vy %3)‘)@.5)};‘9‘\ e)l.a.fl: N0 09> ML’J&L&}J

/1-4\'&\-\‘\‘

S 26 Sl i J piS 35 w0 S 50 1 g3l 3l (5 558 453U s g B L)

D )bl aabols F bl 3 o ye Fpdie (gyh Ay Fodljdaine e M S M Ao

NS0 1y gl N SIYA 1 il g o)l WNNF w2dlys gl

ol Jul3El a8 o oo bo)silnl & Slamer clajl & o |y gyt (B il )8 slalaoms Sl (gl 53 1pde (635108 1B g Ao
xS, (e g (0 oyl Bun b adlllas () ) sgu 3B b ygil ) 3Shes 5 Slg) oMoy Wi IS e (Bly Ll o (LS
23y el (6 Sl S BU1 syl

5 J=B oslnl g sl colimal bl )3 Gtalol jy )3 i S bl wldbogly ©y90 4y J S 361 slaygill i VP adlas el 5350wy 32 V9
oy (315 6,58 )5 9 05 ()58 ) Ll 1) (6 yped Sl oo 4 4298 b b (S0l el b sl el 4SS 4y g ) sl s
& gl b bedls 38 (o oSS 1, Ll )18 ) sl aslis s alsyo 0 (bl 3 5ilal 2 g 43 plol e pasls (s pSoslusl bl (ol 4o 0
A el g 025 VY a5eas SPSS ljdle 5 b (6)),85 sl (65 0310l uily)ly U1 5 (295

byl 55 Ll SIS )b el sl s )3 oyl (i (glagoly oo ()l (sine ogli5 lownar Sl dm 2 2 31> (5 (295~ (5 (95l s il
5 SDNN (sla s L cold gy 0ilie (60000 3li5 45 0l (L5 uilyly 50T ol el 529 95 (658 I8 4y Cd 087 6,58 )8
aaly g9 Boygilnl )3 am g S ol Ll yd 4y G (6558 )5 (e GRIBIL YL (il 8 &l (83 s (315 RMSSD

eyt 2l e Vo] (Jul 5 (st 3 S 4 358 0 oo baygill ey (o0l (D )L Sl e Sl L o ol Lt gl 5 e Aol
balyd 55 (658 LS b bl sl i e 5 (ailosls Sl S8 561 )3 5, ol 10,8 00l 5 Loyl 5 Slas tals 5 (Slg, e

Ayl AslS > ¥ (b o (6,58, 5L gile oS
w Al e (6,58 LS, [¥] aslassl
Gk ) e it job 4 Lol 058 (g S0l
POl e A &5 ol jisie (650l
ay i (6 Sojl g 35 e 3y9ly il
s929 S Laj)ly ol lipl ples Wilsn &8 (633
(5555 S s o pSoil ol (sla sy Vbl
gl adilog 5 adgl ety (6ySoll cla b,
2> slahyy 9 Sl 8 —(Sly) slaghy,
ol ol (09565 )] pd AsiS amd dw o [V ]asis
S 5ol Loy 5l () ) 48T anils 292
Slaby) g odliiwl (6,58 )L bl sl

D9 o0 drogi (515 il
Sl JES G0 b Sl sl B s oS b ABoglas

dodko

5 e Jole olsie 4 S ot LS L
e oy (Slaptass 13 3,5 3 Slae y JiS,50
s (S LS JlegyS 9o )5 )L el
Jo=8 3)9-0 chnpad (IS j5bo 295 o0 ol ()5
(5355 555k V] 2yl 25 (658 55 )L 5l Sl
3 2090 ySE Ol gy Sl oS sl (ol
A 908 STy a8 ailsy clajls el cax
[V] 095 o0 )5 @l ylas 5y50 atdsg Lol

S 4 &S Cunl Glmdix (gpmte (5581 )L
s (55030 39y b S ol Bl
5 x50jll sl gy iz [T hsed i

Ol g cglad > e Blagy (wdizs 0955 loiw (S} polo ol ily iy 0aSiily (glad > culiligy (cwdige 09,5 ybkiwl =)

mjfllh@yahoo.com

Ol ehen (e (S pols oSy o dligy sl (il pele Lo 3 S ye (agisS ) 59,5 edliul =
Ol len i sn (S pale oK il i blagy ouSisly ( i dlags pote Ol idod 1S 1e ( 0gisS)l 09,5 luisly -V

Ol laen colaen (S pole oSl cubligy 0l Sl (slacslon (sile b Dlaiiog 3 po st ylel 095 sl ¥

Ol gz (glad > et (dine 095 lgj (S poe oK il e Sligg 03l slad > Cudligg (it 09,5 (200 D



wlod (63 el oGS sl (Slo 0)90 S 0 WL
plosl ) sl 2Ulss g)yslnd byt 950! 5l
4SS s oluis }1%99:515 ..L'Suﬁ KVRVEN RPCO &‘*?.‘

ol i ol g (G yw Oygo a4 Gl i
@ bl Gl &7 SleMbl  Saomg g jlde o

LS L aoess o acl sl yal58l B3 jls e ]
P S didby Gkl g B S8
850 alpd o [A]ped o g K95 (slaptunw
Cab s 5| SleMb] o oS ol s 4yl (,S3
& b ol 530 SleMbl b5l 5 by
g jl a8l (6,58 )5 )L &S Sloj ¢ Llie
ao bl cplplo g Bed oo dtwd o] ol olgsds
L gyl 5H V] b o inl8l clali il sl
loaylid adMe LS55 gyl (o )b ity
Slapios 3 55510) (658 )15 )b s pSojluil cun
2 ] el oa s slsu sa oy il Ll
o Layglpl olby jdin w0 yel (ot (Slapiunw
o Lo ceplplo V] el Bls wus
r 681 )b (38 )L T ope Jelite
[A] casl 03,8
il patate 4 (658,55 )L g pSojlul 2l
S92 ) Sl e diwgn 9 (yd 4 baygilpl (A
— ol EMolsy 35,8 il sl ¢ simino (o)
5565 olim o JyS (el yumly b 5o 5 il
ol Gldlas 5 [V ] ail o5,ll bolSiws
ol oo sl 3,5as |y (6,55 15l 45 ool
iosdbae (5555 5LS 5L &5 203)S LBl 5L 5 u)
Creen |y Baygil ol e (SYob Mg lodily 5 (e
cel ilg o lawdine (6,58 ,LS )b olaidl
D8] s i Saute ¢ bl gllas tals
) S 5 2235 o3l a4 o lalas ]
Ly 6,58, )L b))l cae s clllas

\ s
OhSen g (M e

byly s 5l 0,8 alsTynl o,y SleMbl bo 4 ad
Loy ol npdaesme V] aims e &) adby
The National) Lwb ,I8° b jasls plas oo b,
Aeronautics and Space Administration-Ta
i) K5 g (sk Load Index, NASA-TLX
Subjective  Workload) L ,L_, &
[¥] ¢l (Assessment Technique, SWAT
Sl zd = (g 9 2o 1o (e (slagh)
Slal gl L jLS e by o,y (slalasd cle M)
i) [V1S o oal)3 ) ol slie sl 4k
Cjo cpdiz h )58 )8 )b Sejgls sy,
slagby) kol Coje cunl (2D slagsby) 4 s
ol Laodld dwge cud cuild « 5ol 38 — Sl
Sl LSl LS )b glalasd oLyl o)lee (Sp yo
2 S0l it (5 Jgane B oy Vet
Ct )y ol Sfglg =Sy slasy,
o S8 aiby L (Rl b plalBl) B plys
10] 31> St iy sla S s
L S oilasl sl peis 5 (olly A8
OMobai e S35 S sl plois 4 S
9y = (S L7 conl atils dog Cyesilo —QL..Jl
S Gloj S 5Lel Vs L 5l 556 5 )L
Jg ot oy (b ] (sl s olEixs
Sype 1y al® U 5 2lsn Sl S8 s
Sl 58U s 4 (0S8, 5L V]l 8 L)l
ot bl 4 0 Slas 5 Sl sllss (59, 2 58
Sl A] Cul odzmn lapiuge ) ol 5
Sl (gl olS g0 ylai ())de ol
L el el ot 5 2lsn S
& S oo S 355 (sl ygilyl 4 (S (0S8
leMbl  Suo (o o aleMbl oYL,
iy Gloj il 5 3 lgds (slacs S e
i 5w Gl 8 S cood | gyl Wilgs e
pSos Llgi e 05 5 2D (6558 ) )L da g3l
Colls 3,505 5 el Hlien ol 2 ogMe 5 lac]
Ol iy i S5 5 [V ]I 50 et

\Yayv %J)\jd:))_)é N oyled N oy lef{b‘g_'./'ly aslals o5




s dy oy G i HLS Al byl
A4S S Cam gy powr L3 )3 9 K35 (00 Culed
Pl cudly Sl Jyus 3950 50 1) adsles ot
29y A Sy D lpliy 3,8 e diilg
HLS o ol s egMe Caand Cuwp o a5 D
Ly (Sinlas «lppass il g lilas ool
JBgdes 9nl) Ly (SLtspis] pls a5
S5 JymiS 35 50 3 35S (oo (S (250
S9y 3= Staled 93 55510y sl &Sl 0gde
$9) = =l ¥ Sinles YA iy 0959 I8 500
A S ioled V& S Dg ol Cuas JuS 53U lgen
b ed ot slagblis Sl )L slabasd )90
G e S8l 5L 50 Kol VY g b o lis
b e ol gl )55 5 (B9 (2955 9 $2905
Wl o LS glalasd a0 4y
ol (p9® R g )3 (Lol dbli Ver
= )UE  hly Cdlgiue )gilnl 1 aS 5g 0ud
95 G=ob 3l ) dbli Yo an S5 slaip g
23Syt Cugh o ) 395 )5 jue 53 39290 Sililes
S5 09,5 gy »ogdle aygilpl (Lol I8l
ol By 5 Oy 50 1j 0)lse Jolid o
Slalidl (3,8 iy iyl Lawg Uiy
2 leinly slagla <y gloj Copie 5 el
oy 5D S8l )L il Oyan o aaboles
o Sl )l o Sloj (m dmgblds 4 4
loialy gl e ol 13 85 Sloj e b o0 L5
s ogde Sl gl e Rl 03,5 s L
ol Ao plosl 351y (slas gl ailsg ysi) yo ol
S Lanmyed (3 S8 e agl by
=W (Sl slaply Jlas)l g jgusias (5
g2 (Egkd Sl glg) SBl5)
U1 slgilnl (ly S Ll yd e polaie &
Lol oy g ygil gl b aslas )b 51 8
9 Yy ana JyuS 361 sloygilp) 4 03,5 jasia
CnS S (o 45 Cogi pa 2 |y Ll gy
a8 aalyd pgd g ol o8 S8l 5L & (il

WSl 5 S S 00 S5y gl ) ()88 18 L (e g (L)

o plosl ololejl ) (gjlwdnd ©jgo & il
wdes Jl38le 5 Sy 5l Vsare cldlas oyl 5 el

rSEaiby s b adlhs Gun 4 arg b dddsy
o ooliial 6y S5 LS b b)) s (Slbes
adng bl cwlosd asuie gosy 4 Sl
by 5 5 Gl iz ploxl pogas )3 M 292
o> 5 9 Bly gl Slllae (xS Bl
3 s 355 plsl laygil ol oy0j5; by plos
(sl 0565l syl jolaie 4y oads ols cle ML
o3l ()58 )5 )b zolow (giludingg 5 )8 sl
S ol ialsT ]y Sl slalles Sy 90,8
Byl > Glas eix plodl pas LY
LS80 byl olsdd gl |y )18 plos]
5l oolaiwl ds )31 .cwily Ko 5ee 5 sla b,
Conl 5Ol 05 by, jl Sigle 8 slasy,
ol odld dtwgy cod cubld ol Lol coje Ll
B 385 )l Gl plgee Sy cnl Sl &S
B dd 45D ass] 4 ds g b ges ool (6,55
U1 layglnl (6,58 )L 5k 2bj)l pol adllas
9 =25 slo by 3l edlil b (g0 S8l S

P9 S5l jud

32 09

JriS 55 e slayglpl iadllae JSSg5 9 (S
Al e e calleb b YE &0 2 Sl
A ) colo J s £ cele jl el Lol o
2 e VY SCdly 568 58 50 50 Gl cud dess
Cdlld JLs )3 polie ©jgio a aiel VY Cagi 93
W=YYF Ohgo 4 gl pl col ok )5 loj s
LS celw Wil ol pl o oS Gygo cpl 4 09
3 Layglpl 55 00 pl )3 0,8 o colpiul celu VF
yoin )L 5 2l & dbile olel g B du
B g oo gl S35 L

HLS dilu &S el ol ¥ s cad) jd Cogl g
Y opgd caudy )0 ud)S o cdlad il (eSS

AAR\% %b)‘)d})}} N oyled N0 oy 0‘14,:5._"_/‘}}4 aalale 95




L 000 Cuoo jlgail acib 1) o8 > JSlas
ek Aol olis! BLsl oS s g o)) Ko
csharlyd 9 51Rl o (sl (S0l (> esliz
4.)‘.)u_n C) oy l_g‘ 9 u_i._m> )LQ‘JG] Mo uol>
5ol )13 3y00 5551l (sl g dlad (5ol
Wdse )l S

(ECG) 1,5 93,L5g S (sl odg Sl coias .Y

2D aaddd Gae 4 L S ECG sl JUSw Y
o S L B e 3 5 plostz b oyl s
ploml jl dm 293 5l 5 (315 L) 057 5,58 )15 plosl
ol 53 & o3 abgn sl (5 1) b5 6,58 58
Ry

Cdled plool s 53 pl)5930,5° 1Sl sl LS
Mk byl sy o b 55 3,5 (el
WL e eyl Ll )l )L (adls delidu
e plomil (68

o pasls 4 by sodly 5slaex 5l mg
5l eslewl L Biotrace 15 dls 5 Ly S59lg 58
O 9 (SASTn 5 35 e lapadld dalages
ol 5l onlail U i oy leMb] Jglas 4l
Jobos sl oo 5t gg0jl (0, LS 5 (oo
Repeated-) (¢,)l, S5 Lo, 5 ojli sl il )y
measure analysis of variance,
sl asli )l SO 258 (RMANOVA-
D)8 138 (yp 390 (583 D9y 9 il b

15552218 5,550 (slo23 550 sl Jowo =) JS

Ohles 5 (> e \k

2> ol loj el b a3 Sl b Sy
&ylas cood slagblds 4 de g b bl pd ool 5 G
Chlebl au azg Ly g wglita o500l ya (4l
andany Lol 5 o8 Sl bl b Loyl

Sy Sl bl gl Mo by o & g 9
i sLmjg) wbojlis jogad 4 b jelsjlie
Sloj ka5l ) SIS cp pte aide 9 4l
loes ySo5lis] SLedb] ol 4 ang L il
o5 Sl baulpd ) (nd 5 Sl b sl yadls
Cog (35 6,58 ) L) 3L g (o5 558,55 L)
WU olelbo pbilis o WL olels e
43,5 plsil

545 a3yt o — i £ ] o sl
s Sl LS G LS TR V8 ol
el Sl (B )l Sen pie 4 d2gi b plogl
A0S S b adllas ) wildbgly Cygo Dl oyl
5 45,5 alalST wbcgls, Basses Wl )
68w gy b plosl (Ll b s 43,5 ses gl
—eS b Gl ol U Laislejl lgme ailes
Cowd doy SleMbl ay dngi b il o i Bais
) e 0lej 5 59y U tion aalys laygilyl ) ool
Lo oS 658, )L bl gl B syls (Solel &5
Ales pYel 1) 95 plosl ialajl by 6,88 I8 )L
58,8 5L oyl il plas ialajl 5, 50
g xSojhl gl i pasedi I e g (o)
o ool plodl 9y 3 gill o b (LE (Sialea
w25 pldl 5 Jolye i

» S Clusg pialsjl plsal 5l 18 )
JoSS 0920 (omen 5 (5 S0l 0950 o9t
)l el s (gl Lol )18 )L adld aslidis
K S0 2 Uil ] alas (6518 Capmisg Ay,
s d idgy cibge (o)l Cogs Jobo o ol 5 25,
o9yl cood i Sl sl el dgy
N pSoiasl » pai jl gyS e ol s Bl
S 5ol e 53 48 A e diwlsd el o

\Yay %J)\)J:)}Jé A o)Lo..fQ Al 09> L'Jfg’)g_..d"ﬂ* ML'\A\.A}J




IS E 15 ey S el oozl (5,55 1S
(58 slajls i plide joj (Ed (g9l (sAmtix
9 O @y Slas « Jloj slajls ¢ lowe slajls
slajls b conss jolide pj dw .ol (g0l
Jeols Ly 5300050 a g ady o 00808,
Ldde d)‘.\jc); Ll biye aalsy b onfuf)w
b o gy 0SSy by pwlide pj sl
b (] 0 s Sy Aol Yo 4y &S
kA Ve (RSES elide 4 a8 205
b )b yn > el pj a4 bgye s 355 00
9 5 Jle ssb ) (a8 S slrosiiSinog |
e L )L )L pls 0y 0i 3550 paedio (3L
e 9 wlidie 305 Gy sl oaddl) (5 )lSE 5
o33 i gone [VPodise arlre (13 20
=5 39 SRSES Slee lul 2 IS )61
bwg Lagpelde 10 ()59 9 e e by plide
4z Jole o &Sl pogad 3 oaiS eSS (b))
S d5Bis e )5 adbog JI5 )L ) (sogew
) G i dulio 10 gl ()lS7 5 JoeSS
0SS 4 g g o 013 LS 33 & Lo yolide
S gl e jlasTly cde N0 Sl elide 5 S
b 59 Aol OS] sl e (gl disg
el VO g oty 005 ] 3)lge dlani wlide 45
4 (59 0 GSE S dm y o b (IS L e
Shl> 5 298 o dnslone lide 5 o) 5l ool
a0 Ll LS L sl [VF] ol +—V e 0,28
ooy (3590 Cuwd 4 gl amnin ol olgie
Fihe GanSS e | 45 S5 g (masis

Ry I

Lasly
& ol g Jlo YIFEY/VA o YUFEY/SV s 5
Wb adli boad (6,5 ofluil )15 )L md (5,135
i 5 8 )l g o8 653 8 4L Ll 5o Lot

WSl 5 S S 00 S5y gl ) ()88 18 L (e g (L)

a5 SPSS 5 8le 5 5l kodly oo ¢ 4500 (gl
a0 /00l e gyl pme e A edlatwl )
RWIPVCIRY
o}&'@/ijﬁo)&/ﬁ ‘j:'Lw;
S5 oill gl 1658 LS )l (s (2L))
¥ oSS L olod | SS9l b sl sl
oalawl e bas dile JleS calw (Nexus-4)
il ¢l A ey aliwy S ¥ g S
Sosk cpglod b Sejdnand — gy gl pasls
LU (yglaer i ol Ly ol
BS99 S o 81)55:3,18 58I o 3,5 Mlawsly 5]
0db (5y5lar Sl JiSiws cusl s Sl 05
oiely gl @59k Sl elatnl L e 2 @904
WD Jie panelS alasls a4y aodly 08> 5 ]
5 gy GB35 eJlims o ikd daodls shy
we 4 Jol ) ol 4l m}aﬂj
(BioTracet+software®, Mind Media ;3|
BV, Roermond-Herten, The Netherlands)
sy VeYY lS e Slles la JUK 0 sl
3y9 (35 923,898 o LS (6 y:Soilul sl
35 5528 55 (el S 28,5 )5 oolis
dgwo glia lguiwl  Ag-Agel oy xSl Cuas b
S pdid 0153 (S9) Jo 2] £ Crow Cand 3
5Silee sloasls ECG (slo JiSw o5 31 3
the ) B oy alold Jono S5l B
(standard deviation of NN intervals: SDNN
SN (SSlee jdome ddyy il (oo s
root mean square of) 8 b, .5 alols Jlgie

TD) 3 Al:.

>, (successive differences: RMSSD
L S8 4 s lS 5 S 5 et o
The ratio of low frequency to high)
A duwlbe (frequency
Lol )L )l asld 6,88 )5 )b (sod (b))
g Ll o 35 0 Jladl 5,Slas 05,5 g
Sy Jl ol 5> hgy ol [V F]ewl aidly
S Sl gy e 4 omels—olus Jols

AAR\% %b)‘)d})}} N oyled VO oy 0‘14,:5._"_/‘}}4 aalale 95




2 LS 95— s gej] mlis sl jolazs]
plod 5> baygil ) (2D (slagl oy 6yl dne Coglis
oolde 2 4 Wbl L jadls laolide )
S 4y G o5 (5558 )5 Ll e
D0 3439 0L (5,58
ooboln Laygilyl (o) sl Gl 4 borje mls
Joia )3 )5 Cag ol Ll )8 ) el slal

659 LS L bl b g3 0 1) (g iy dalog (slajls
oS 658,18 5L Ll )3 5,87 )13 b 9 oS

HLSHL s ls alilel ol oads &1y Jgas o
(Bl p81as) Ver b (5l JBlas) jho 0ps 5l Ll
Orolee 325 5 05 (658 )L 5L kil 5 53 5o
2 b 1y sl Jihs Slae jls obie s
5 UM @y Slos sl p5 (6,58 LS L baylyis
2 g ediitly 1y sl oy (6553 L5 5 GRS
555 s olal i & 0 (6,58 )8l Lyl
395 4y 1y sltel cp i Sloj Sl g GBS 9 AW

b ygilnl o 9 3L 658 )15k 5 05 (658 )15 )k kalpd cod L )5 )b yasliolal 4 bgiye (255 5 @l 5 (shwoy Gledbl Y Joun

Sbj S8,k SR P Lol )85 bl
p S Slol (0L Jlire Sl (5:0ke
of o0 viov Ad/A VoY 0a/¥ &8 5L
+IYOA VY0¥ yo/a Vo /Yy YY/A Slowjls
ofee /Y YVIA VE/VE a0/a S il
ofee Ve /VY SNY alye YA/ 3 Sas
ofee VA0 AM/A AR fa7A) oW
ofee WYY IR/ d VOIYA YV/Y $uwols
ofe £IA va/- olss Y/ Js 5L

S bulyd o8 o g o ()8 Cag o Lub )8 )b (asli sl 4 bgrye il ly 3T @l 5 oy Ml =Y Sy

3b5 6,58 )5 )L g oS S8
by U s 3bj 6,58, )L SRS TRt
p p p Shre Blsl ke jlme Bl Ske g S5k okl
G cogmcand (R85 L cad L
IvEs NS (AT AVIA a/av PR
N-Y AY/¥ W/ BAR s
RARY4 HARY4 AR \YaiNg AA7A) WY AA7A) e Slowe LS
RVAYA Yo/ VN Va/¥ cud
<IY¥Y of e NARA VW% Y¥/Y VYA OAN/F e S il
\Y/-Y A1 \Y/-a ov/A )
«[AYR o[\ A4 AAARS SV V-/\Y volv e 3 Slas
Vefos v/ AIYR Ao
-Ivss N Y AP VLS AY/5 WIS VeV e g W
VE/YY A+l V¥/A0 OAR b dgS
A of e NiZa Vo ¥ B/ W/ e¥ Y¥/Y o el
\WA%4 YA WAL Ya/¥ ™)
v ey A slse v/« oIvy Yo me S
VIYA AV s1-¥ Y

\Yayv %JJ‘)J})}} N oyled N oy CJI{DKM aslals o5




WSl 5 S S 00 S5y gl ) ()88 18 L (e g (L)

s Loyl (o0d Glo gl 2 ) Cugi g 8l Glor Sl IS (560ke cud 5 o Cags 53 50
(Y Jgs2) 395 )b (dne 5 Labl Laygilpl (i 390 58 by polide 5 ol

Layglnl Soidesd glo Gl ao bypo ls 9 (0I5 0y Slos (sl (olido ) i i 0 45 00,8
2oL S kg o8 68,8 L lulyd cosccul ati 1) Cgenl o i 6558 Sl 9 JSS
dg-b e oanlie & pghailen Cuol 0ad &) ¥ Jod> 0 Slawer jlidm 35 0L5 (0S8, )bl (ol
ol G g2l g B lps (Sle paSl L L aslie 1) i JBhe b g o cug
Al Sl o GBI L YL il 4 ol 155 Laygilnl ool oMl ity b ulida
SDNN (sla jadls (1Sle uSe g ccanl 4l 5L b 9 WA (6,88 Lo i & &5 200)S
ol |y pials Sl oo Gl LRMSSD 5 il ly 5000 ol ol [l 1) coanl o iy (Sl
BB on S5k Gl L oS amd e (LS a8)bg

Ol () S5 sl ySoilul il g sl mls )Ly pasld olal plas gl ygilyl (05 slo gy
ods lyd Shee (i Ol sime Colds A5O3 (o (ine ol Slawr L3 o Wb )
G yabld g SDNN, RMSSD slapadls 1o (518 Cogh 85 313 929 o g o Cugh
SBly e Ll L YL ()8 4 gl il 3 L pasls sl ples (sl laygil pl (3 (slagly
5 I8 colpiul lulyd 4 Cons (6,58 )18 pll) LS )L Jolite )31 Gizmen 398 3,1 (giae Lol )8

Sbj S8 ) Jb g o8 (85 )b bulyd cov Sijglen b lo padls oy Sledlbl Y Joue

doy )l 3bj 5,58 55 b o5 ©)58 5 ) J8 ol
Jane Bl oSk e dlpdl 0 Sle e Sl ke jlee Bladl Sk e
-18¥ YY/A VIAY A5 Vay vvis -Ivs YY/¥ (4833 ;> 4y,5) B by
AN vo/¥ olvy 00/ /oA VoA /oA volv (46 _Le) SDNN
£l 2% YIS FY/¥ A\Y ov/ #lo¥ av/ (46 o) RMSSD
AL Y/¥ Ale \iig Al Vg AT Vo LF/HF ratio

S5 S5 8 )b g o8 (58 8 )b Ly con cad g e ) Cugi )0 Siglanid le asls iy 3T s g Lheog CleMbl ¥ Joas

oy ol i)y 30 ol s ol AP T J5 colyl
SIS
& b3 b3 s ¥ o
AT T B N A T S
LGN I AL A A
-
“¥AY R NAAA I VA YIAR va/s \ARs Y¥/o VA VWY e Blys
MY VElY Y/0A INYAS YIV- A/ V- AATAr
oy [=X <Y N0y YA V¥ £e1q Y/ Al VAT Ya/f  zo SDNN
olse VY SIVE B-/F  N-I¥D WYY /AD WY s (ms)
Naki R NVAN ¢ AfY  FAL XA vy /Y £¥/ a/0d MY e RMSSD
SAY VYA SIYEYVIY SR Yaf SAY FAY s (MS)
[+¥A [oy -lhof </I$Y \A Ans Y/o AN V/o AN W  w~e  LF/HF
JYS A ) YIA IV VA 2% W s ratio

AAR\% %b)‘)d})}} N oyled VO oy 0‘14,:5._"_/‘}}4 aalale 95




A i Jlj 658 LS L ll S o oS ol
VVAY 5:5Le b (6,58 5Ls s Ll I8 )b jasls
oo 5 ol s 45 il 1) cuonl oy ey
)Lgd_\_w sdaliio ypiten LS o 3L 1) pols
Laygilpl Vg ome 45 Iys ol 45 Hluw  Slowss
2 e 0 Sles s a0 S Cus
S o Layglil (oS (658 ) 5L Ll
ooyl gl ©yge nl 3 9 2535 kbl ) el
L bl s gy opl b sles S o5 |y (6508
31 L sl s 5 5,56 5 b 5,58 )8
o> 3 ) i eyl Layglpl o 09 el
WSSy 395, el

O P Gxe glas &S sl L adllae slaaidl
5 SDNN sla Lasld wecld s sl (il
oS58 A ol (el 3 Cans ja3Ls RMSSD
byl U dnlio 5 (6,555 i Ll 38l b YL
g jlumw D) 3559 Laygilpl 0 asn g L8 col il
4 LF/HF ratio jasli 45 00 S ol o,
ol S8 5L 5L il 8l L (6l e y5b
ratio Lasls (glys od b ol asuis BMS 0
Ui 45 1555 o,lil )5 o Sle LF/HF
[o]usl (6,53

2 Sl e ) B sy g oo
ISk sl Seslatun Gialjal 4 Gl 53 ol 55
it 6yghly aiebsg Sl eslil Ly (5,
Lol by jmsd 950 an)S (il 3L
Moo g Silodd balpd le (658,18 ) (38l
hSen 5 Slgn [MA]sss csl clodnlsh b 4
B s iy Saome ialil b oS ol ol
S pdo s g cdl wlsl LE/HF ratio yasls o
Sbag [V]edl (gals a8l i (lp A8 Gl
5 B lyd (23 LS )L )58 ol 5

(=
. 17
OhSen g (M e \ °

aS aad o LS gols ) dgag aygslpl 3 de
Lo ygilnl Sujoleased slo gl o (6)(ine gl
Sl piomad D)0 D93 il g guwo ()5 Cug
o3 Ld sl oo )50k 5 ) ey Jilite
2l @l YU il 8 any gl (puilS )8 s

(¥ Jgi2) 295 )b (dme SGjglg b ozl

5 345 Aot 9 oy

Lo ygilnl (6058 )18 5k (e 56 55 adlllae ()

985 58,8 & Sloj e ailby plosl 5l U3
Slaghyy L by plodl jlae 35 5b5 (6,58 )18
il Wb )l )b padls (aad by, 9 Sujels b
2> gl p 6l Cog b p oMo
asllas (pl 8)S )8 (y 3)90 55 STglen i
KL bl sy o sl Sl s I (So
SRS Sl 8 LT Sa laygilnl 58
pLsl a8 oo el |y e allg ol & Jlej
slagl 5 Syl plagadls ol oad
Logl 4 4 (6,58 )5 b s a5 b bnysilyl (imd
Sosliwl Ly cad)S 515 oy 3)90 b so JrooS
slajls a5 65,8 )bl baygilpl bl IS 51 el
ks 658 ) Laulyd 55 () sine oo 4 4ty
2 Leyglnl g g il o5 658, L Ll
e oo pj g eS (658, )L &S (lailyd
58,8 )k bl yd 3 g iy |y coonrl g 5
ety |y coenl (gt 6585l pebide pj oL;
oS 653 LS Ll 3 oS sl gee nl 4
oYLy plss Slee 1S (oo (o b oill
b 5 8 (e &S Gloj g S Lads s
Clalill jade o bl oo Rl 55 658 5l
48 0y S (oo ol Jdin gl pl oo 3L 5 (S8
ol 3 A8 (oo b gl 5l ) (o pdan Sl Rles
A8 S e 058 |y 5y (558 ] Vs
G shalyd iz cos |y Slgy 03)les 21 Gl
aS V] )Ker g (i (Y (03] addllas > g
obis gl A8 el plen Sl o) S o 3

\Yayv %J)\jd:))_)é N oyled N oy lef{b‘g_'./'ly aslals o5




5 (o958l Mo (b <)l 4y 5 48 a3
il S i 4 5 olStn) 1o 5 4
les bl S8 (S5 L S,
plol (2l ilefl glala s 53 (o) bl
pLool 1y (6558 Casllsg ol 8l )l p3 oS cowl o
6558 LS )Ly Galis ok 3ok ) 51 B wlools
s iz glaesily 253 saneib b o)
bly LS elalae 15 slplill s 4y Wlgi e
as aallas ol Ly ol 4 0,5 )8 eolatwl 590
)L oilidl el ol (6,58 4,18 byls oS ol ol
Dgbisr pS (6,58 ) byl il b aolie )5 ()58 )8
sl adld g (d slagwl 5> Hlli8l ol
o9y shaadl 4y dagi b ad sanlie Syfols b
3 Sdes polsdie j5 Lol LS )L sl (i
oS Slojly ol gl g ey 1) coonl o 5
392 Ll b oo plonil 057 (658 )15 )b Laulyd 3 8
L 6558 )L plool bly i j0 0 )Sles oS Jbsjo
5ol (658 5l e pj ol e S8
b blyd )8 a8 Sloj o Ll 1) @l (¥t
adby oy Lili8lad e pbol ol (6,S6 Ll
S2gde b sl yiell o b e L S8
Mlg o oy opl )0 edd o)l slaasl .cusly
g blyd & Sy 3 S8 BU1 sboygilyl plo &
g (i gLy alde (Jid iy la Shy
39— S B Lo Shy 4o polaid] bhaidl
oaBpll LS p o> g Moigh luss €55 9 (50 2
Coely Jilis adlos oyl gl )05 gl Lawgs
oo g S GUT C oo (20T 581
plosl cp> bygilnl 4 &8 ()58 )15 5L gglaw o)l
A.u‘e)u.a Lmo] 9) Oﬂl BURVEYY WA o0 oz by
Ly 295 s S 31 oo g ST 20 lojlu

WSl 5 S S 00 S5y gl ) ()88 18 L (e g (L)

3 L;!Loﬂ ulf.a\aagd)muu‘)k/tbub)@ d))—\-’)-‘-‘-’-’
adlsg 93 g aaly SO plnl bulyl cod obgul

oy ol gl e iSes )b a0 )S awlds
A Cand |y (205 )5 )L sl )l5E 5 5l (g dga0me
SIS ES 5 5,8 sl ol JEases
2 Uil g B lys (gl o pials Sl
0)9> Ly dulio )3 4oy plool cp> 3 BB by
S5 b oS 5 il [Vl ol |y ol il
oy o> > S2fglgn b lagl ik Sl (89
s ddby 93 pldl o g ()L )i (3,
2 S8, 5L alEl b asm ol las bl a,S
OReli8l (o) ime ysb s B pliys (38 o) >
S yob dan BBl 6k 9 Moo
Sloj i Sl phlSen 5 (5 [V ] b SialS
9 L8 lys o lasl]y wlly s LS )L
ol 58 A aly 9 Glej 4 dily sloasls
5 ISy adsg Oy )3 1) B (lpd (65000505
9 P B Glys 203y duslie Colyisl 0)gd 93
SlObl, Giollsg 4 gl > SDNN asls ials
IV s sdalin oy lid byl yd cod sadplol
G5 by a S ol s ) LSen o STl
i 1) s glys (gl ize jobo 4 Slusle
3 odcal cewd 4 bl L Le gl [[VY] 48 e
eadly canllan YU 3 oado Ll clllas
adlas ol slacudgioe (S lacodgime
539 3ye (owp 2y90 Syl plad 09 oo o)L
albs bS5 Jly 5 angi 3y90 puin 5B gyc0! 5
2 Loygilul 6558 LS 5L B gl plosl b (s pin
hrSé sla)ls 05 9 ohye & ) lalaee
B Opopen 3 )18 (2Ll 5)90 cind oo plosl
S )L lpd (g Sloe s 4 gl ol S
pS03lal dlowg &5 (J)ygo )3 oled )3 a02)S (o
Vol (g Soilasl bl dgmse sty sl |
» S2idnidm Sl sl (colw A) G
L Gz gokaw bygilnl o5 () slalae
b Gricddas gl Xlg oo S (0 o5 |y ()58

AAR\% %b)‘)d})}} N oyled VO oy 0‘14,:5._"_/‘}}4 aalale 95




Ea .L@ A

B S5 i gk ol

&l

1. Hwang SL, Yau YJ, Lin YT, Chen JH, Huang
TH, Yenn TC, et al. Predicting work performance in
nuclear power plants. Safe Sci. 2008;46(7):1115-24.

Y. Di Stasi LL, Antoli A, Gea M, Cafias JJ. A
neuroergonomic approach to evaluating mental
workload in hypermedia interactions. Int J Indust
Ergonom. 2011;41(3):298-304.

Y. Jo S, Myung R, Yoon D. Quantitative prediction
of mental workload with the ACT-R cognitive
architecture. Int J Indust Ergonom. 2012;42(4):359-
70.

¢, Colombi JM, Miller ME, Schneider M,
McGrogan MJ, Long CDS, Plaga J. Predictive mental
workload modeling for semiautonomous system
design: Implications for systems of systems. Syst
Engineer. 2012;15(4):448-60.

°. Miyake S, Yamada S, Shoji T, Takae Y, Kuge N,
Yamamura T. Physiological responses to workload
change. A test/retest examination. Appl Ergonom.
2009;40(6):987-96.

6. Wiebe EN, Roberts E, Behrend TS. An
examination of two mental workload measurement
approaches to understanding multimedia learning.
Comput Human Behav. 2010;26(3):474-81.

7. Felton EA, Williams JC, Vanderheiden GC,
Radwin RG. Mental workload during brain—computer
interface training. Ergonomics. 2012;55(5):526-37.

8. Lin CJ, Hsieh TL, Tsai PJ, Yang CW, Yenn TC.
Development of a team workload assessment
technique for the main control room of advanced
nuclear power plants. Human Fact Ergonom
Manufact Serv Indust. 2011;21(4):397-411.

9. Lin DY, Hwang SL. The development of mental
workload measurement in flexible manufacturing
systems. Human Fact Ergonom Manufact Serv
Indust. 1998;8(1):41-62.

10. Ryu K, Myung R. Evaluation of mental
workload with a combined measure based on
physiological indices during a dual task of tracking
and mental arithmetic. Int J Indust Ergonom.
2005;35(11):991-10009.

11. Ntuen CA. The application of fuzzy set theory
to cognitive workload evaluation of electronic circuit
board inspectors. Human Fact Ergonom Manufact

5 41 e S5 58 gt

L85 L5 U shagill s o ol 3
Lok 68,1 5 o5 ()58 ) Ll 9 2 (s e
Ol381 L 39y e el S oo 425 Cugi b 3
9 4k ORIl oyl 5 ()83 (Stud 5 dils
I8 beos Yleas! o] )3 baygilpl Slgy oD
L 5 08des &8 Cunl (90 Sl gy el jl S
oSl gy 63,5 i S5 16 gl 1, 6,55
U5 U1 g 055 ot | loygi) )
Sl (295555 Al S (sl 0gMe S8l
i) )3 Laygil pl ey 53 (Slgy ol o e
155l o lawgi a8 olaablis slus oS W dlgiddy
S el plosl (el andl iy LialS 1) 395 e vl
Sl S8 gL sl e ygilnl i plaseil
Sl p3Y

Bk il laulyd ps Sls s gl s Y
(i oS 3 el Cle ) Sl oo o5 (S8
4 il L g bl aisls by g ciolay slas, b
o Gl d iy a8 el gl 5l sl
igled plidl ISl Jor &) (o ©j50

2 e SCaly ol & deg b slpaiy Y
Deitet e i S lngolis daghlis pla
Sl aS oladbll 4 cous w5)b ) SIS
plod (il o &y 9 g yaSedio i)l (g yieS
WNigas oty 531 5]

S Grpdee Jy8 gy L glSel ©j50 3 ¥
abjo oS b Jloy 68 )1 klyd o oyl
)5 )L Jreod b aiiS odlitnl (s 2 ©)90
D9 e byl 4

PG g g
sl ol obb 5! T a4 Jo O—-’.‘
P9_1.C o\i
o=l o sl e AY Jlw o Gl ea b5
o—lplssl plil e S JL_uS pl_wi
Joime jl (—iman g By ()l i mg

A (-5‘ ’EP . lw

Sola <

\Yayv %JJ‘)J})}} N oyled N oy CJI{DKM aslals o5




IR 3550 S5 )3 aygilpl (6,58 )15 )b e g (o L)l

Serv Indust. 1999;9(3):291-301.

12. Hwang SL, Liang GF, Lin JT, Yau YJ, Yenn
TC, Hsu CC, et al. A real-time warning model for
teamwork performance and system safety in nuclear
power plants. Safe Sci. 2009;47(3):425-35.

13. Liang GF, Lin JT, Hwang SL, Huang Fh, Yenn
TC, Hsu CC. Evaluation and prediction of on-line
maintenance workload in nuclear power plants.
Human Fact Ergonom Manufact Serv Indust.
2009;19(1):64-77.

14. Hart SG, Staveland LE. Developmentof NASA-
TLX (Task Load Index): Results of empirical and
theoretical research. Advanc Psychol. 1988;52:139-
83.

15. Hill SG, Iavecchia HP, Byers JC, Bittner AC,
Zaklade AL, Christ RE. Comparison of four
subjective workload rating scales. Human Fact
Ergonom Manufact Serv Indust. 1992;34(4):429-39.

16. Izadi laybidi M, Mazloumi A, Nasl Saraji J,
Gharagozlou F, Azam K. Assessment of mental
workload Air Traffic Controllers based on task load
factors in Air Traffic Control simulator. IOH. 2016;
13(4):39-48. [Persian].

17. Cinaz B, Arnrich B, La Marca R, Troster G.
Monitoringof mental workload levels during an
everyday life office-work scenario. Person Ubiquit
Comput. 2013;17(2):229-39.

18. Reimer B, Mehler B. The impact of cognitive
workload on physiological arousal in young adult
drivers: a field study and simulation validation.
Ergonomics. 2011;54(10):932-42.

19. Widyanti A, de Waard D, Johnson A, Mulder B.
National culture moderates the influence of mental
effort on subjective and cardiovascular measures.
Ergonomics. 2013;56(2):182-94.

20. Knaepen K, Marusic U, Crea S, Guerrero CDR,
Vitiello N, Pattyn N, et al. Psychophysiological
response to cognitive workload during symmetrical,
asymmetrical and dual-task walking. Human Move
Sci. 2015;40:248-63.

21. Shi P, Hu S, Yu H. Influence of computer work
under time pressure on cardiac activity. Comput Bio
Med.2015;5:40-58.

22. Zhang J, Yu X, Xie D. Effects of mental tasks
on the cardiorespiratory synchronization. Respirat
Physiol Neurobio. 2010;170(1):91-5.

AAR\% Q&ﬁ':)‘)mé))):! N oyled VO oy Uw;b’._"_/‘w aalale 95




Abstract \

Subjective and objective evaluation of operators’ mental workload in a
city traffic control center

Majid Fallahi*', Majid Motamedzade?, Rashid Heidarimoghadam®, Maryam Farhadian®,
Fateme Abareshi’

Received: 2017/02/04 Revised: 2017/09/19 Accepted: 2017/11/26

Abstract

Background and aims: Modern technology has imposed more cognitive demands than
physical demands to operators in most workplaces. The increase of cognitive demands in
real working conditions can have negative effect on the mental health and performance of
operators. This study was coducted with the aim of subjective and objective evaluation of
operators’ mental workload in a city traffic control room.

Methods: In this study 16 opeartors of a traffic control center participated voluntarily. In
setteled day at resting condition the physiological indices were measured for 5 minutes
before the work started and after it was finished for each operator. Regarding to the city
traffic density (low and high mental work conditions) the physiological indices were
measured for 5 minuts in each condition. Also at the end of each condition the NASA-TLX
questionaire was completed by each operator. The data were analysed using t-test and
repaeated measure analysis of variance by SPSS.21 software.

Results: The Results of our paired t-test showed a significant differences between the
subjective responses of operators in all dimensions of NASA-TLX except for physical
demand in low mental workload condition compared to high mental workload.The Findings
of the repeated measures of ANOVA showed that there is a significant differences between
the mean of heart rate, SDNN, RMSSD and LF/HF ratio features by increasing difficulty of
mental work compared to before and after rests among operators.

Conclusion: Our finding indicated that with increasing traffic density a lot of mental load
imposed to operators maybe causing mental health problem and decreasing performance
among operators in future. Therfore, in the traffic control room, organizing and managing
human resources based on the workload in different working conditions is recommended.

Keywords: Work load, Heart rates, NASA-Task load index, Traffic control center.
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