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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 research. All beliefs about benefits of multimedia must be supported by
research.

Keywords: cognitive theory, multimedia learning, multimedia principles, multimedia learning tools,
geometrylessons, visual information, aural information, selecting, organizing , integrating.

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.

Multimedia Sensory . Long-term
presentation memory Working memory memory
)
selecting organigin Verbal
Words Ears Sounds i
words wortls model ntegrating Prior
l ? / knowledge
. selecting organizing ,, Pictorial
Pictures [ Eyes images Images imagés model
. J

Figurel - Mayer’s Cognitive Theory of Multimedia Learning

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 learn 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 learn better from words and pictures than from words alone.

e Personalization Principle - People learn 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 learning happens when learners 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.

— 70 —



ISSN 2224-5227 1.2019

Cartesian coordinate system

Ay vi: 20 and A5(xq; yo: 27) points with Cartesian coordinates;

The length of line segment 414, is calculated:

= Jog )+ (- 1)+ - 2)

A4,

If Ox, v, £) 18 a midpoint of 41.4; then its coordinates:

X+ ¥t zZ, +z,
= : :_L,: 2=

2 2 2

x

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:

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:

|

where @20, b0, c£0.

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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Curves of second order
Ellipse

-
{|0A1|=|0A2|=a
|oB |=|0B,|=b

Az x y
o e —+—=1

Figure 4 - Example, Spatial Contiguity Principle is not used

Curves of second order
Ellipse

b x2 y2

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 learning 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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YK323.3
A.M. MybapakoB, b.K.Ataes, A.JK. KapsimcakoBa

MYJbTAMEJIUSIIBIK OKBITY IBIH KAFAIAJIAPHI
’KOHE OJIAPIbIH TEOMETPHUSIHBI OKBITYJA KOJIIAHBLTYBI

AHHOTanus. ByriHTi TaHma MyJIbTUMENUs OUTIM adylIbUIap MEH OKBITYIIbLUIApFa TaHKAJIAPIBIK MYMKIHIIKTED
YChIHYa. MyJNBTUMEIUSIIBIK OKBITY KYpalgaphl CEKULAI 3aMaHayw OuTiM Oepy TEeXHOJOTHSUIAPBIHBIH OKBITYIA
naiigacel 0Oy YIIH MyJBTHMEAUSUIBIK OKBITY/IBIH KaFMIAIapblH JKOHE ONIApAbl MYITHMEIUSUIBIK OKBITY
xabapriamanapbiH jkacayra KojjaHa oiny kepek. Makana MakcaTbl — OKbIPMaH (bl aMePHUKaH/IBIK 11cuxoiior Puyap E.
Meiiep »xacaraH MyJIbTHMEIUS] KaFUAaIapbiMeH TaHbICTBIPY. Ol KaFuaanapIblH HETi3ri Oibl 9KpaHIarbl AbIOBICTHIH,
MOTIHHIH JKOHe OeliHenepaiH THIMAI YiiieciMiH aHbIKTay Oonbin TaObuiansl. CoHIai-aK, MYJIbTUMEIHUSIIBIK
cabakTap/ia reoMeTpusi TIOHIHIH OKBITYIIbUIAPHI KACANTBIH KaTeliepre MbIcajiap KEJTIPUITeH jKOHE OJIapibl TY3eTy
KOJIJIApbl KepceTiireH. by karumanap reoMeTpus MOHAEPIHIH OKBITYIIAIBIPHIHA MYJIBTUMEIUSIIBIK Ca0aKTapbIHbIH
THIMAUIITIH apTThIpyFa CENTIriH THri3e anaabl. MyJbTUMEIUSUIBIK OKBITYIIBIH OpOip KaruIachl TEOMETPHS
cabaKTapbIHBIH asChIHA MPU3CHTAIMIIAD Kacay YIIiH JKeTe 3epTTeyAl Tajan eredi. MyIbTUMEIUsIIBIK OKBITYIBIH
aPTHIKIIBUIBITAPEl TYpalibl KO3KapacTap HAKThl MOHIe KAThICThI, COHBIH IIIIHIE TEOMETPHUS YVIINH ¢ FhUIBIMU
3epTTeyJIepMEH HEeTi3/Ieyi THICTI.

Ty#iiH ce3mepi: KOTHUTHBTIK TEOPUS, MYJIbTHMEIISUIBIK OKBITY, MYJIbTHMEIHMSIIBIK OKBITYIBIH KYpalIapsbl,
KaFuanap, TeOMeTpus cabaKTaphl, BU3YyallJbl aKnapaT, ABIOBICTHI aKIapaT, TaHAay, YUBIMIACTEIPY, OalIaHBICTHIPY.

A.M. My6apakos', B.K. Ataes’, A.JK. Kaprimcakopa®

'"EBpazuiickuii HanmoHabHbI yHuBepcuTeT uMenn JI.H. I'ymunena,r. Acrana, Pecriy6nuka Kasaxcran;
ZKOKIHeTayCKHﬁ rocyaapcTBeHHbIil yHuBepcuteT uMenu 11, YanuxanoBa, kadeapa Gpusznku u MaTeMaTHKH,
€CTeCTBEHHBIX HayK, T. Kokieray, Pecriybnnka Kazaxcran

NPAHIANBI MYJbTUMEJIUIAHOIO OBYYEHUSA
N NX NIPUMEHEHHUE ITP1 OBYYEHUU T'EOMETPUHA

AnHoTanus. B HacTosmee BpeMss MyJIbTUMEIUA TIPEIOCTABIACT OOJBIIHE BOSMOXKHOCTU KaK LTS YYAIIXCH,
Tak W Ui mpenojasareneid. UToObI MOMYYNTh MAaKCHMAaJbHYIO ITIOJIB3Y OT HOBBIX 00pa30BAaTEIBHBIX TEXHOJOTHH,
TaKAX KaK MYJIbTHUMEIUHHBIE CpeACTBAa O0yUYeHHs, BA)KHO 3HATH MPHUHIUITEI MYJIBTUMEINHHOTO OOyUYeHHUS U YMETh
UCIIOJIb30BaTh MX MPH CO3JAaHHHM MYJbTHMEIUIHBIX y4eOHbIX mpe3eHTauuid. Llenb 3TOH cTaThM - MO3HAKOMHTH
YUTaTeNs ¢ MPUHIUIIAMH MYJIBTHUMEAUHHOTO 00yUeHHs, KOTOpBIe OBUINM MPEUIOKEHBI aMEPUKAHCKUM IICHX0JIOTOM
Pugapmom O. Maitepom. Maest 3THX NPHUHIUIOB 3aKIIOYacTCd B COYETAHWH 3BYKa, TEKCTa W HM300pakeHUil Ha
sKpaHe. B crarbe mnpuBOIATCS TpPUMEPHl OIMIMOOK, KOTOPbIE Yy4YHTENs TE€OMETPHM MOTYT JIONyCKaTh Ha
MYJbTUMCIUHBIX YPOKaX, a TAaKKE€ YKadaHbl IIYTH HX HCIPABJICHUS. Ot MPUHIHUIIBI MOTYT 6I)ITI) II0JIE3HbI AJIA
yuuTenel reoMeTpuu, 4To0bl ClIeNaTh UX MyJIbTUMEIUIHBIC TPe3eHTalun Ooliee S PeKTUBHBIMH. Kaxkiplii mpuHIHIT
MYJIBTUMEIMHHOTO OOy4YeHUs! sl Pa3pabOTKH MPE3eHTAlMU,0THOCUTEIBHO IIpeIMeTa TI'eOMETpHUs, SBIISETCS
IpEeIMETOM JAJIbHEHUINEro UCCIIEA0BaHMUS.

KiarouyeBble CJI0BA:KOTHUTUBHAS TEOPHS, MYJIbTUMEIUAHOC OOydYCHHE, MYJIbTHMEIWMHBIC IPUHIIUAIIBI
oOyueHMsI, MyJIbTUMEIUNHBIE CpelncTBa OOydYeHHS, YPOKH TEOMETPWH, BH3yalbHas HWHPOPMALHSA, 3BYKOBas
nHpOpManus, 0TOOp, OpraHU3aLHsl, HHTETPALIUS.
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