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MULTIMEDIA PRINCIPLES AND ITS USAGE
IN GEOMETRY TEACHING

Abstract. Nowadays multimedia offers exciting possibilities both for learners and teachers. To get the
educational benefits of new educational technologies such as multimedia learning tools it is important to study
principles of multimedia learning and to use them for designing multimedia instructional messages. The purpose of
this article is to acquaint the reader with principles of multimedia learning which has been popularized by an
American educational psychologist Richard E. Mayer. An idea of that principles is organization of sound, text and
images on the screen. There are some examples of mistakes that geometry teachers can make on their multimedia
lessons in the article and it shows how they can be corrected. It may be useful for geometry teachers to make their
multimedia presentations more effective. Each principle of multimedia learning for designing presentations for
geometry lessons is subject to further resecarch. All beliefs about benefits of multimedia must be supported by
research.
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Gauss stated«Mathematics is a science for the eyes, not for the ears»[1], so it’s important to prove that
multimedia learning has its own place in teaching of mathematics. One of the major questions of
pedagogy is improving the quality of education by using the multimedia learning tools.Also, the teachers’
main duty in the teaching process is to teach students to searching, processing, understanding and using
new information by themselves [2], even in this case the multimedia learning tools can be
very useful.

There is an interesting question whether principles of multimedia learning are universal, which means
they can be used for any subject (there is no matter if it is math or history). What if they are not universal
and the multimedia principles must be adapted for a certain subject? For instance, would the ratio of
animated pictures and narration on multimedia lessons for literature be the same also for math? In order to
answer such questions we have to analyze scientific researches and to make a conclusion.

First of all we need to define what multimedia learning tools are. Mass communication media such as
books, TV, radio, papers also can be used as instructional media in learning process. Most of researchers
have argued that multimedia learning tools could be defined as a mix of various mass media.Especially
multimedia learning tools are good for delivering visual and aural information to learners.

Richard E. Mayer and other researchers developed the cognitive theory of multimedia learning.
According to their research, people learn more deeply from words and pictures than words alone, this
statement is known as the multimedia principle and it is one of 14 principles that were defined by Mayer
[3]. Researchers of multimedia learning consider multimedia as a connection of text and pictures. They
assert that multimedia learning takes place when learners build mental representations from these words
and pictures [4]. Words can be written or they can be spoken, visual information can be represented as
pictures. The goals of researchers of multimedia learning is to define the best ways for combining words
and pictures to make learning process more effective.

The cognitive theory of multimedia learning, introducing by Mayer, is based on such several
cognitive theories as Baddeley’s model of working memory[5], Paivio’s dual coding theory[6], Sweller’s
cognitive load theory[7], Wittrock’s generative theory[8].
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The cognitive theory of multimedia learning can be considered as a model which is consisted of
sensory memory, working memory, and long-term memory. According to this model, the students in
multimedia learning engage in three cognitive processes like selecting, organizingand integrating.In the
firs process, working memory selects verbal and visual information from sensory memory. In the second
process, selected words and sounds converted to pictorial model and verbal model. In the third process
students build connection between corresponding parts of the verbal model and the visual model, also with
prior knowledge. Figure 1 is a representation of how memory works according to Mayer’s cognitive
theory of multimedia learning.
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Figurel - Mayer’s Cognitive Theory of Multimedia [.eaming

Mayer introduces the nextbasic principles for designing effective multimedia presentation that will
help people learn more deeply:

e Coherence Principle —deeper learning happens when extraneousmaterial is excluded rather than
included.

e Signaling Principle —people learn better when important information on the presentation is
highlighted.

e Redundancy Principle — people learn deeper from images with narration than from imageswith
both narration and printed text.

e Spatial Contiguity Principle —deeper learning happens when corresponding words and pictures are
presented near rather than far from each other on the page or screen|9].

e Temporal Contiguity Principle —deeper learning occurs when corresponding words and pictures
are presented simultaneously rather than in successively.

e Segmenting Principal — People leamn better when a multimedia lesson is presented in learner-paced
segments rather than as a continuous unit.

e Pre-training Principle - People learn more deeply from a multimedia message when they receive
pre-training in the names and characteristics of key components.

e Modality Principle - People learn better from graphics and narration than from graphics and
printed text.

e Multimedia Principle - People leam better from words and pictures than from words alone.

e Personalization Principle - People leam better from a multimedia presentation when the words are
in conversational style rather than in formal style.

e Voice Principle - People learn better when the words in a multimedia message are spoken by a
friendly human voice rather than a machine voice.

e Image Principle - People do not necessarily learn more deeply from a multimedia presentation
when the speaker's image is on the screen rather than not on the screen.

e Individual Differences Principle: Design effects are stronger for low-knowledge learners than for
high-knowledge learners.

e Interactivity Principle: Deeper leaming happens when leamers can control the presentation rate
than when they cannot.

We are going to show how we don’t have to design presentation for geometry lessons based on
Mayer’s principles.
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Cartesian coordinate system
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Figure 2 -Example, Contradiction to Signaling Principle

The slide on figure2 contradicts to Signaling Principle, because most important information is not
highlighted. It would be better if the formulas were framed and corresponding words “length” and
“midpoint” were highlighted. For highlighting it can be used bold text, arrows, circling, voice emphasizing
and etc. Highlighting helps learners to pay extra attention to the relevant information.

We usually can see slides like on figure 3 in geometry classes|[10].

Equation of a plane:

Intercept Equation of a plane:

c If coordinates of points of intersection of the plane
with x, y and z axes are (a, 0. 0), (0. b, 0) and (0, 0, c)
respectively, then the equation of plane in the
intercept form is:

I~
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where a0, b#0, c0.

Figure 3 - Example, Contradiction to Modality Principle

If a teacher reads the text from the slide on figure 3 it will contradict to Redundancy Principle.
According to this principle, if there isa text and images on the screen the teacher does not have to read the
text from the screen. However, even if the teacher does not read thetext form this slide it is also in
contradiction with Modality Principle. In accordance with Modality Principle, it is better to use narration
for explaining graphical information instead of using a printed texton the screen|[11].

There is the same information on figures 4 and 5, but they have different organization of that
information. The slide on figure 4 contradicts to Spatial Contiguity Principle.
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Figure 4 - Example, Spatial Contiguity Principle is not used
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Figure 5 - Example, Spatial Contiguity Principle is used

In the example on figure 4, learners have to mentally make connections between corresponding
words (letters) and objects (axis of the ellipse), so that when Spatial Contiguity Principle does not work,it
is a bit difficult for learners to comprehend the message on the screen.

Temporal Contiguity Principle similar to Spatial Contiguity Principle. Spatial Contiguity Principle
mainly concerned with the distance or spatial gaps but Temporal Contiguity Principle concerns with
timing or temporal gaps. For instance, if we say “let’s a be length of the semi-major axis of an ellipse”
then at the same time we need to show it on the screen.

We show examples for some principles and some mistakes which we can make when we design
slides for our lectures. It is not right to use multimedia leaming tools like a paper. The multimedia learning
tools have own advantages to use them we need to further test this principles for geometry.

In the conclusion we would like to give the quote. The President of the Republic of Kazakhstan N.A.
Nazarbayev said: “It is important to continue work on developing digital educational resources,
connecting to broadband Internet and equipping our schools with video facilities.It is necessary
to strengthen the quality of teaching mathematical and natural sciences at all levels of education”
[12]. The multimedia learning tools as a part of digital educational resources can be useful to achieve these
goals. That is why we need study principles of multimedia learning deeply.
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MYJIbLTAMEJTHASLTEIK OKBITY IBIH KAFAIAJIAPEI
YKOHE OJIAPJBIH TEOMETPHSTHLI OKBITYIA KOJJAHBLTYBI

AnHoTtanmust. ByTiHTi TaHAa MyJIbTUMEAMS OLTIM any[IbLIAp MEH OKBITYIBLIAPFA TAHKAIAPIBIK MYMKIHIIKTED
YCBIHYTa. MyIBbTHUMEIMSIBIK OKBITY Kypaymapbl CEKilai 3aMaHayd OumM Oepy TEXHOJOTHSUIAPHIHBIH OKBITYAA
maiigacel 00y YINIH MYyJIbTHMCAMSIIBIK OKBITYIBIH KAFMJANAPBIH SKOHE ONApAbl MYITHMEIWSUIBIK OKBITY
xabapraManapeIH KacayFa KogaHa OuTy Kepek. Makama MakcaTsl — OKBIPMAHIBI AMCPHKAHBIK cHx010T Pruap E.
Metiep >kacaraH MyJIbTHMEANS KaFHAAIAPBIMEH TAHBICTHIPY. O KaFHMIAIapabIH HETi3r1 OBl SKpAHJAFbI ABIOBICTHIH,
MOTIHHIH >K0HC OCHHENepAiH THiMAl YiUteCciMiH aHBIKTay Oombim TaObutambl. COHmANH-aK, MYITBTHMCIHITBIK
cabakrapia TeoMETpHsl IIOHIHIH OKBITYIIBUIAPHI KACAHTHIH KAaTEIEPre MBICANIAp KENTIPUITCH JKOHE OJIApIbl TY3ETY
JKOJIIApBI KepceTinreH. by karmaanap reoMeTpus MOHACPIHIH OKBITY IIANBIPHIHA MY IbTHMEIWSUIBIK CA0AKTaPbIHBIH
THIMIUTITIH apTTBIPYFa CENTITIH THTI3E anagsl. MyIbTHMEIVSUIBIK OKBITYABIH SpOip KaFmaachl TEOMETPHS
ca0aKTapBIHBIH AICHIHIA MPH3CHTAIMAIAD KAcay YIIIH JKCTC 3¢PTTCY Al Tamam ereai. My IbTHMEAHSIBIK OKBITY ABIH
apTHIKIIBUTBITAPBI TYPAJbl KO3KAPACTAP HAKTHI IOHTE KATHICTHL, COHBIH INNHAC TEOMETPHS YVINIH A€ FBHUIBIMH
3¢PTTCYICPMEH HETI3ACTIY1 THICTI.

Tyiiin ce3aepi: KOTHUTHBTIK TEOPHS, MYIbTHMCIISUIBIK OKBITY, MYJbTHMEIMSUIBIK OKBITYIBIH KYpaJTapsl,
Karuaanap, TeOMeTprs cadaKTaphl, BU3YAIIbI aKIMapaT, IbIOBICTHI aKIAPaT, TAHIAY, YHBIMAACTHIPY, OAiIaHBICTBIPY.
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MPUHIUIBI MYJTbTAMEJIAMHOIO OBYUEHHUA
W UX IPUMEHEHME ITPH OBYYEHUU 'EOMETPUH

AnnoTtamusi. B HacrosAmiee BpeMs MyIbTHMEIHA MPETOCTABILIET OONBIIME BO3MOXKHOCTH KAaK I YUAIHXCSL,
TaK W I mpemogaBareiici. UToObl MOMyUHTh MAKCHMAJIBHYIO IIOJIB3Y OT HOBBIX OOpA30BATEJIBHBIX TEXHOJIOTHH,
TaKUX KaK MYyJbTHMCIHHHBIC CPEICTBA OOYUCHUS, BAXKHO 3HATH NMPHUHIMII My JIBTHMEIUITHOTO OOYUCHHS H YMETh
HCTOIH30BaTh MX NMPH CO3TAHHH MYJIBTHMCIHHHBIX YUCOHBIX Mpe3cHTanuil. Llems 3TOH CTaThH - MO3HAKOMHTH
YUTATETS C MPUHIUIMAMH MYJIBTHMEIUIHOTO OOYUCHIUS, KOTOPBIC OBLIH MPEAIOXKECHB AMEPHKAHCKUM TMICHXOJIOTOM
Pruapaom 3. Maiiepom. Mmes 3THX NPHHOHIOB 3aKIIOYACTCS B COUCTAHHH 3BYKA, TCKCTA H M300pAKCHHH HA
JkpaHe. B craree mpmBOIATCA TpPHUMEPHl OMMOOK, KOTOPHIC YUHTEJSI ICOMETPHH MOTYT [JOMyCKaTh Ha
MYJbTUMEIWHBIX YPOKAX, a TAKKC YKA3aHbBI MyTH WX HCIPABICHUS. JTH NPHHIMIBI MOTYT OBITh MOJE3HBI I
VUHTENICH TCOMETPHH, YTOOBI CICIATh UX MYJIbTHMEIUHHbIC Ipe3cHTannH 007ee 3 hekTHuBHBIME. KayKabIid PHHITHUIT
MyJbTUMEAUHHOTO OOYUCHHS Al Pa3pabOTKU IPE3CHTAIMH,0THOCHTEIBHO IIPEIMETAa TEOMETPHS, SBILICTCA
MPEAMETOM JANBHEHINETO HCCICAOBAHU.

Kimo1ueBbie CI0BAa:KOTHUTHBHAS TCOPHS, MYJIbTHMCAMHHOC OOYUCHHWE, MYJIbTHMCIAWHHbBIC ITPHHIHIIBI
OOyUCHHUS, MYJbTHMCIUHHBIC CPEACTBA OOVUCHHS, YPOKH TCOMETPHH, BHU3yalbHad HH(POPMAIWS, 3BYKOBas
nHpOpManmsI, 0TOOP, OPTAHN3ALNS, HHTCTPALHL.
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