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EEL I RET T MO ISR Today, it is common to use multimedia in foreign language
teaching. There are some principles for designing multimedia that would reduce task cognitive

load. These principles are based on the cognitive load theory. The methods of cognitive load
measurement are divided into two categories, namely the subjective and objective
measurements. NASA-TLX is an example of the subjective measurements; methods such as
electroencephalography and eye-tracking are among the objective measurements. Due to the
advantages of objective measurements, using these methods is common in cognitive studies.
Eye-tracking technology can record different eye-movements of humans such as pupil dilation,
saccades, fixations, blinks and microsaccades with a high sampling rate. These measurements
are being widely used in cognitive and mental workload studies. In this paper, the cognitive
load in multimedia language learning has been evaluated, using eye-tracking data analysis.
Two multimedia versions for teaching English were produced with the same
narration and the length of 342s. In one version, the principles in designing multimedia were
applied whereas in the other version, they were violated so that more cognitive load in
comparison to the former version could be imposed. Ten subjects whose English listening
comprehension was assessed with a simulation of the International English Language Testing
System (IELTS) participated in the experiment and were randomly divided into two equal
groups of five. The two groups were homogeneous with respect to their listening proficiency.
One group watched the multimedia without principles while the other group watched the
multimedia with principles. Then, each individual answered 12 multiple choice questions about
the concepts presented in the multimedia as a performance test. During watching the
multimedia and taking the performance test, the participants’ eye movement data were
recorded. Then, each person filled out the NASA-TLX Questionnaire. Based on the results of the
performance test and the NASA-TLX, the difficulty level of the multimedia without principles as
compared to its version with principles was evaluated. The collected data were divided into
blocks of 30 seconds.
FILITEY Based on the NASA-TLX, the group who watched multimedia without principles
experienced more cognitive load in comparison to the group who watched multimedia with
principles, which approved our assumption about the higher load of the multimedia without
principles. However, no significant difference was found in the results of the performance test
between the two groups. According to statistical analyses, the pupil diameter, saccade length,
saccade velocity, blink latency, and microsaccade amplitude in the multimedia blocks of both
groups were significantly different. Nevertheless, no significant difference was found between
the two groups in terms of the fixation time, the fixation rate, and the microsaccade rate.
Based on the findings of this study, pupil dilation, saccade length, saccade velocity,
blink latency, and microsaccade amplitude have a significant relationship with the amount of
the load imposed by the instructional multimedia which corresponds to the literature review
of the study. Based on the results of this study, along with the subjective methods, eye
movement data can also be considered as an appropriate tool for assessing the cognitive load
imposed by multimedia learning and qualifying the multimedia instructional content. A
significant difference was also found between the two groups in the study in terms of their
blinking rate. More investigation and different experiments are needed for examining other
eye movement criteria that have been investigated in this study, including fixation time, fixation
rate, and microsaccade rate so that a more definitive conclusion would be reached regarding a
significant relationship between these parameters and the mental load imposed by the
multimedia English teaching.



mailto:s.hamidamiri@sru.ac.ir

S. H. Amiri et al. (ve) OlRas g (6 peo] o
NUMBER OF REFERENCES NUMBER OF FIGURES NUMBER OF TABLES
33 29 4

oLy Glabuyais oS0l jo ol by ool i b Uikl 2U )l

ol LSy < oy Spgeo ' 001 Gl L pkic " g pro] cero s ' 00/ jdede] g

Ol Ol s by et oo S ol gl ikt U0 gm0 g0 03,5
el o sty s o s Ol o el gl 5S> el L 05,5

ouuSe

Frol gl otz (b sl sl Jglate (2,1 0l Goigel o slail otz 5l eslisl o5 0 EREIREEREET)
e s b 4,k jlesal  Je—ol fpl g co (FLs b palS Coge lag] (6,8 54 a5 5,00 54
dolii p wiile (oo by, gt oe el LIS 8ly g Al lags w93 4 (L2 L s pSeslal sla )
L e SladbSems Julod wile plats; 5 9555 o0 sl @l Silogs slags peSojlail aws ;o Ll )15 )k a3l
slagby, slosliiul )5 a5 placuze S 4 oj95al i)l 15 ALl T @dly s )5 i (5> la)ld; Julow
S o ity 8 ysld sl i Jghae L lalllas ;o s 5ol g3 ol 51 ool o3,ls sszg will S ey
VL 5o iy 5 1, 5L S 5 (59505 s 5L s yo b sl i e sl 25, g e i
S Gk ol 50 e oo ooliiwl 2d b g SELE Sldllas (o 08 il O jgo 4 g pSojlail ol laas el
W85 18 bl 0590 sediz Db, sools Julo l eslanul b ()b glailujaiz (oS0 yo Sl

sl o 5 il sl VEY bty LSy il b ool o el s iz 4 9
Vo g Jlael ool by llr oy o 5 g U B ol 3 5,508 59 5 ale sl ko
3 05,5 8 gl 53 20 ) T o9niT it b T (el o 5o ol 45 5
L Jgel b sl iz 503 09,5 9 Jouol g slilnjaiz 09,8 S 0 sl 0,85 0 09,5 90 & (Bolal &)90
odaline |y by gl iz 5l adeis G 0,5y il 13 (LasSs o3h yo ol 8l den (g jlaid HUlg .o ,S conline
ofles a3l plgear slaslas jaiz )0 00l ks pealie b abail, 5o glany ;e JIes VY 40,8 52 s 5 W05
058 1B e s A3 0SS 5 08 o 5l i &S > 00l (503 5 (gl jarz snalie anTE Jsb jo ol gl
e disls )15 )b el 5 0, Slae (505l gl 5l oolial b Julss 5o ols gasly Ll (5,157 )b aslis aeli iy 4
sl Yo clacS sl 4 ous 35 glaosls o zmies el Jguol b o dy Caps Jseol (g0 (glailos iz 6 g
Jgmal Ggw glibuysiz 09,5 59, » oo Jlesl (3L )L Ll ()5 )b (el aslidiw y Slyed 4l
LD L L akaly o Lo (558 saniSanli oS Col Jouol b slailes )iz 05,5 (55, 2 oasJlesl (3Ll L 5l e
Auti cdl ialesl 09,5 99 (6 loline gles o Shee gl 8,50 50 Lol .id Jouol (g (gl oiz basgs iy
52 30y Sn (53 5005 Sy b olS L e s S L Jgbo ecSias po 5hab (sl lone el slogge;l ol
TP 9SS £ o Olojie slojline sl aivg Jloline glds gl w095 g3 slasladl otz sl
Al Bl g bl Dglas wlSlug S

5 0035k o3l oSl e s L Jsbo ot Sadyn jlaS (slalone gy cnl sloasily sl REFRCEESEE
Slol b oS win (b (hjgel slailas iz basgs cad Jlosl S5l b L jloline bl (glyls ollus S (55

Slabgy B 50 (amlin Jlre Glgie a4 Bilg5 so piir <8 2 ool (imgh (nl @S wl p ol Cdillas 15 Sieg,
3,50 cslaili o LJB o ‘5“»)94" Glgize TS g 6|déLd)d4.? G5k el b Lsgli)’)l Sl Kilogs
Gloylas plow b alaly jo ol aadllas 0,90 05,5 98 (5 lobins Sglas (gllo 58 038y #5505 1,3 olaiul
D93 4 3l Sy Sn £ 9 Sl £ oSl (o) D (S Wah grkae Ayl (pl o oS piz 25 >

WA i)l 4l o 4l
YYAQ olo,> Ve i glo gyl
WA o0 Ve :C)Lol é—.‘.)u

AARRISTYSYA S ISRV

oo 5lgunls
Glile,niz 5250k
ol Goiee]

sl b

i S, b,

JM‘ LR vewps) *
s.hamidamiri@sru.ac.ir t=
SYV-YYAV..peqa @



mailto:s.hamidamiri@sru.ac.ir

Tech. of Edu. J. 15(1): 33-50, Winter 2021

1199 liwoj o) 0 yloss IO wlo (o jgol (69l cale d piis

Sl b L b yel )y opl jlolins bLs 1o j9e po (oakid Lol ol b el calites sla ool (>ib 5y
55 2l ol igel Sl itz L sl

Ale pglas g baesly a5 Sloj (g0l 23l 1 ey & pslme ol (8)
Qg O yg0ds 45 Slo ) 4y Cund Wigd 00l iuled e jed & jgods
A58 oo 0l e Wigd co ooly ioled

b Sk eles b L] Gl s pSel 4k Lol
didl> yy Bjgel Slge lawgi 65Tl wnld Sy Job yo o5 ol
Jlasl G55 )b i a0 5 0e Jlosl 0,50l 38 5lS
50 N e S SSob 0 gl e o Slee WSl eSS o
Sl by, uizen el (650l LB alise Fahaw jo SSLL
A g0 40 4 o)l 892y als L el ol el
el (objective) 4l Sx8ly 5 (subjective) «l,Kilsg>
20 ok Byo wd 1 6 Seslasl a0l o518 V] wes
w0y By S gl (25Liel (l g w505l g (6 S0l Jsbo
2pl wd S ki o LS b ly paSls (i Wi
Awd 5 wedee iylE 03 0g3 lawg a5 olag Sl
Shedaly 5o &bl Sedly slas,Sojlail 5,5 o Gl 4l Kilogs
Lol 6T e 5008 Sy Sulgdn s b o)) slaosls Ll
SrSoilulls ) 355 slacse 5 Cusgazme ba b, cnl 5l plaS 2
Sy90 OML5_’>|).,0 Lg‘d.:Lw)J...} W&a.ﬂ.:f L ..\.)‘94‘5‘@ 6..>L.\.J )LJ
INREJPIC S PSSP P R PENC [ PRFIN
@ ol (b wsd Jleel 0ai n5ol 5,8 4 bjeel glailu i S
L2l el osgr 53890 (bj9e] cuiS Ll

s b Sl allSisss losts, ool n 3
AL S5 3,8 593 Lasgd a5 canl Ll (6,5 b asLs 5l solil
Sl Gl Pl Bl ol 5l g 058 oo bl (o3 lis Sl S jo
IAL a5 o olas T 1) 095 o Jlael lits b Ol i 0,3 a5
Sdnrd gl 8 gbgiesn ool sl o
0l laip o B4 a5lis b g .Soslail g1y 1) (physiologic)
Ja] oS o ool o pSoslail oLl olsiea Lol 157 b
Sy d 1 glcusgame lhls Ll 5,15 L el 5l eolaiul
o9y ol 5 eslaiwl b co s [ K500k (g uSeslusl ISl e
a5l gilew 4 col (Sew 0,8 Hiored e s
S S el g 2l o5T o3 lis cdled G g 40 095 o5 T055L
ad selgs sl b sl

sl wblT el Sla s, w8 1 & (Sislsnied slas el
5 6,8 abbls o bl S gl cwbe loylnl 65 e
o e JESKs aile b g 8ol ol el oS o ol 31 (580l
o it 5,00 D ygody B b ys g et S, m{l;”:k.él
Sleslitul (2Ll psle 059 )0 (ciaghy sla)lnl (o) 5
L;)STéA? oBiws ol lawgs a5 Slaosls .owl wia Gbo, olKiws

w

doddo

ools 7, &bl 5 ol aisy o aS Slbcd iy a4 09
Slezee 5l eslawl oo ISl 51 (S cwl 00, (glos S
el Bl Gl o iysel o laileynn
| emSol cotS wiyls a5 Ll conle cle 4 b slails s
Sedige BB Sl o addle sbml el [V wims o il
s S i o caads gl slale,ais b ojeyel VY]
Sorm 2B wszlr 5wl SSsel Gl clo Gl g 950 o0
19 wiSle Jyol 54 o lilujniz SO ST 5 08
DT asl ael 56 (35900 ol 4o o] 51 eolis] a5 conl (Ko

3 6ol ceaS p slale,ns Glaoe 1 eolaiwl | sis il
Sy 5o Jle sl sl 8513 oy 2 9590 Latagh Sl (s loa
‘6|=\JL3") Lnga)lsC)Jo )| oolaiwl a5 cawl ol ool uLM T3
NS 5 S L Sl (5 ,e50L 2 (s foline 5 usie jboas
il 31 a5l oas ool (yLas (6,500 gl 5o cuimen [F]
Sl crge oy isel ol yo a5l eslinul & cote 5SS
L Jels 5t 0] ssiice oS3 cobaiiogs g 03Kl pKai
el (6250l CudS Rl ) S5e o )lge 00 5 s el ain
08,5 7 hae lailu o> (b slp ol 03jlgs [V] (Mayer) b
Multimedia ) slailsai> 6,80l 4 ko wluly Jeol (pl .l
Sole,y ain f_;b oo S5 6lyls S 2 g 004 (Learning Theory
Gl 1y Sl yaiz obisel CeiS ol Jsel ol 5 S
03l (b sl ligel mils yigr 6,050k 4 e 5w o
Goandwd ol g gy90 Salslas Lol 6,8 aw o ol
s jlonaly Jyol Gulol 32 (ioghy nl o)l ozsla Wisd oo
ol Ly gl oo Saltloe Jelse falS & e oS Jgol (S sl
)‘ Ju.t)L.c 9 Sl

A Cod WNigh B> o8 olic a5 Sy o8l ipleus! sl (V)
A58 oo 0l yige il ails 852y polic cpl S Sl

Syard yolie 35 55k sl plagm ST IS alas Jal ()
258 50 Dygo yide (6 S ok 1998 00938l (glail iz 4 (Jlas

oS gablge dy Cond ey, 5 SLELT 3y, 5l ol3l Sigsdl Lol ()
i S 8l 0 ol e g Colg, « ST 5 b 5l el
N yeS o0k

nobas 5 QB3ly 51 W5 (o0 0l e S8 G jslne ol (F)
A S gl &) Kioled b amio G 0 o2 4 S0y ,blos
B K BB Y



S. H. Amiri et al.

(%)

OlKas g (5 ol dro i

bl 39 o0 plodl G0l rae &jp0ts 990 51 (6 5keum 53 Lol tas
I3 DU o Gals 05 Sy g5 (S b Gl L el
I ] o ol yor Lial33l b o5 Sb b

Pl jo oS aies iz ol f 5 ) OB g5 olilug e
sl DB ol s oo ) (b lacts sl S
Gollls SzsS jlaw lbats wliv 5 @y jlaw S5
5 e 5 SYsb slacets Jsb 0 Vs lag] asian aillbyls
VWY U Y osgase [0 olilug e (S o0 7, a8l S
Lyv] sl b o les

B 5505, (it b ol 5o olSlug,Sn 51 oslicud
)._,L, YAl o Ken 5 (Siegenthaler) JluSow .cul souos
by 25 Slles G plxil o 1) 0Ly S 1 (5 lgbo
Sl Log Soaa 55 lS 5 (Sl Loy T (sloasdly iols )13 (o) 2 0590
OMESTEION RS NN ETHRCINNCUE SUER P
o 6)lgis mhaw (il [YA] K 5 (Gao) ¢85 slaasil, b
12 05y Sen 55 oSty Jpies e ol e o ol
goladls 05d co Codlad 5l o g (AL Cdb) 8 s b oavglas
S8 sl iagy alie sbassl s Y] ol Kea 5 (Dalmaso)
S ol b sl b il aS W sl casay [YY YA ,YA
sl ol o )T &5y 5 o5y S

S50l 5l Jole 3Ll Jb Olpss Sl oyl (onn Giogly
T YL o oS i oS > laosls o )y ool slail oz
ad, 5 slas,gle 5l (S amd 1B w5550 |y Sl 0l o0l
s 5 ol gy B o glailojaiz jlesliul aghy ol )
i logae 22835 (sla gy, 29800 Jiihe 38 &) dugey ©j90t;
Sl @glas ol los )5 eolaswl glailu,uiz laeay bw] Slxan
Sy wesline Sloy gloojl 4o |, calizes slo,Lne a5 ol oo
il o i <5 00l goite Jlae A (p) e 18 (o) 2
Segi ol sleyls s il Glilejaiz 6ol 3ls L
ol (eSS 5 (0] 58 (L Sl b3l s (5 p5le s e
0575 Ak GBS B (GBS by T A Y i o el o
wslsy ool colaiul olge ¢ caSes i ol bl b
iS5 5 o5 bl sladelos | ol @l ¥ sy o 0gd o
Gl e ¥ sy )0 Coled j0 9 85 wales )18 o) 0550
Beden Olo 4SS jobar gk ol

sl iz g oad Jloel (J2Ld b (o (gl (nl Soe
WLQ)] | S C‘,S):> dLaoolo NN )‘ oolawl b UL) uu)}c]
Stz K 3,5 5 95 e ol dr 55 3 508

Db 9 998 o0 03] Al 0 3l s S oo omlie | b5 90!

Sgd o oolatwl gLl glocdled 5l gl Jdow j0 04d
b,y ows awg oad zlguul glaosls 5l calises (sl )lxs
Oy D o SasSTy Jlse gl 15,5 so 13 colaiwl 550 i
b2l lr ol Gloginghy o 0ol 25 pia S
o)l 5l S No) o] el ass 5 18 ool 8,50 5Lt
Gyl Oladod S el puiir S o plad Dl o) e Lo
G50l codld S Jsb o gl [ mlidl a5 wlesls las
DAV ol ol pon qir Sas po yhad il 33l Lo o5l

00 Sy « S o ,lad ((saccade) olSLu pui Conid 5l o gl o
sleosls 5l a5 slojlas lgicas (Microsaccade)slSlug o o
oolawl Sy90 LSOL"M’ )Lg LS’L’))‘ 3o J)}ad‘sﬂ C‘FLL.J‘ ‘50..‘.? ;.;L“o)
Al dislem ools el by lare (ol 51 SO yo aslsl o .05,.5 0 1,8
Ol 43S slagiagyy elul  (SELS L L Sy bLST
Py

Ot 93 ee Ty ool Djgonr £S5 nl 05 o0 )8 5 e
4 Soe ol jo 0,8 a5 wiS o Job aslioiz bagdl Lo Y-V
5 i ot olass b iegh (0 0ad oo 0 oolB Al
a3 )3 18 eolatwl 0,50 SSLLS L (g 8ol jo conts ey
i S5 b oas e a8 wilesls plas [Ye 1A ol Lol
sl slaws Jg towl yiing 30 pie oo ey o all
olasy Sols Jb malBl L g oyl uSe alaly gslis L L s
el S L 098 o zlyuinl gt &S > Lo, 5laS (6,50 L
Ooled S o Sl | Ko anl @ 4l S 5l et Jlasl
Sl 500 Gl 4 el SO 5l o)) el o5 e oL Ko
plosl 4l b e BT Vgome &5 Cd 00 S8 1 (0 e
b @il slr ol Cepw 5 8L Jobo 5l Lty o w358 o
b ol az,m [V) O] laasl wlol p 0gd o oolitl o5lis
ol i ol ey 5 Fasds baolSle callly i Sl
Sad po yhad C.M:L gs“"L““’ 5L Lg).:fo)‘bj‘ 5 solawl 3,90 )i.‘." Hhro
GO G Sesye ylad oo co ) (69l 1é & jgoas a5 Conl i
ORal8l a8 wlools (LaS (6 )l sl hgy S o s oSl A
Avo-vy a4l ol jon i Sasjo b ol L sslis b
b bl slp Sodpe b Sl anci SHIYAL (a6 o
a5 lasgSay cl ol ooliinl gplis cold G Job yo axlis
S yo Hhad ol ancio I colpul dlls jo i Sas e ol
@ a3l ot ol Cuwsdy 0,05 ST les S S cdled Jobo o
obs b el aisl e 1y el gl jb mlidl sl
b pials Sad jo Ol ojlasl slhae [08 0gd o i ]
e e plad 1y celis JL el

L bl e @bl plsea Sl oo (05 SL )->L’ g Sl
o o2 6ol O jgods wilgs go az STey0y Sy ogd oolaiwl oSl



Tech. of Edu. J. 15(1): 33-50, Winter 2021 $3%)

1799 liuoj o) oylas ) Al oy jg0] 5)9l8 cole 4y i

Frame (1): with principle

Berkeley

Y

podcast

Frame (2): without principle

ploadl Jol pai ule; b Blits 053 93 5l (slaigas ) JSCO

Fig. 1: Sample frames of coherence principle (applied/violated)
obfauses,s
s )5 0y90 gty 51 Koo iolojl cpl jo cauS' S 15 o 8
oS 2039 S8 Sl Seted e S SRS (ST 5 590!
Sabesl ol sl ;a8 V0 aile J1E Jle YF BV e o5l jo
qoole 4y oo ol by sole olin )l (Ken a5 wind bl
a3 Jdo @ Y g pi (50,5 0,5 O Jdo 4 e Y Loy
Sboyoals ya5 Ve 5lculed o wal aslids (LS iagh 5l jadl esls
3w uizren (Yo IAEVIYO 1w :K00s) b 351 ol e
Eaoge o)bye L3 uils 0ezg 5l (glasliw (b owols A5
SIG el Josds s oo saslive slaslaslo oiz ;o sadz s
oot 35 ools sl 03,5 &S 18 LaalesT o L3 il b 69,3 bls
Ded aidlds LS b o 5l gy )l
Al el oS eSS b oled 4y L8 5losls 331 ol 580 7,0
ABiale, 03 505 5 4 pite iales] 2 S5 10 ol o] soles 5
Vs gy SEALTES b S 05 5t Ul ingy
@byl il Lalpd p3 bl Ggesl ()l (i s sl
FIFO 5 Ske) Wlosgy (A 5D Y 5 F o Olped oled Conl oads
(EFY  SaS]

g ]
ooliiul 390 ol paie dw Sldi> 5 slweslal 0gms idu (ol jo
5 090)] sllo iz (25500l lgime (m iagh orl Gialesl

el 00 00l CJM: (W Lg)lf )Lg ua.>L.:

o3 Gl glalayaiz 0 0ad ke realie b alaly )o (Y5 4
15 a2 Ul | Ll I8 b sl sl ool 55 Cales 4o
s e, iz b 3l ol g daslaiba iz 5| S
iloads LAl dee 4y dizes 5l golass o Jeol cpl (6,550 50 9 il
@ S Jgol Ho g omline Job ;0 9,8 45 59, o U]
L) g rie FSLd 5L S (oo oalin | ool b sy a5 1>
p & s opl o lp agh cnl 50 0 et
50, 8kes gail @ls dgde aSloy iz b, o0ls (slalone
7 liiel g JoSa 00ls lsieds 15 Lol (5,1 )b (el aali s

55 o ) 0l 850 etz 00l oo 31 Lol gl

oo olus s

ol gt dlae ols

Seeseline Job jo eadJlesl g2l L B L sl 22
Aboo Gl i Sesye b ¢ SOl (L5 Ghjgel (slaile iz
(Hy)

S osmlie Job )0 eadlesl (3L b Bl L egs (658
I oot St plajiae (oS 0y B0l (sleibe iz
(Hp) 3L oo

S eanbive Job o sasJlasl (LS b Gl b ipg 53
whios Gl (oodr Sl 25 oSl 0Ly B0l (sl iz
(H3)

Sy eaaline Job yo easJlesl 23lis b G L ez 23
(Hy) alooo Gl oL Jsbo o oundSil (L5 (3550 ] (slaibejaiz
Sy easline Job o eadJlesl 23lis b Gl L ey (558
(Hs) 3o 2al331 S5 S pos (a3 05 390 (laibis iz
S salie Job s ensJlesl (U b Gl L i oS
(He) 3y so 2l (35 Sy &5 o om0 (3590 glail iz
s salie Job s ensJlesl (L Sl Gl b i 3
Whise GRIB 505 Sy 53l (S Ly i9aT (sl iz
(H7)

e ealin Job )3 oadJlesl 3Ll b Gl L eiie (558
Moo Sl olug Ko (555 ¢ oSl )y (3590 (sl i
(Hg)

S esalie Jobo o enslos) (s b Gl b g 3
Moo pals oLy See ¢ (oSl L5 Soi9e] (slaile iz
(Hg)



S. H. Amiri et al.

OlKas g (5 ol dro i

AL g3 0 LSy Sledlbl S8l )3 czge paal 5 e Glojea
2 dalgs By 08 55 ped g 09b oo il

Gilisee glaciand sbol 7,5 L abal, o ¥ IS5 )3 Syzge slagy b
Slal a5 (o 7SS (V) 028 )0 aiid gl ;0 9290 o ob
85 ol o (lad 5, 3o G Ky Lags 25 0n 0 o]
Lol s glailn joiz coln jo (6108 alis Jol cole, 5l glaiges
g0 Sl (oo a5 el oauid Cole ;) Lol (! VS (V) 028 50
g abgyye Cwond L Sl gl S99 38 (2050w
Slal g oslwil asarly (9,5 Comms Jlo 5o o5l F IS8 )0 &8y 0
50 @B slaciend 3929 b azgi b sl GoSuls I pols Cond
Ded asiee (6,08l b Ll s 4l S conl g cosSuls
e Sslone ol (85 ke Sl slaises 30 ¥ USS slape b
4l ol Oyglme 50 pgas I (end zpd ke (V) w3 50 e
@lises glaciond 7,0 (V) 028 ;0 a5 Il 0 ol oals ools 1,3
Sl byl S0 sl o8 505yl j1,3 s e >lgi 3l 50 paas
SFLE L SRl e a5 WIS gz gt | a8 Wb sl
IWARTAPES

g wed ool b old 5l Jlgte 2 99 0 S8 (1) 5 (V) slage 8
e a e Jyol e phed 0 (Jlgie 0258 59 55 () 5 (1) slags 2
sonlive 45 j5blon s 0SS (V) 5 (V) slaps,d b bl
So bR 2 0 S9rse palal Jool b pld slag 8 )0 998 oo
s (Fgo Suly) b Bl g8lgy0 oS Wed oo ol (Slej S
5 el ot ole;y Jgol s Gl )0 Sl wui S S I
Ol bakly jo Ggo culy, a5 azsljl 5og; 1, (g pa ledlbl o8
5 els b Gl Cage cpl 45 wiS o camlin e musgs
D5dise (6 5ol ek (RalS Ay

Frame (2): without principle
SIS alas ol jasilagle, b ,blie o8 90 5l slaiged ¥ IS5
Fig. 3: Sample frames of signaling principle (applied/violated)

bz oSisel slyime
S elyy g e palesl o eslitul )50 (slailujaiz s Lo 6l
Wuad g0 i bl [YY] Open Forum 3 s 5l VY fad
00elB gy oyl i 5o i il 46 YEY Jsb 4y glailu i
0 P9 Amed 50 5 el oad Lule) lailuynir (b Jsel sl

oS Wlads aw alasle jobay Jeo! ol (frame)loe 8 5l oax

Frame (1): with principle

~
f |

How are they going to find extra-terrestrial life?

Frame (2): without principle

$Sog38l Jeol Gl mle, L SBlite 8 59 31 shaiges ¥ S5
Fig. 2: Sample frames of redundancy principle (applied/violated)

Jolan ol )l o a5 cole, jl pladle B B Y slaSs )
PO PR (O R SO XV PRV PP AP FH R CESP ESE PR
ohed o Hblie 008 (6,500 5 Jsol b ohd 51 (S aS ols 1,8 08
el Jgol Gy

abayl) 10 1) (glandio sai g8 5,8 il ol | S j0 a5 laes 3 50
OIS oo 5l 8550 50 glaile jaus aslol jo cul Jl 3 aST cgb60
g 5l Bl e g polie (JSS Gl (V) e 0 S (o0 Ol
s BLLI 5 (V) mag 5 s Hplomad ol Cule)) ot b
J Sl o] s 45 Wyl 5 ste g psles el 5Lol ol
5l 3929 poa 33 yolie cnl 85 )18 sl (Fy9r0 laile iz
rolie 59y 32 08 S ped pae rge i o lagl (35 8
(pleadl Jol cule) pae) 598 o0 pgai 10 i

> it (il ol (8 el | la e ¥ S5 sl 3
Sy 5 455 e owalia | oY slad Lt 2,5 S ) (1) st
g b polal pogdle (V) w3 )0 &S Jloyo 09l oo ) abogy e
Jol als &8ly ;o a5 Wil b 53 1) Sy oad axdel (v iy,
odlitul @8ly ;0 0gb oo (LD b Gl 4 e g Ceal (5938



Tech. of Edu. J. 15(1): 33-50, Winter 2021

(¥

’r"?q‘;‘b‘.«wjﬂ’a)la..ﬁ"A-LL?“)ﬁj}o/—‘_g)jw sole 4yl

Lags oad (e Blaal alosil o liddge ot L5 a) o Shee (F)
351l iz) I (B) (Sl 005 jralicibye juiz Sitoles]
ST 0550 0, Sloe zrlaw 43 B oo plol - (58 5 g0d - 5 a8
O ol el Jsb jo jadz) ol mhas () 5 (S 045
Sl ]y qas b liyy (oad eras (ol o ol ulas!
2l o3 Jol al pe 50 (093,58 yo5 el T g ol ol Lol
sy Ve b e gl ool oad S5 whde ny 8 1SS e 4
5o 2 (Y JS2) 2200 Gy 503 JIgms 03353L & s (7 JSC5)
Lol sl w08 s S oo ke |, lagulibe 5 5l cdr S
el ol 69 2 st )1 lad Jloel el 6,500 4 Cd oS
S 2 3l ol s e onl SVl 4 aogal ales Sl |,

lein patdn |y laulidie 5 5l

Frame (2): without principle

ebad Oygle ol paiifoale, b bl o )8 90 5l slaiges :F S
Fig. 4: Sample frames of spatial contiguity principle (applied/violated)

razte 53 5 by (sl Laatie 5 gt lagslaile iz alS
slile, iz (b Jpol mmo 655 S o lp e
al,l b o culss 10 0590 DMl (28,5 13 ) 0500

285 158 eoliiul 390 laascie anl 5l e g 0 Jlesl

ozl

b b gl aiz 5o 0ol e aalas 5l 5w VY (oSS
b Jsel a8 1ole; 5B b was (b 555 4 SYlsw
Ol ol pley D aams 15 b5l 0 se ) slaile e
0SS 1 0,8 S50 Bl aas gl g el 4B Y. Jlgw VY
sl bl yd b as glall) 5 sl 5 ks &)got SYl5e (oles
ol LSy oSS il o8l o Sles g Jaas jed coly 33
b3y glaosls Lol Jol> mli byl slp Wb )5 b
3550 0y opse 99 g geil SYIgs 35 o ool ez
ol GBS e85 alie 09,8 10 gejl 285 13 a0l g (o
Cronbach’s ) ¢é,5 1,8 ol 390 o) lael g ol Il iegh
.(alpha=.71

Lol )15 b sl

oolil (938 Jlme (lgieas Wb 6,15 ) (a3 lis 5l Graghy ool 4o
il Jelge oS Col wliite 5 2eb Jols Gl cpl el oud
(V) S o g peSoghuil bt colld Sy oSS b LU, o 1,
(V) (S092 55 3,90 STyl g (G003 Edllad jaiz) (a2 (slacgatajls
(1) (o 5L 990 (Samd Cullad juiz) (S slagoiesls
(ol oals bt Sy jLid ol 4z 4) Sloj sbo gl

| Frame (1): with principles |

Frame (3): without principles

Frame (4): without principles

s sl ol (85 [l 5l slaipai B JS5

Fig. 5: Sample frames of temporal contiguity principle (applied/violated)



S. H. Amiri et al.

OlKas g (5 ol dro i

8 NASA-TLX scale

Mental Demand

OO AN O 1 O 0 O ) O I N 7 O O |
Very Low Very High

Physical Demand
T T I AT T O T T T W 0 I
Very Low Very High
Temporal Demand
T T I T T S

Very Low Very High
Performance

T A T T T e A

Perfect Failure

Effort

T Y A T ) A U I v O I |

Very Low Very High
Frustration

N I T O I A A T Y |

Very Low Very High

Ll )5 )L e ls aslics  Jol aman 2 S0
Fig. 6: First page of NASA-TLX questionnaire

b Recalculation Tabl ¢

(priornity of the load)

[ ][ menta

] or | Physical

(][ Physical _
ul Physical

[2][ Mena )
;]D Fl x_,lv ation

]
or § Efort J

- Performance |

l_‘” Physical

- Tempaoral

[__y[ Frustration

-VMPlu

ul F rustration

EHUN

LH F’\lfur

E Mental

L” Performance

l Pedormance

I I Temporal

E[ Effort

m Physical

E[ Etton

m Perormance |

3 I Temporal

E[ Frustration )

[ Fempoa—

-MrnL\

:I Temposal

[6]
|
O]
O]
)
__O]
m& rustration ]
O]
Ol
]
O]
1
O]

Ol or] Efion

Lol 5,5 )L e ls asliian y poo asman iV IS
Fig. 7: Second page of NASA-TLX questionnaire

g dawlo 0als ool Olilial lawgs lopyjs el i S cpa
Dol 5o S5en 5T e Jlosl (LS b il o ls yien
6‘;) 6)1...'.5 Ql}».cda ‘) ua.’>L~u U"‘ )| W Cawdds )JQLD.A (R
Sy90 (goinzr OIS o Ol s laools oo 5l ol mls oL
B o Ll 6,5 ,L Laslis ael fw p cowl 428,518 oolazul
5 onl [YY] ai2dS Gla imgy b gl a5 axten alis 5 gilS
o) edelS dseid l lie ol 0w )l mp K0S L asus
dles (5o )liro a5 0l paandd g B el ool oolaswl el i

A slazel BB wad

lojl plmil iy,
Lol 0dd 00pdS pgal 4 A JSS o Gllejl (IS,
3o s M Sialed Sy oy oialejl o QS eSS
Sl > 516 wssls 18 el (g5 1) 995y ineis S s
Py ois sl o] iz Sodye Gupes 355 (5T slr LS
L ools 321 g (calibration)e . JIS aasio p)5 G lawg oi
0AS IS L yo 5ol e 5l slBiiws lawgs Al p diges Vet £y
Elads ) obow S5 oS alaii G 4y @l Ve o a4y a5 ol atles
S ol Sl s 5SS b Sy e 5 (alen ¥
g oS Las [ 093 iwl)T e ol o a5 wl anwlgs Loyl
Sy ools oainS a8 L o sla il Vel b s aled ;S8 Lol
Ol i Aslors jo a5 0l 35l L b col il s lsie 4 i
IPPWY PRI I oW G| EX N CO T I B TR VR L P ULE S WX Y
st aiz Aol B 51 ey el pliy Sy inles L JlSog
58 5 Sl Sy (glail iz b Jolas Sl 05 Glales a4y 9,5
ObL & 3l aw oged onaline Ll U sl 1) (slasbs joizr LSy Lasd
ol b ambo (g9, )093 O jgod liy laileynir e,
A b 5w VY a4 am al> o j0 ol (69 a5 0l ools ioled (ygeuian

Task Load Questionnaire

Lol 6,8 5L sl deli i o0, Shas (903 cslailus jouz sdalive ianly 4 o 5l i )3 . GialesT plosil aig, A S
Fig. 8: Experiment procedure. Left to right: watching the multimedia, performance test, NASA-TLX questionnaire



Tech. of Edu. J. 15(1): 33-50, Winter 2021

(fV)

1199 liwoj o) 0 yloss IO wlo (o jgol (69l cale d piis

8 098 5l e (ot Dpgots Jool b (slaila iz 095 Ol
& ool @l 28,5 e o b Gl Ll (Y Jsoz) cal ol
sl 51 51 S g« 1(8) =1.967, p = 0.077) Co yloline Jituwo
b oausSeS b o8l aS oouis opl a4y yomie Jgeo! (g0 (sl juum oS
R Slaiulss ame;S g Wad gy ol (SELD 5L Jles!
S S 1y Gllas ) seliel

Sppoty slaleyoiz (b Jpal 5l Sope b rags ool
2 Ol 5o Jgol nl 58 4L 50,5 o )13 gy 290 ilElaz
b Jy e85 J18 oy 0y50 02 LS 0 5 (IS Ojpon oSl
S Soye (aids £ L) lailuyaiz ol gley Goe 4 azgs
Yo ol 5 5SS Sl slesl @ pin o5 > sla LS
s § N ol Wiloas (g, l3&eL Saly allie oyl 45 (Ll
S dle Ssb pa o dajlas 5 plST e eaiS eS8 e gl
b iz ESm sla)lae J1 S polie Sl e o e
S el S5 4 3 Al (655 e Sle abgy e 095 (S S L
B9 OlSy 93 58 (Fge s 9 lailayuiz 50 2 Jsb

slolns 51 S 2 ¥ 5 0 eadzshe sl B s Gl
sl @lasb Yo lassl o (Ll b (i Sl slacol
I See BB b)) slp Gezren Sl ol Auloxe 05,5 50
oolizwl t-test (g Lol cyg03] 5l 09,5 98 (o oo (6 S oIl o Lne
ol 0l ¥ Jgaz 50 o] gl oS ol 00l

4 09,5 90 il Swdye ylad Dlpns aniie Jlaged VY JSS o
A8 Sl ain e ansle Gl cel 0ad 0upiS gl
2 sl s Sshoe e dYFL tagn wlool L glke «Seo e
Jceliul cl o e Sed e ojlal Sl oSS Ll
S5 S Ssly (o Jsbo 0 Sed o had ojlil ity Hlade 0 Sle
ol il Gl )0 i S o 0310l (1Kl sl Cawody o g
5 eslital o [Y7] alie la pogh sofI b illas .ol nndss
Sy ools Sl 6ol aniay Gls) sl & a2y (Sl
A8 Ghals b Gl Gliee ()2 sl nl sl Sl s el
e ol ¥ g0z @ azgi bl Hy (03 olojlisinly 5 Sos o
VY US40 a5 j5blen g el 09,8 93 e sloline Sglis gl s
O Slabe,niz 09,5 anl St slailu,nin slaS ok Job
45 Cal 503 09,5 4y S (5 7t Sad 0 yla8 a3l glls Jgol
3 ol oael VY S 50 a5 09,5 g0 (laax Jloged I gl !
3545 el 51 S s ol (Hy b 9l cod gl L3
s yo ylab ( 23U 5l al38l b laile iz 5,50k an T Jsb
2Bl walys 58l el

Oleyide (g iy S Jlre 93 L alal) 0 Y Jooxr Gillas
Cawddy (5 boline bl (g lel ooyl Blodjl conis olaws 5 ol
JSo 9 VP IS o lailuyaiz Jsb o sl 90 cnl jloged aulis
)90 508,59l |y Hy g Hy (g5 cos ol pls cansl ool b3 V&

Sygoy sogasl Wsy Sdee g5, ool Al e adl Ve 5l sy
09o31 I3l 5 b il oo 0 )lgdg0 Lasly alwsgas 08 5 05y slail,
Sl g 03 i bB s 5 L el o 5 sl a8l ok
5o Y5l Zub) 6l p sogasme g Caiils 0929 IYIGw o o>l
el odal VY S o gesl 8le 5 5l oles g cauid a8 8 LA
abzd e o amao YU Cly Caws 4l jo ciledl g
3,8 5 Ogs (wywd H0 dxs ) 40 SYl5w S 98 09 cdwlive B
5950 Y15 plas o el ools Fwly Y15 plas” 4 aiy Cuiled oo
Vs DD ISl s ygd med b ) leais ools gy
e g Sl S GladaSs 5b 5l ulls 392y s D900
22 81y e Gl el 391 e VNG o gl 55 Ao
Olos Oty Obb 2 5l S0y Cudlyion 9,8 oatls 392 5 Jlge
aalol 1y anlyd eyl loy LL B L aes dasls al> ol 4 ¢yg05]
e ol amio 55 5 S8 pling sges] Al e plash 5l ey e
0,8 0 095 95 4 (Bolal wjgoar halejl (nl yo FaSeS 0
SR 055 5 Jyol g laile iz g S sl e
50,5 ssalie | ol b (slasl o

ool e o, 8ee 905l g Slailu jaix camlie J>le pladl 5l am
Aol i gy (s A 0 7l Sl e loaiiS eS8 0,8 5 GBgie
Al nl B o oo 00ls g (59 4 Lol 6,15 L Ll
97 IS5 50 T 5l (laiges 45 05y amio 50 ol 5 (361 500,
Sl oaal VS

5% o cialesl wig) g jl8le 5 b eaniSeS 1l e Glidl jslatea,
3 ) laidoss lailayniz S sl 1, Y6 ol (ooles
2 3 ol S 39 41 5 55 o (Gialef] ol lailuyizz 53
45 Slojy b ool oo alojl alopo 1S5 ols Gely 9e5T al s
b ansls aslol i o bl ialesT aigy o JelS jgbas 0,3

29,5 99 2 oadleel (S2LD L L akaly o b ol g9, sln
odnlin |y ouss >l b glailu oz Jaol 500 5 Jaol b sloasus a5
A Kilsg3 g, 45 Lals 6,5 b Lasls Sl ped gy s ol is S
b IS @ argi Lol oo iy el (3L L b5 Gl n
Skl i Jgel G lala,aiz 098 555 » oadJlesl )8
V s el Jgol b lasle iz 05,5 59, 2 ot Jlosl (o5l
t(8) =-2.329, p = ) Jiuw I (y90)] b 09,5 90 G IS
b sS4 Jeol ey sl joiz 45T > sl lolins (0.042
S 105D (pd Dygody LS L Gl Coge a5 conl oad
Jool b g @ Cons it BLD L Jsol e 53

S Jles!
G5 FBBS sy Sl 55 0955 99 9,Sbes gesl el (izen



S. H. Amiri et al.

OlKas g (5 ol dro i

ol olys Go9eed D ygeds Gleied 8 YA SIS L akaly o S
b oS Jsol 09,5 VA JSS 4y azgi b Lol 0,57 Sl bl (553
Ll 4 (Jgol b 05,5 4y s tailonds Jooxio 1) (5o s3LS
Ol 3 Ho (28 50 a5 W)l )58 (s 50mb o jo oLy Son 253
Ll odis bl axsS

99 O Jloline Sglas sl &5 gla)lne anaglyl 5 anlie sl
J99) o aplone byl 51 Sop gl (o298 51 o3luil taiogs 09,8
o5 el 5l e g el Slojlail s 555 slls Sl Jgbo (F
5 003l 3l WllagSen (Syn o Sedpe B (05Sk &5
NS 0 )18 o slaas) jo S e s

80.00
__ 60.00 { B Multimedia with
X Principles Group
w
3 40.00
o
3 Multimedia
20.00 without
Principles Group
0.00

Groups

05; 99 (5']'.‘ (W SJLT )L! u4>L..4 g:)l}m 4 Ji.u
Fig. 9: Mean and standard deviation of NASA-TLX scores for both groups

100.00
S 80.00 B Multimedia
% with Principles
2 60.00 Group
£
= 40.00
\.g Multimedia

Principles
0.00 Group

Groups

ag)f 99 &l o Slos gyl Olpad Ve IS
Fig. 10: Mean and standard deviation of performance test scores for both
groups

Lol )L pasls Slyes (bl 9 eSSl i) Jgur
Table 1: Mean and variance of NASA-TLX scores

Multimedia with Principles Multimedia without Principles

M sD M sb

43.89 +11.13 59.67 +12.30
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Table 2: Mean and variance of performance test scores

Multimedia with Principles Multimedia without Principles

M sD M SD

80.39 +13.81 57.61 +24.75
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Table 3: The results of the independent samples t-test between the two groups
for each of the calculated criteria

Criterion t-value p-value
Maximum Pupil Size Difference 23.240 0.004
Scores
Fixation Duration 0.263 0.795
Fixation Rate 1.789 0.087
Saccade Length -9.326 4.23E-09
Saccade Velocity -5.929 5.75E-06
Microsaccade Amplitude -14.574 8.75E-13
Microsaccade Rate -0.32 0.75
Blink Rate -13.685 3.07E-12
Blink Latency -3.103 0.005
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Table 4: Effect size of the criteria that were significantly different between the
two groups

Cohen’s d

Criterion
(absolute value)

Saccade Length 6.33

Blink Rate 3.67

Maximum Pupil Size Difference Scores 3.05
Microsaccade Amplitude 2.35

Blink Latency 2.27

Saccade Velocity 0.94
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Fig. 17: Fixation rate within the multimedia for the two groups Fig. 15: Fixation duration within the multimedia for the two groups
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Fig. 21: Saccade velocity within the multimedia for the two groups Fig. 19: Saccade length within the multimedia for the two groups
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Fig. 24: Average blink latency within blocks of the multimedia for the two groups Fig. 22: Average blink rate within blocks of the multimedia for the two groups
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Fig. 28: Microsaccade rate within blocks of the multimedia for the
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Fig. 29: Microsaccade rate within the multimedia for the two groups
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Fig. 26: Average microsaccade amplitude within blocks of the multimedia for the
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