheersing van het onderliggende
‘iconic symbol system’ cruciaal zou zijn om leererélen in een nieuw kennisdomein te
verwerken, wordt voorgesteld om lerenden voor lestueren van de materialen éérst een
training te geven in het gebruik van het onderligige‘iconic symbol system’.

Ten derde wordt de mogelijke waarde samenwerkentkkren/collaboratie
onderzocht als een ontwerprichtlijn. Uitgaande @an de distributed cognition theory kan er
verwacht worden dat het verwerken van informatikeefmaterialen beter verloopt wanneer
de verwerking over verschillende cognitieve systenerdeeld wordt. In een collaboratieve
setting kunnen ‘iconic symbol signs’ gezien wor@shcommunicatieve tools waardoor de
verwerking gedeeld kan gebeuren. Om deze redentwolldboratie ook in het onderzoek
opgenomen.

Centrale onder zoeksvraag en onder zoeksdesign voor de ver schillende studies

De theoretische onderbouw, kort besproken hierbevenitgebreid behandeld in het eerste
hoofdstuk, helpt de centrale onderzoeksvraag vaprbefschrift te duiden. Het hoofddoel
van het proefschrift is namelijk onderzoek naaval&iteit van de CTML-richtlijnen in
kennisdomeinen die verschillen van deze waarin ICoorspronkelijk werd ontwikkeld
en onderzocht. We focussen ons in dit proefschaifbelijk op het kennisdomein van de
sociale wetenschappen.

Aan deze centrale onderzoeksvraag worden vervolggraggeleide
onderzoeksvragen toegevoegd. De vijf onderzoekswr&gzamen aan bod in telkens een
aparte studie, gerapporteerd in de opeenvolgenofelstakken van het proefschrift. De
verschillende studies hebben een aantal gemeensahiap kenmerken. Zo wordt steeds op
dezelfde onderzoekssetting verder gebouwd en watdemderzoeken bij vergelijkbare
onderzoeksgroepen opgezet: eerstejaarsstudentEgqapsche wetenschappen, ingeschreven
voor de cursus onderwijskunde. Ook wordt telkerstesyatisch een experimenteel design
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gehanteerd, waarbij de deelnemers at random waoggiewezen aan experimentele
condities. Daarbij wordt een pretest-posttest deg&hanteerd en worden tussentijdse
metingen uitgevoerd van de ervaren cognitieve batagcognitive load). In de pretest wordt
de voorkennistest m.b.t. de nieuw te bestuderenikeetoetst. Vervolgens krijgen de
respondenten een subset van leermaterialen aaregededal dan niet op een andere manier
zijn ontworpen (CTML en/of aanvullende ontwerprighen). Na elk subset wordt een post
test afgenomen bestaande uit kennis- en toepassaygs. Zoals eerder vermeld, wordt
tussentijds ook gevraagd om de ervaren mentalstiejade scoren op een tien punten schaal.

Onder zoeksvragen en samenvatting van deresultaten

De eerste aanvullende onderzoeksvraag wordt belubimdeet onderzoek, beschreven in
hoofdstuk twee. Resulteren leermaterialen, ontwogreontwikkeld volgens de richtlijnen
van de CTML, in het kennisdomein van de socialensthappen, in betere leerresultaten
van de lerenden op kennis- en toepassingstestagere niveaus van cognitive belasting? De
focus ligt op de veralgemeenbaarheid van de e¥igsitivan de CTML-richtlijnen. Centrale
vraag was of het toevoegen van ‘iconic symbol signsuele representaties) aan
leermaterialen in het domein van de sociale weteaguoen ook resulteert in hogere scores op
kennis- en toepassingsvragen. De onderzoeksresuljaven aan dat een toepassing van de
CTML-richtlijnen niet leidt tot de verwachte posiie effecten. Dit versterkt het vermoeden
dat een en ander veroorzaakt kan zijn door eeregkige beheersing van het ‘iconic symbol
system’ dat is gebruikt bij het uitwerken van ddtimediale leermaterialen.

Terwijl in het tweede hoofdstuk de focus lag op kextinisdomein van de sociale
wetenschappen, wordt in het volgende onderzoekaadkre kennisdomeinen betrokken.
Dezelfde studenten krijgen nu leermaterialen aaodeb uit een vertrouwd en een minder
vertrouwd kennisgebied. Verschillen in de behegrsem het onderliggende
representatiesysteem zouden kunnen verklaren waartgerprestaties op posttesten hoger
zijn bij het ‘vertrouwde’ kennisdomein. In een erpeenteel onderzoek, gebaseerd op een
2*3 factorieel design, worden 286 eerstejaarsstietiead random ingedeeld over zes
condities. Voor elk kennisdomein werden drie caedibij de uitwerking van de
leermaterialen gevolgd: enkel tekst (T), tekst suele representaties (T+V) en visuele
representaties met audio (V+A). De resultaten lggdijn met de verwachtingen. Voor de
meeste subsets aan leermaterialen blijkt dat de [Crightlijnen effectiever zijn wanneer de
lerenden vertrouwd zijn met het kennisdomein.

In het derde onderzoek wordt onderzocht of hetlmegtr is om lerenden te activeren
bij het gebruik van de multimediale representatigrsyordt bij de bespreking van dit
onderzoek eeactivation guidelineggeformuleerd waarbij de hypothetische impact van
gradaties in activatie wordt onderzocht op leeldtaten en ervaren mentale belasting. De
participanten werden ad random ingedeeld tot védlsote condities waarbij ze de volgende
multimediale uitwerkingen dienden te bestuderekektekst (T), tekst en uitgewerkte visuele
representaties (T+V), tekst en half uitgewerktei®is representaties (T+PW) en tekst en het
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zelf ontwikkelen van visuele representaties (T+Dg.onderzoeksresultaten zijn vrij
consistent. Hoe meer activiatie, hoe hoger dedeattaten en hoe lager de ervaren cognitieve
belasting (cognitive load).

In een vierde onderzoek wordt aan de activatiadegime eercollaborationguideline
toegevoegd. Met andere woorden, er wordt nagekekbat samenwerken bij het bestuderen
van leermaterialen — in globo — het effect van ddC-richtlijnen en de activation guideline
versterkt. De resultaten bevestigen de resultaderhet vorige onderzoek niet. Nu blijken de
klassieke CTML richtlijnen weer te primeren; bifle leerresultaten zijn significant hoger
wanneer tekst met uitgewerkte visuele represestéiieV) worden bestudeerd. De activatie
blijkt negatief beinvioed te worden door het sawenken. Verklaringen voor deze
onverwachte effecten worden naar voren geschoven

In het vijfde en laatste onderzoek wordt nagekeKdret toevoegen van een
leerproces en oefening bij het gebruik van ‘icaymbol system’ een positief effect zou
hebben. Op theoretisch vlak kan het hypothetistiieeteran deze ‘training guideline’
onderbouwd worden. Omdat het beheersingsniveaheticonisch symbolen systeem in een
bepaald kennisdomein een cruciale rol speelt, warde literatuur benadrukt dat lerenden
hierin moeten geoefend worden. Enkel door veel@gatin met de ‘iconic symbol system’,
gebruikt in een specifiek kennisdomein, kunnenrdes vlot de kennisinhouden verwerken
en komen tot betere leerresultaten. Daarbij eveluee van een novice tot een master.
Deelnemers aan het onderzoek werden ad randomeelgkeaver verdeeld over vier
condities: enkel tekst (T), tekst en visuele repnégties (T+V), tekst en het ontwerpen van
visuele representaties (T+0), tekst en het ontwevp@ visuele presentaties na training
(T+O+T). De resultaten bevestigen de hypothesem Detraining leidt niet tot de verwachte
stijging in leereffect. Ook de impact van de aaiivg blijkt negatief beinvloed te zijn. De
activering blijkt nu niet meer te leiden tot eegrsiicant hoger leereffect en tot een
significant lagere cognitive belasting.

Het zesde en laatste hoofdstuk presenteert eemeaigediscussie over de
onderzoeksresultaten en komt tot samenvattendéustes. De resultaten van de
verschillende deelstudies bevestigen niet altijthgl@otheses. Toch menen we te kunnen
concluderen dat de richtlijnen van de Cognitievedrie van Multimedia Leren niet zomaar
te veralgemenen zijn naar andere kennisdomeinemoEt omzichtig met omgegaan worden
in de verschillende kennisdomeinen en er moet &dervraag gesteld worden of het in
bepaalde domeinen niet beter is activatie of tngiioe te voegen. Het combineren van
verschillende richtlijnen blijkt ook niet steeddéalen tot de verwachte effecten; bijv. het
combineren van activatie en training of activatiesamenwerken.

In het slothoofdstuk worden verder de beperkingamde studies besproken en
worden suggesties voor vervolgonderzoek naar vgesohoven. De beperkingen en
suggesties verwijzen naar de noodzaak om ondegoék zetten in andere settings en bij
andere participanten. Dit laatste betekent voaxabdderzoek bij meer gevorderde
deelnemers nodig, vooral gegeven het feit datamdbierzoek in deze dissertatie opgezet werd
bij novices. Een ander vervolgonderzoek kan respotash uit sterk verschillende
kennisdomeinen onderzoeken die multimediale leeanadéen uit elkaars vakgebied
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bestuderen. Dit kan helpen de impact van de beihgeran het ‘iconic symbol system’ op
een meer accurate manier te bestuderen. Vervolgooeleheeft ook baat bij het integreren
van aanvullende methodologische technieken. Kwiedftanderzoek kan helpen om in kaart
te brengen hoe lerenden feitelijk omgaan met aeratieve uitwerkingen van de
leermaterialen en/of welke leermaterialen ze vegieen/of effectief vinden. Een laatste lijn
voor vervolgonderzoek kan zich richten op individueerschillen. Individuele verschillen
kunnen een mediérend of een interactie-effect hebbdet al dan niet effectief zijn van een
bepaalde CTML- of aanvullende ontwerprichtlijn.

Na een bespreking van mogelijke implicaties vaomderzoeksresultaten, wordt het
slothoofdstuk beéindigd met een algemene conctwse de noodzaak om vervolgonderzoek
op te zetten naar het ontwerpen en ontwikkeleneemmaterialen. Er wordt aangegeven dat
voorliggend proefschrift een eerste stap kan nijhat verder toetsen van bestaande en
nieuwe ontwerprichtlijnen die kunnen leiden tot mekéectieve en efficiénte leermaterialen.
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