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Abstract: This study aims to present a literature review bree¢ principles of multimedia learning
including split attention, modality, and redundareffects with regard to their contribution to cdiye
load theory. According to cognitive load theoryfoimmation should be presented by considering exoess
load on working memory. The first principle statbat attending to two distinct sources of inforroati
may impose a high cognitive load, and this progéeseferred to as the split-attention effect (Kajsw
Chandler & Sweller, 1991, 1992). The second prirgiModality effect claims that on-screen text sdoul
be presented in an auditory form instead of visuatien designing a multimedia environment (Moreno &
Mayer, 1999). Using more than one sensory mode antgmforceful working memory that produces
progressive effects on learning. The third prireidundancy effect occurs when information present
repeatedly interferes with learning. This studyvidles guidance how to create more effective insioac
with multimedia materials for instructional designe
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Ozet: Multimedya ile @renmeilkelerinin Incelenmesi: Bigem, sfilik, Dikkat Boliinmesi EtkileriBu
calisma Uc¢ temel multimedya tasarim prensibinin, dikkeéiinmesi (split-attention), bicem etkisi
(modality effect) ve arlik etkisi (redundancy effect), b§iel yuk teorisine katkisi Uzerine bir literatir
taramas! sunmayi hedeflemektedir. 881 yik teorisine gore (cognitive load theory), bilgalsan
bellekteki (working memory)sari yilklenmeyi goz éniinde bulundurularak sunulmalilk prensibimiz,
dikkat bélinmesi, bilgi birden fazla kaynaktan uzayolarak bglantili bir bicimde sunulmaginda ortaya
cikmaktadir (Kalyuga, Chadler, & Sweller, 1998inci prensibimiz, bicem etkisi, coklu ortam tasar
yaparken, ekranda yazinin goérsel olarak sunulmaming kitsel olarak sunulmasi gergkii
savunmaktadir (Moreno & Mayer, 1999). Birden faziyusal kanal kullanimi ¢ghn bellekteki etkiyi
arttitmaktadir. Ugtincii prensibimizialik etkisi, bilgi asiri halde sunuldgunda @renmeyi olumsuz yénde
etkileyerek agia cikmaktadir. Bu ¢almada bir dgretim tasarimcisinin multimedigrghme ortamlarini
daha etkili tasarlayabilmeleri icin bir rehber simaktadir.

Anahtar Sozcikler:“Dikkat boélinmesi”, “bicem etkisi”, “arilik etkisi”, “Bili ssel yik teorisi”,
“cokluortamla Erenme”

Introduction

Educational technology materials have often fatledupport learning activities of the new technglog
intervention (Cuban, 1986). Multimedia learning Ifobave also shown ineffective implementation in
terms of their efficiency on educational valuegliany other educational technology materials desig
without any guidance. Hooper and Reinartz (200&jindd the multimedia as,Multimedia is a
combination of two or more media into a single cehé messagé.and “Multimedia refers to software
that contains combination of text, graphics, animmt video or other audigp.308).” Several problems
emerged with multimedia use in learning, for thegison, theorists and practitioners have questitiresd
educational value (Hooper & Reinartz, 2002). Acamgdo Mayer and Moreno (1998), one way to avoid
such claims regarding new educational technologiash as multimedia learning environments, involves
the effective use of instructional technology wihidance of a research-based theory to follow the
students’ progress.

The flexibility and interactivity of the element$ the multimedia may cause confusion and increase
cognitive load in learners’ mind. Multimedia leargitheory claims that information should be presént
to learners in multi-mode, including words, picsreand audio, in order to enhance learning (Mayer,
1997). Therefore, multimedia design learning ppies need to be considered when designing insbructi
that would use such technologies. This study aitoegvise three multimedia design principles, thit s
attention, modality effect, and redundancy effetihese three multimedia design principals will be
explained in light of the background of cognitieadl theory. The research method consisted of rawipw
articles on the effects of multimedia, particulatihe split attention, modality, and redundancy cffef
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multimedia learning principles theory, on performarf the learners. The researcher searchedutiest
articles published between the period 1991-2018gugVeb of science, ERIC, and PsycINFO databases

specifying the keywords such as “split-attentidimodality effect”, “redundancy effect”, “cognitiviead
theory”, and “multimedia design principles.”

Cognitive Load Theory

Human cognitive architecture consists of workingmwoey and long-term memory. People have difficulty
keeping information, which contains more than segkanks of elements because working memory is
limited (Miller, 1965 cited in Garner, 2002). Addmally, working memory can keep the information
active for a few seconds under conditions whereagdal is limited (Peterson & Peterson, 1959 dited
Pociask & Morrison, 2004). Working memory limitat® affect learning and when information exceeds
the working memory capacity, cognitive load incesasignificantly (Sweller, 1993 cited in Yeung, Lee
Pena, & Ryde, 2000). For that reason, researchmengaiious fields look for parallel processing of
information necessary to reduce cognitive loadedacation, cognitive load is one of the importatdrs
that needs to be considered when designing ingiru¢teung, Lee, Pena, & Ryde, 2000).

Cognitive load theory is concerned with instrucibdesign and message design methods, which
enable individuals to manage the limited processaygbilities of working memory and capitalize be t
extensive capabilities of long-term memory by tgyilo promote schema formation and improve
intellectual learning and performance of complexrotive tasks (Sweller, 1988 cited in Pociask &
Morrison, 2004). Moreover, Cooper (1998) definegritive load (CL) as the “total amount of mental
energy imposed on working memory at an instancdirme” (p. 10). According to Sweller, van
Merrienboer, and Paas (1998), this “total” cogmitivad has three subcomponents, intrinsic cogriitise
(ICL), extraneous cognitive load (ECL), and germeaognitive load (GCL).

Intrinsic cognitive load refers to complexity ofetlinformation to be processed by the learners’ imgrk
memory (Sweller & Chadler, 1994). Mental demandasks determines the intrinsic cognitive load. It
should be noted that a heavy intrinsic cognitiv@dlocomprises tasks with a high degree of intanfgti
(Garner, 2002). According to the literature, IClpparts indirect manipulation of intrinsic cognitilead

by incorporating, sequencing, and layering straggnto the instructional design process and legrni
tasks (Pollock, Chandler, & Sweller, 2002).

Extraneous cognitive load is affected by the desifgthe information process. Extraneous cognitive
load affects learning negatively because it relatiesctly to holding the information in mind when
searching the connection between text and pictiesiask and Morrison (2004) stated, “High ECL
equates to a reduction in working memory resouas@dable for learning, while low ECL equates to an
increase in working memory resources available Iéarning” (p.707). Learners need to hold verbal
information in their minds while searching relevaidtorial information, when the learning materiate
presented in split-source format. This process it @ttention leads to extraneous cognitive load
(Cierniak, Scheiter & Gerjets, 2009).

Germane cognitive load “Germane cognitive load Ieaal imposed by cognitive processes directly
relevant to learning” (van Merrienboer, Schuurm#as Croock, & Paas, 2002, p.12). Garner (2002) cétate
that in an instructional design, if extraneous étigm design is kept to a minimum and the intrinsic
cognitive load is too high, there may be an unwgerking memory available; therefore, using appratgri
instructional design, learners can use germaneitbagioad to help in the construction of schemiata
particular domain of interest.

Deleeuw and Mayer (2008) focused on measuring tggrioad, which is a fundamental challenge in
cognitive load theory. They designed experimentnmaling to the three kinds of cognitive processes,
intrinsic, germane, and extraneous, which can it to the cognitive load. These processes imvolv
mental work, which is irrelevant to the learningaand consequently wastes limited mental resources
intrinsic processes, which involve complexity ofteréal, and germane or generative processes, which
involve engaging in deep cognitive processing eelab the prior knowledge. In this study, the p#vtnts
learned low domain knowledge from a multimedia d&sen electric motors. Participants’ cognitive load
was measured using self-report scales (mentaltefftings) and response time to a secondary visual
monitoring task. A difficulty rating scale was coleijed at the end of the lesson. The results regdale
correlations among the three measures. The reshtiged that the response time measure was most
sensitive to manipulations of extraneous processiegted by adding redundant text. Effort ratingsev
most sensitive to manipulations of intrinsic pragieg created by sentence complexity. Finally, cliffy
ratings were most sensitive to indications of gerenprocessing reflected in transfer test performaAs
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an important practical implication, researchers lietp that when the goal is to assess the level of
extraneous cognitive load, response time to a sklrgriask appears to be most appropriate.

Factors that should be considered when designistguiction include the principles of multimedia
learning. Although there are many multimedia deggnciples, in this paper, the researcher presants
research-based review of split attention, modabitygd redundancy effects of multimedia design. This
study reviews research on split attention, modadihd redundancy effects. These three effectselated
studies will be explained in the following the marEirst, the next part will explain the split atien on
multimedia learning. Split-attention effect can eeplained when students must split their attention
between multiple sources of information, which tessim a heavy cognitive load.

Split Attention

Attending to two distinct sources of information ynianpose a high cognitive load, and this process is
referred to as the split-attention effect (ChandeBweller, 1991, 1992, Owens & Sweller, 2008).iSpl
attention effect relates to instructional desiggues and is observed when texts and pictures pséidlly
separated rather than spatially integrated in enieg material (Owens & Sweller, 2008). In a study,
Florax and Ploetzner (2010) compared learning fepatially presented text and picture integratech&ir
using text segmentation and picture labeling. Tagigpants who received spatially integrated tmxd
picture were more successful compared to partitipamo received continuous text (not in bullets or
numbered text format) and unlabeled picture. Tisalte also showed that the participants who redeive
the segmented text and the labeled picture were suecessful than those who received continuous tex
and unlabeled picture group.

Young, Jin, and Sweller (1997) gave an examplelif attention, showing that when a student reads
a story and encounters an unfamiliar word, givese@arate glossary, the student leaves the textuamsl
to the vocabulary list. Learner temporarily stossmeaning and then reverts to the text and toes
incorporate the word meaning into the passage. @ be an example of split attention. This effect
occurs when learners must integrate and split thgention between multiple sources of information
mentally. According to researchers, this has béews to be a primary problem with some instructiona
designs (Chandler & Sweller, 1991, 1992; SwellercC&andler, 1994; Sweller, Chandler, Tierney, &
Cooper, 1990; Ward & Sweller, 1990).

Liu, Lin, Tsai, and Paas (2012) investigated sgfiention and redundancy effect on mobile learning
in physical environment. They created three legrmionditions, including text with pictures embedded
the mobile device, text embedded in the mobile aewnd real learning object, and text and pictures
embedded in the mobile device and real object. fBsearchers hypothesized that because of the split
attention effect with various sources of informatitearners exposed to intervention with text aictlipe
presented on Tablet PC would show higher comprétreperformance and learning efficiency compared
to learners exposed to intervention with text pnésg on Tablet PC and learning object. Howeveth@
study, the results showed that the distance betiveersources of information, including information
Tablet PC and the learning object outside of théilealevice, did not concern learners’ comprehensio
and learning efficiency.

The results of the studies done by Tarmizi and Bw¢l988) and Ward and Sweller (1990) are
congruent with the cognitive load hypothesis. Tésults of their studies showed that worked examples
which require learners to split their attentionvien multiple sources of information, were not more
effective compared to problem solving and may dweriess effective. The researchers hypothesizéd tha
worked examples, which may reduce or eliminate sffiention, may be effective because of redudtion
cognitive load, since through this process, leardo not search for relevant referents but mentally
integrate worked example. For example, mental matégn is no longer necessary by physically
integrating geometry statements with the diagram.otder to enhance learning, the cognitive load
involved in mental integration should be elimina(€thandler & Sweller, 1991).

Modality effect

Modality effect is related to the cognitive loagdhny, which has limited capacity for multimediari@ag
(Mayer, 2001). Modality effect claims that learnwgl be enhanced if textual information is preszhin

an auditory rather than the usual visual formathsas visually based information in the form ofietyre,
graph, or animation, for instance. Generally, mitglaffect asserts that on-screen text should begmted

in an auditory form instead of visually when designa multimedia environment (Moreno & Mayer,
1999). Modality has been defined using differentspectives. First, according to Paivio’s dual cgdin
theory (Paivio, 1988), human memory has differarisystems when processing verbal and non-verbal
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information. Learners will remember informationsbevhen text and picture enter working memory
simultaneously. Therefore, Pavilio suggested areetel link that could lead to a richer memorycea
Presenting text and picture in different modalitieshe best way to put both of them in the working
memory simultaneously. This means that the modafifgct is the effect of an optimum combination of
information-elements while preventing split-attenti An alternative view follows that modality eftec
occurs when information is presented in a visua anditory mixed mode. This effect claims that gsin
mixed mode is more effective than using a singlelenwhen presenting the same information. The lbgica
relation between the two modes is crucial. If the sources of information are presented in isatatio
neither effect is attainable (Low & Sweller, 2005).

According to Moreno and Mayer (1999), if learneesf words in their auditory working memory
and keep pictures in their visual working memohgrt the learners can spend their attention mostthe
construction of the relationships between verbdlasual materials. It can be said that spendiagiers’
attention on construction of this relationship nmeasing working memory effectively. Therefore, gsin
working memory effectively prevents extrinsic cdgr load capacity.

Mousavi, Low, and Sweller (1995) investigated tBe of auditory and visual mode of presentation in
terms of geometry worked examples. The researclkrlineld the split-attention effect and the effett o
presentation modality on working memory. The satiention effect increases a heavy cognitive |3duis
effect occurs because students split their attertietween multiple sources of information. In aiddit
regarding presentation-modality effects, Mousaviaktsuggested that working memory has partially
independent processors for handling visual andt@ydmaterial. They conducted six experiments & te
the effect of split attention and modality effecibey hypothesized that effective working memoryrpa
increased by presenting material in a mixed rathan a unitary mode. Their experiments results
supported this hypothesis. Thus, the research ededIthat the negative consequences of split atteint
geometry ameliorated by presenting geometry stattsvie auditory rather than visual form.

Tindall-Ford, Chandler, and Sweller (1997) showbdlt tinstructional materials using dual-mode
presentation techniques, such as auditory text\aswuhl diagrams, were more effective than single-
modality formats, such as visual text and visualgdams. This modality effect may be attributed to a
effective use of working memory. The authors comeldichree experiments using various instructional
materials. In the study, participants who studisth@ materials that incorporated audio text andalis
diagrams or tables outperformed students who sluting a conventional, visual-only format.

Plass, Chun, Mayer, and Leutner (2003) investig#étedrole of the cognitive load in multimedia
learning. They specifically examined the effect afgnitive load on processing verbal and visual
information among learners with different cognitiabilities. The learning material was presente@rin
interactive multimedia format in the form of a shstory. The story comprised German words; some of
them were presented using different types of meltiim annotation. While verbal annotation consisted
a text translation of the word, visual annotationssisted of a photo or a short video clip. Thecfiom of
these annotations was to aid in the selectionlefaat information rather than organization or gntgion
of mental representation. Thus, students recemnednnotation, verbal annotation, visual annotatwn
both for these words. Plass et al. found that re¢alord translations was worse for low-verbal dow-
spatial ability students than for high-verbal anghkspatial ability students when they receiveduals
annotations for vocabulary words. However, studditsot differ in the recall of word translationden
they received verbal annotations. The visual imageotations, when presented alone, may have
introduced confusion, especially for words that evdifficult to depict visually, such as “irritatécor
“instruct”. In addition, according to their ressilttext comprehension was worst for all learnersmithney
received visual annotations. The results are ctamgisvith a generative theory of multimedia leaghand
with cognitive load theory, which assumes that imdtia learning processes are executed under the
constraints of limited working memory. Plass etaljued that the visual annotations imposed a high
cognitive load because students had to selecteflegant information from the image to understarel th
vocabulary words.

Redundancy effect

Redundancy effect suggests that redundant matanigigere with learning. These materials inclube t
same but unnecessarily elaborated information ptedein multiple forms. According to cognitive load
theory, redundant information increases working wgnoad; therefore, it affects learning negatively
Redundancy effects refer to “eliminating redundaaterial results in better performance than when th
redundant material is included” (Kalyuga, Chadl&r,Sweller, 1998). Researches presented below
investigated this principle.
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Chandler and Sweller's (1991) research study titi€dgnitive Load Theory and the Format of
Instruction” is one of the first that investigatadd supported the redundancy affect. In the stadly,
experiments were conducted to test the consequenfceplit-source and integrated information in
electrical engineering and biology instructionaltengls. The first experiment was designed to campa
conventional with integrated elementary electrinatructions. The experiment conducted in an imalst
training setting lasted for 12 weeks and the subjesmprised 28 apprenticeships. The materialsisteas
of two conventional but modified sets of introdugtanstructional notes. The results suggested that
integrated instructional formats are superior tovemtional split-source format. The purpose ofgbeond
experiment was to investigate the possible diffeesnbetween conventional and integrated instrustion
The period and the subjects were the same as iarlExgnt 1. The results of the experiment 2 sugdeste
that integrated instructions were less effectivenpared to split-source information in such aredwe T
results of experiments 3, 4, and 5 showed thatiritreduction of seemingly useful but unnecessary
explanatory material, such as a commentary in gra presented in an integrated format, could have
destructive effects. The results of the last expent indicated a need for physical integration hed t
materials if individual materials could not be ursieod.

Young, Jin, and Sweller (1997) investigated sptierstion and redundancy effects on reading
comprehension with explanatory notes. They condudige experiments to examine the effects of
cognitive load management using explanatory notesreading comprehension among readers with
different levels of expertise. The result of thestfiexperiment supported the superiority of expiarya
notes at high level of processing, i.e., compreioendHowever, the results did not support low level
processing, i.e., vocabulary learning using angiatted format. The results of the second expetimen
supported that vocabulary definitions integratethimia passage rather than on a separate vocabiglary
enhanced 5th graders’ comprehension while redu@ogbulary learning. The third experiment conducted
with adult readers found that an integrated forreduced comprehension while it enhanced vocabulary
learning. The efficiency of instruction dependstbe extent to which it imposes an extraneous civgnit
load. The same presentation format may facilitagefgpmance or interfere with performance through
either split-attention or redundancy effects, dejiynon learners’ expertise.

Kalyuga, Chadler, and Sweller (1999) investigateel tedundancy effect as an alternative to split
attention instructional designs. The researchepotiiesized that any increase in cognitive resources
which required participants to process split-attentmaterials, decreases the resources available fo
learning due to a limited working memory capacitf learners. The researchers conducted two
experiments. The first experiment aimed to impros@it-attention effects using computer-based
instructional material consisting of diagrams aast.t This effect was realized by increasing efiexti
working memory size by means of presenting the texan auditory form. The results showed that
auditory presentation of text was more effectivenpared to visual-only presentation. However, wien t
text was presented in both auditory and visual &ritndid not prove superior to visual-only presgion.

In that case, the visual form forced a cognitivedidhat obstructed learning. The second experiaiergd
to improve split-attention effects by using coladeg, which would reduce cognitive load by indggin
search for diagrammatic referents in the text. dthlexperiments, the results showed that alterestiv
split-attention instructional designs were effeetbecause of reductions in cognitive load.

Mayer, Heiser, and Lonn (2001) investigated theungldncy effects on multimedia learning when
presenting more material leads to less understgndiime researchers conducted four experimentb.eset
experiments, college students viewed an animatmh lstened to concurrent narration explaining the
formation of lightning. The first two experimentssassed redundancy effects and the other two cwtter
coherent effects. While in the first experimeng trarration accompanied concurrent on-screeniteitie
second experiment, narration was duplicated. Acogrtb the results, students in the second expetime
performed worse on tests of retention and trartbfam did students who received no on-screen téus T
research measured the redundancy effect, whicbrisigtent with the dual-channel theory of multinaedi
learning in which adding on-screen text can overltege visual information-processing channel. In two
studies, learning a scientific explanation fromaarated animation was compromised by the addition o
on-screen text that contained the same words #einarration. The detrimental effects of redundamt
screen text were found both when the on-screenstagtan exact copy of the corresponding narratigh a
when it was a summary with the same words as theegmonding narration. This finding reflects a
redundancy effect, which suggests that adding m@ahion-screen text to a narrated animation dstract
from multimedia learning. When presenting a multimelesson with spoken words and pictures, adding
words in the form of printed text did not improeaftning.
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Craig, Gholson, and Driscoll (2002) conducted twgeziments to explore the integration of
animated pedagogical agents into multimedia enumemts in the context of Mayer’s (2001) cognitive
theory of multimedia learning. Agent propertiesquoed no significant effects. Researchers expltred
effects of three types of materials, printed tegtoken narration, and spoken narration with thatgdi
text, to investigate the effects of redundancy im@timedia environment that included an agent. The
spoken-narration-only condition outperformed thgeottwo groups, printed text and spoken narratigh w
printed text. The results showed no differences/éen printed text and printed text with spoken at#on.
Craig et al. (2002) found a significant effect hetretention data. Students in the agent spoken onl
condition significantly outperformed those in thgeat printed-only condition. When comparing therdage
spoken-plus-printed condition with the agent speliely condition, the difference was in the direntio
predicted by the redundancy effect. A significaffée in the matching data was also found. Students
the agent spoken-only condition significantly oufpemed those in the agent spoken-plus-printed
condition. The matching data were clearly in linghworedictions made based on the redundancy effect
The presence of printed text along with spoken daiificantly interfered with performance. A sifjoant
effect in the transfer data was also found. Stuglémtthe agent spoken-only condition significantly
outperformed those in both the agent printed-omliy agent spoken-plus-printed condition. It seems
consistent with the claim made by Mayer et al. @QQvho suggested that in multimedia learning
environments, “presenting words as text and speealorse than presenting words solely as speeath” an
that this conclusion holds when a pedagogical ageaiso part of the environment (p. 187).

Mayer and Johnson (2008) hypothesized that addingcmeen labels to narrated graphics would
improve performance on tests of retention. In aolditon-screen labels would not obstruct perforreamt
tests of transfer. In the study, undergraduateestisdviewed a short multimedia PowerPoint presiemtat
Two experiments were conducted. The first aimedlgtermine the cognitive consequences of adding
short, redundant on-screen text to a multimedisolesThe second experiment was conducted to validat
the first experiment. Students were assigned tanagint and non-redundant groups. For the redundant
group, each slide also contained 2—3 printed wtirdswere identical to the words in the narratibhese
words described the main event in the narratiod,thay were placed next to the corresponding fdatteo
diagram. For the non-redundant group, on-screenwi@s not presented. The results revealed that the
redundant group had better performance comparetheonon-redundant group; however, only on a
subsequent test of retention but not on transfer.

Conclusion

In this review, the researcher introduced basieareh on the split attention, modality, and redwmagia
effects, although there are many other principlesnaltimedia learning,. Split attention is relateal
presenting multiple source of information in spétiantegrated format rather than disconnected frm
(Chandler & Sweller, 1991, 1992). Modality effectdicates that the verbal information should be
presented narratively rather than in the screenemndterms of effectiveness of multimedia learning
environment (Moreno & Mayer, 1999). Redundancydafiedicates that removing the redundant text from
the learning material is more likely to improve foemance than learning materials with redundant
information presented on the screen (Mayer, 2001).

Three types of cognitive load form the overall citiga load caused by limited capacity of working
memory. These types are intrinsic cognitive loaglated to complexity of information; extraneous
cognitive load, related to the design of the infation; and germane cognitive, related to hard task
learning process. These three types of cognitiae lare related each other and cause overall cogniti
load. Intrinsic cognitive load is the amount of theormation and extraneous cognitive load is theigh
of information causes to have more effort for wogkimemory. Therefore, extreem effort leads germane
cognitive load.

Split attention effect occurs when the designersube text and pictures separately in a learning
material. Therefore, according to the results dit afiention, the designer should use the text giotlre
mode in spatially integrated position in learningtemials. However, practically it is not always Side,
especially not if the text instructions are verglpnged. Erhel and Jamet (2006) suggested thag psip-
up windows might be helpful in these situations.déliity effect is an alternative way of strugglingttw
split attention effect. While the modality effedaiens that people learn better from a multimedissage
when the words are spoken rather than printedrgdendancy effect claims that removing rather than
including redundant material improves the outcom&he three multimedia design principles are
complementary each other, because when the desigvaart to use the materials in verbal and audio
formats, they should consider the redundancy effeetr the modality effects. Although this situation
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applies to other principles, this review prefergpecifically these two principles. The redundaatfect

has implications for the design of multimedia iostional messages. When making a multimedia
presentation consisting of a narrated animationdiss do not recommend adding on-screen text that
duplicates words that are already spoken in theatian. Redundancy effect holds for situations ol

the animated narration runs at a fast rate, ifetieno learner control of the presentation.

In practicality, teachers should consider the thmedtimedia design principles simultaneously when
they design the instruction. For example, whenaatter uses two modes multimedia materials including
audio and visual he should consider the split &tierprinciple when he wants to give extra instiarcty
himself. He needs to consider the correct timerotento wary of split students’ attention, duriret
presentation. On the other hand, the teacher cdnceestudents’ cognitive load by presenting the
information from two channels. For example, theckes can explain the graph verbally rather than
presenting the text format. The information on tiwd format cause cognitive load when the student i
searching the connection between the text and graphe other principle shows that presenting traes
information in two different channels causes stislexcessive cognitive load. Therefore, teachleosilsl
reduce the channels which present the same infammafo some up, teachers, instructional desigmer,
multimedia designer should be consider these tmada principles as well as the other multimediagtes
principles in terms of reducing the cognitive laadlearner when they design the learning enviromen

This review showed that instructional designerausthbe sensitive to limitations of learner’s wordin
memory capacity. For example, learner’s cognitapacity can be exceeded if the narrated animaties d
not contain sufficient interacting concepts tha presented too fast. Previous studies have shioain t
modality effect relates to design of narrated atiimna containing many interacting concepts. In tolalj
modality effect would be useful when using narra@imation rather than animation with onscreen text
(Mayer, 2005). Studies in this review were primashort laboratory experiments. However, futureligsi
should be conducted in more realistic educatiogtiilngs to increase the generalizability.
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Genisletilmis Ozet

Egitim teknolojileri materyalleri, hareketli resimtben bilgisayar temelli materyallere kadar yanli
uygulamalardan dolay! hayal kirigliyaratan bir gegrge sahiptir (Cuban, 1986). Edison'un "hareketli
resim gitim sistemimizde devrim nitalindedir ve birka¢ yil icinde kitaplarin yerini akddir.” aciklamasi
bu arglimana bir 6rnektir. Glinimiizde benzer glgliaidr multimedya grenme ortamlarinin potansiyel

121
Vol 8, Issue 1, April 2012



A REVIEW OF MULTIMEDIA LEARNING PRINCIPLES

icin de yapilmaktadir. Ancak, ggimde multimedya araclarin kullanimi ile ilgili géeenme guclgu
yaratacak bazi sorunlar ortaya ¢ikim Bu nedenle gtim teknolojileri teorisyenleri ve uygulayicilabu
araclar gitimsel acidan sorgulamaktadirlar (Hooper & Reing?002). Mayer ve Moreno (1998)’ya gore,
multimedya @renme ortamlari gibi yeniggim teknolojilerine iliskin bu tir sorunlari énlemek amaciyla,
argtirma temelli teorilere dayanan bir rehbere ihtiydigyulmaktadir. Bu rehber yardimiylgrétim
teknolojilerinin etkin kullaniminin grenci gelsimi takip edilerek uygulanabilmesi gereklidir. Muobedia
tasarim ilkeleri, @gretim tasarimcilarina yonelikggimsel aksakliklari ¢ozmeye yonelik vesrénmeyi
gelistirmek amach hazirlanmbir klavuzdur.

Bu calsmada, multimedya tasarim ilkelerinden, dikkat béhési (split-attention), bicem etkisi
(modality effect), ve arilik ilkesi (redundancy effect) gienci performanslari Uzerine etkisini girean
calmalar incelenmektedir. Akademik gahalar 1991-2012 yillar arasinda Web of sciend¢elCE and
PsycINFO very tabanlarinda “redundancy effect”, tality effect”, “cognitive load theory”, ve
“multimedia design” anahtar soOzcikleri ile tarapmhakemli makaleleri okiurmaktadir. Birgok
multimedya @renme prensipleri olmasinagraen, bu capmada yanlizca ¢ temel prensip olan dikkat
bélinmesi, bicem etkisi vesialik etkisi ilkelerine dginilmistir.

Bilissel yik teorisine gore (cognitive load theory)gbhilcalsan bellekteki (working memory)sau
yiklenme g6z oniinde bulundurularak sunulmalidilgiBiirden fazla kaynaktan uzaysal olarakglbatili
bir bicimde sunulmaginda multimedya tasarim ilkelerinden biri olan dikkbdlinmesi, ortaya c¢ikar
(Kalyuga, Chadler, & Sweller, 1999).s&nci, uzaysal olarak BEntili olmayan kaynaklar arasindaki
baglantiy1 ararken, bilgiyi cagan bellekte tutmasi gerekir. Bgldm biligsel yike sebep olur. Bir gir
multimedya tasarim ilkesi olan bicem etkisi, muktithya tasarimi yaparken, ekranda yazinin gorsedlolar
sunulmasi yerinesitsel olarak sunulmasi geregtii savunur (Moreno & Mayer, 1999). Bu ilkeye gfre
birden fazla duyusal kanal kullanimi gain bellekteki etkiyi arttirir. Bicem etkisi bilgiygoklu ortam
materyalleri ile sunarken, kelimelerin yazili olaisunulmasi yerine sozli olarak sun@doda insanlarin
daha iyi @rendigini savunurken, arilik prensibi ayni bilgiyi sunan iki kanalin bed verilmesi yerine tek
bir tanesinin kullaniminin genmeyi olumlu yonde etkilegini savunur. Tindall-Ford, Chandler ve
Sweller (1997)sitsel metin ve goérsel diyagramlar gibi iki kanahsun teknikleri kullanilarak hazirlanan
Ogretim materyalleri, gorsel metin ve gorsel diyagiemgibi tek kanal kullanilan  gietim
materyallerinden daha etkili oldunu calgmalarinda gostergierdir. Calsmada yer alan Gcincu ilke
asirilik etkisi, bilginin sunumundasal materyal kullaniminin genmeyi engelledini savunmaktadir.
Asirilik etkisi, gerginden fazla bilgi sunumunungienmeyi olumsuz yonde etkilemesidir. Bu gereksiz
materyallerin ¢ikarilmasigienmeyi arttirir. Bir gretim tasarimcisinin multimedygm@nme ortami dizayn
ederken, bilisel yiki azaltmak vegdenmeyi daha etkili hale getirmek igin ¢oklu ortgasarim ilkelerini
g6z 6nunde bulundurmasi gerekmektedir.

Bu calgsmada belirtilen ¢ ilke, farkl kaynaklaringm@tim tasarimcilari tarafindangzamanli
kullaniimak istendiinde birbirini tamamlar 6zellik gostermektedir. Bugore, bir gretim tasarimcisinin
multimedya @renme ortami dizayn ederken, birbirini tamamlayatkisinden dolayl bu ¢ prensibi
birarada kullanmaya dikkat etmesi gerekmektedimegin bir dgretmen iki kanalin kullanilgh bir
multimedya @renme materyali ile derslerken, araya girip midahale etmek isgaalile uygun zamani
secmesi gerekmektedir. Aksi taktirdgréncide dikkat bolinmesine vegr@nmesinin olumsuz yonde
etkilenmesine sebep olabilir. Gene ayekilde, bilgi aktarimi esnasinda bilgiyi tek birrked yerine cift
kanaldan vererek gdencinin bilssel yukinin azalmasini @gayabilir. Buna oOrnek olarak, goetmen
Ogrenciye dersle ilgili olarak sunmauoldugu grafigi tanimlarken, @rencinin bu ilgkiyi kendisinin
kurmasini beklemek vyerine, so6zli olarak grafik ndamasini yaparak géencinin bilgsel yukini
azaltabilir. Bu durum bicem etkisi prensibine binék olarak gosterilebilir. Bilgiyi vermek icin loien
fazla kanal kullanan gietmen, gene bu bilgininsaulik ilkesine gore diizenlenmesi gereWifii
uygulamalidir. Ayni bilgi hem s6zli hem de yazilarak sunuldgunda @&rencide bilgsel yike sebep
olabilir. Sonug olarak bilgiyi dizayn edenlergrétmenlerin ve multimedya géetim tasarimcilarinin
multimedya tasarim ilkelerini g6z dninde bulunddamadaha etkili bir grenme ortami tasarlayabilmek
icin dnemlidir.
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