International Journal of Iranian Urban Design Studies.1(2):243-268, Fall & Winter 2025

IRANTAN

URBAN International Journal of Iranian Urban Design Studies
DESIGN (1UDS)

STB%)IES ) . .
https://iuds.shirazu.ac.ir/

ABRIDGED PAPER

The Application of Neuro-Urbanism in Urban Design: Evaluating the Effects of
Visual Complexity on Pedestrians’ Neurocognitive Responses’

Amir Shakibamanesh® *, Narges Ahmadpour %™

1. Associate Professor, Faculty of Architecture and Urban Planning, Tehran Art University, Tehran, Iran.
2. PHD Student, Faculty of Architecture and Urban Planning, Tehran Art University, Tehran, Iran.

ABSTRACT ARTICLE INFO

he rapid growth of cities and the absence of effective regulatory frameworks, have

disrupted the reciprocal interaction between humans and built environments. | Received 04/10/2024
These challenges have compromised cities’ ability to address the cognitive and | revised 05/11/2024
physiological needs of their citizens. Neuro-urbanism, as an emerging approach,
integrates urban planning, environmental psychology, and neuroscience to analyze
neural feedback from the brain in response to urban environments, aiming to | Available Online  19/01/2025
restore positive human-environment interaction. Among the various factors, visual
complexity -directly linked to human physiology- can be reexamined within this
framework from a novel perspective.
This study explores the concept of visual complexity in urban design, introduces
the optimal spectrum of visual complexity, and identifies the capabilities of neuro- | Neuro-urbanism
urbanism in examining this environmental factor. Recent studies in neuro-urbanism | visyal complexity
reveal that the relationship between unity and diversity in urban environments can
be assessed through the analysis of neural processing speed for visual data. Empirical o
evidence indicates a direct correlation between beta waves and the complexity of | Neurcimaging
fractal forms. Data obtained from electroencephalography (EEG) demonstrate that | Virtual Reality
this tool can effectively examine cognitive experiences related to unity and diversity
as well as neural processing speed. Additionally, theta frequency oscillations in
frontal and prefrontal areas show significant associations with cognitive functions
such as working memory, episodic memory, and spatial orientation. Increases in EEG
signal amplitude often signify reduced salience of environmental elements, while
decreases in amplitude indicate heightened salience. Finally, technical limitations of
neuroimaging tools in real-world environments -such as sensitivity to environmental
noise and movement- have been identified as major challenges. To address these
issues, virtual reality (VR) environments are proposed as innovative tools to control
environmental variables and mitigate technical constraints. This approach enables
systematic manipulation of visual complexity variables and enhances the accuracy

of neural data recording.

Highlights

— Introduction of the visual complexity spectrum in relation to the urban form, rather than the abstract
stimuli commonly used in laboratory studies.

—  Presentation of neuro-urbanism and its methodological potential as an emerging interdisciplinary
approach with applicability in studying visual complexity.

—  Examination of various brainwave recording techniques, with a focus on electroencephalography
(EEG) as an appropriate tool for studying the neurological effects of visual complexity in the urban
form within the framework of cognitive electrophysiology.

—  Collection and analysis of electroencephalography studies related to the visual complexity spectrum,
and the introduction of key factors for evaluation.

—  Exploration of technical and contextual limitations in the neuro-urbanism approach when studying
the visual complexity spectrum in urban environments.
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Introduction: Throughout history, the reciprocal interaction between human cognition and the
environment has played a fundamental role in shaping the built world. Influenced by natural patterns,
human cognitive structures have been instrumental in organizing and systematizing the surrounding
environment. However, in the modern era, the rapid expansion of cities has disrupted this long-standing
interplay. As a result, contemporary urban planning and architecture, failing to align with the intrinsic
cognitive structures of the human mind, have given rise to built environments that negatively impact
psychological well-being. The inefficacy of regulatory frameworks in guiding urban growth, coupled with
the dominance of automobiles and the neglect of pedestrian needs—particularly due to differences in
visual complexity perception at varying speeds between vehicular and pedestrian movement—has led
to two critical consequences: perceptual overload due to visual clutter and the absence of essential
sensory stimuli necessary for pedestrians’ functional and physiological needs. This highlights the urgent
need to address the physiological and cognitive requirements of urban citizens, especially pedestrians,
to enhance public health and functional efficiency. Within this context, visual complexity emerges as
a key factor directly linked to human physiology and presents a pressing concern for contemporary
cities. Simultaneously, recent technological advancements have facilitated the development of precise,
portable, and cost-effective tools in neuroscience, fostering the emergence of neuro-urbanism as an
interdisciplinary field. Neuro-urbanism integrates neuroscience, urban design, and environmental
psychology to examine how urban environments influence brain function and human behavior. This
field seeks to bridge the gap between urban planning and the physiological and psychological needs of
individuals by analyzing neural and cognitive responses to urban forms. By incorporating physiological
and cognitive data, neuro-urbanism provides insights into cognitive processes relevant to urban design,
fostering environments that better align with human neurophysiological patterns. The objective of this
study is to explore how pedestrians perceive the spectrum of visual complexity in urban environments
and to assess its functional impacts, such as the formation of cognitive maps. Additionally, the research
examines the health-related implications, including stress responses and physiological reactions to
perceptual overload, using a neuro-urbanism approach.

Materials and Methods: Despite a long history of research on visual complexity, defining and
quantifying it has proven challenging. Consequently, visual complexity in urban spaces, especially
from the perspective of moving pedestrians, has rarely been studied systematically and quantitatively.
Therefore, it remains unclear which urban environmental factors influence visual complexity perception. To
address this gap, this research first conducts a literature review to define the spectrum of visual complexity
in urban environments. Visual complexity can be studied in two main categories: Experimental studies that
use artificially created stimuli or examine complexity within real-world environmental contexts and aesthetic
studies, which explore the intrinsic relationship between complexity and beauty perception, providing a
foundational framework for measuring complexity. A synthesis of previous studies highlights the preference
for a moderate level of complexity among users. Research on “good visual complexity” emphasizes achieving
a balance between order and disorder, often referred to as “unity in variety.” Findings from urban studies
suggest that cities should ideally maintain a moderate level of visual complexity. This study also introduces
neuro-urbanism and its methodological potential as an emerging approach in visual complexity research.
Recentadvancesin neuroscience have shed light on underlying neural mechanisms, offering new perspectives
on how environmental design influences the human brain and body. Consequently, visual complexity and
its organization should not only be regarded as aesthetic issues but as elements fundamental to the human
nervous system. Neuroscientific studies have identified neuronal locations and brain mechanisms responsible
for complexity perception while providing insights into physiological and cognitive processes associated with
navigation in urban spaces. Neuro-urbanism examines how urban complexity (e.g., architectural patterns
and textures) influences cognitive processing, emphasizing the need to strike a balance between stimulating
and monotonous environments. Various neuroscientific techniques, including electroencephalography (EEG)
and other cognitive neuroscience methods, are utilized to explore these interactions.
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indings: Following a review of different brain wave recording techniques, electroencephalography

(EEG) is identified as a suitable tool for investigating the neurological effects of visual complexity in
urban environments. This preference is based on EEG’s: High temporal resolution aligned with the rapid
nature of cognitive processes (millisecond-level precision). Direct measurement of neural activity, unlike
fMRI, which relies on indirect measures. Multidimensional data acquisition, including time, location,
frequency, power, and phase of EEG signals.
This study also reviews technical specifications of EEG devices, highlighting electrode density, type,
portability (wired/wireless), data acquisition software, and sampling rates as key considerations for
researchers. Additionally, it examines experimental design aspects crucial for accurate EEG studies. A
systematic review of EEG-based research analyzing visual complexity perception is conducted, focusing
on neuropsychological applications. Based on previous findings: Increased visual unity enhances
processing fluency. Theta wave oscillations in the prefrontal cortex can be used to assess working memory
performance, episodic memory, and navigation difficulty. Higher EEG signal amplitude indicates reduced
visibility of environmental elements, whereas lower EEG amplitude suggests increased perceptual
salience—a factor directly affected by complexity. Additionally, EEG studies have been employed to
investigate spatial perception processes in urban environments, offering insights into how pedestrians
process movement-related visual information.

Discussion and Conclusion: Technical limitations pose a major challenge in the neuro-urbanism

approach. The integration of neural, cognitive, and environmental data requires interdisciplinary @0
collaboration between neuroscientistsand urban researchers, yet differing perspectives across disciplines %‘ﬁﬁfﬁ
complicate consensus-building. One primary limitation of EEG in urban settings is its difficulty in capturing £ BII (€N
the dynamic and fluid nature of pedestrian experiences. Another challenge is the complex interplay of SE%IES
multiple variables influencing visual complexity perception. Additionally, contextual variability in neural

responses due to cultural, social, and environmental factors presents a methodological challenge.
Despite these challenges, EEG remains a cost-effective and high-resolution technique for studying
visual complexity perception in urban settings. EEG can also objectively measure subjective complexity
perception and assess memory-related neural activity. However, due to its technical limitations and the
necessity of controlling confounding variables, virtual reality (VR)-based research is recommended.
Using VR in EEG studies allows for: Systematic manipulation of environmental variables while controlling
factors such as familiarity, lighting, and non-visual stimuli that influence complexity perception.
Simultaneous EEG data collection in controlled conditions, reducing interference from urban noise,
temperature fluctuations, and other external variables. Eye-tracking integration, enabling researchers
to assess gaze fixation, attentional focus, and direct interactions between visual stimuli and neural
responses.
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The rapid growth of cities and the absence of effective regulatory frameworks,
have disrupted the reciprocal interaction between humans and built environments. | Received 04/10/2024
These challenges have compromised cities’ ability to address the cognitive and | revised 05/11/2024
physiological needs of their citizens. Neuro-urbanism, as an emerging approach,
integrates urban planning, environmental psychology, and neuroscience to analyze
neural feedback from the brain in response to urban environments, aiming to | Available Online  19/01/2025
restore positive human-environment interaction. Among the various factors, visual
complexity -directly linked to human physiology- can be reexamined within this
framework from a novel perspective.
This study explores the concept of visual complexity in urban design, introduces

the optimal spectrum of visual complexity, and identifies the capabilities of neuro- | Neuro-urbanism
urbanism in examining this environmental factor. Recent studies in neuro-urbanism | visual complexity
reveal that the relationship between unity and diversity in urban environments can
be assessed through the analysis of neural processing speed for visual data. Empirical o
evidence indicates a direct correlation between beta waves and the complexity of | Neurcimaging
fractal forms. Data obtained from electroencephalography (EEG) demonstrate that | Virtual Reality
this tool can effectively examine cognitive experiences related to unity and diversity
as well as neural processing speed. Additionally, theta frequency oscillations in
frontal and prefrontal areas show significant associations with cognitive functions
such as working memory, episodic memory, and spatial orientation. Increases in EEG
signal amplitude often signify reduced salience of environmental elements, while
decreases in amplitude indicate heightened salience. Finally, technical limitations of
neuroimaging tools in real-world environments -such as sensitivity to environmental
noise and movement- have been identified as major challenges. To address these
issues, virtual reality (VR) environments are proposed as innovative tools to control
environmental variables and mitigate technical constraints. This approach enables
systematic manipulation of visual complexity variables and enhances the accuracy

of neural data recording.

Highlights

— Introduction of the visual complexity spectrum in relation to the urban form, rather than the abstract
stimulicommonly used in laboratory studies.

—  Presentation of neuro-urbanism and its methodological potential as an emerging interdisciplinary
approach with applicability in studying visual complexity.

—  Examination of various brainwave recording techniques, with a focus on electroencephalography
(EEG) as an appropriate tool for studying the neurological effects of visual complexity in the urban
form within the framework of cognitive electrophysiology.

—  Collection and analysis of electroencephalography studies related to the visual complexity spectrum,
and the introduction of key factors for evaluation.

—  Exploration of technical and contextual limitations in the neuro-urbanism approach when studying
the visual complexity spectrum in urban environments.
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Figure 1.1 EEG signal and corresponding bands.

Lsye sl s BEG (slaJUSw ¥ JS5




VEV-YIA Oloxio /Y 3l .V 0350 V€Y Oltuns) 5 30l

BY R RV S PR T FUL v ROy

13 et JUIS 5y gl &S el oas S5 —Cl 4 ++Ca K ANa clapys 5 Lides jio o SoSh ooy
Al ol (S Sun (ol 53 g oo ey 9 oo S-S Luié il lwgi 48T (e 53 0999 Lo
o> oS 3SI eln S el (e sLmosims Jlis] gly ) Jol b S ool plisws ] iieo glosl ol
0yt ySgupels ALl )3 g g Mg g0 gl Sy Ladg Sl Ly edig S o (bl j Gy bangi 45
=) Jdosigas s gl oy SO g diud el pé 3 Ly EEG sla UK (Sanei & Chamber, 2013:7) 1555 o
LS (3558 Y31 L (55,3 A Uil sl €y (o5 ol 43 5 oy 2ty 53 (55 b i
e il lacdls Ly Yoaxe Lasily sl j Sy 55 i Lilsél (55,0 AF) L5 (55,0 $=+) Lids (Hz +7+)
STl lajls L laie L L o ial)] looj 50 L 0 s dian i 4 ko) Lall (slaculed .ol erglise
s Slae Uy oysizmod L5 cllisgs ogMeds ., Sogilss Ly L5 g 3> byl §vae wly—s Ly Ll sl oo i3l
L by blod 5y, Slae cusd §ubey olgs o Jlie slm (Mavros et al, 2016: 193-194 ) cwl b,  beas
badigjlodnd bz p3 Sl 25 (wyp s EEG S5 3 )bojl 1) (o0 e S 93 500 sl gyl el
(Karandinou & Louise, 2018: 2 ; Mavros et al, 2012: 648) 5, 5" —w,p s

oinlofl U5 08 (o ) baipo Ciliseo slm o)l 05290 galio g (st 3)50 Alins d azgi Ly sl By
=5 & jl) 25 (B Ll (S5 EEG slaelRis bl (BaiSadys 098 ()b (534 EEG
sl l3le 5 Ly olyam ot § s (sLm pl ol 5y it (glmg Sl g S (glmag ySU (YL IS Ls
(Jo> JoBB EEG (glanolSiis jl (glaegamo dims o aslyl Laodls s alos 5l cogliiie (sla Sio Lo o3> (gygla—on
el od s (gyglaen Jodn S B j3 aall )3 8 Slas e ol pandy i liso slacS b bawgi od by

oBuS e g EEG slaolSwss wlifs ) Jgio

Ty olKuws

Jols aS s md o 4l Gliacl pgle wlaiss <, BEEG )56 (EGI) .« Electrical Geodesics Inces’
Net o as Laoshy (g jglaes Jljble 5 .l S V05 ¢ VYA SF &V L Geodesic Sensor Net ¢l S &5 EGIEEG
Dy g0 03wl ERP S JUSw gl o EEG pls glaooly oo (gly Station

vfE Discovery s« DC , b Lol 5 a JUisYF EEGolsi_ws « BrainMaster Technologies Inces’, s
Jols 4 el (oS dujm 9 YU caS L Soniden EEG g QEEG i S piaw o) ol o3 4wy BrainMaster
sl murbolite 5 (6595 Ag3l USB bl g 2YF Jltowd 4 Solbl (slaJue o5 jmagi do ols Lo B Lol EEG

.))IJ FLJ DiSCOVery ol g)-"l ‘_;‘)..1 )@)Lw L;l_m:.)l) ‘5)515“"? )l)'_élf)i

I3 gt ol el 03> dnwgs JUI FA o 7Y VF VY Juls EEG ¢lagiws MITSAR Co. Ltd s,

5 EEGStudio Jols Laesls s yslaz J5-3lp 5 it & YE L5V AD Loy 55,0 Yoo+ (5)l3)digei €55 ME;ES([;R
gy 0,8 4 ERP S J o 5 ol | dog woclage Jdod dLajlige « X ild ¢l 4 S el WINEEG

5 Y+ Enobio & Enobio lapl 4y JLSK 4 ssis Ly eew o EEG (lagiww Neuroelectrics s,

Neuroelectrics Instrument Controller sLs 4 Laodls gyglaos 5l5—3lp 5 .an3 0 4], 4 JLISYY Enobio Enobio EEG

dlﬁm—g—uu.u} &9 A—"?"g;" 9 .\HL;Q oslaz_ol Starstim dl.bc&'_mb 9 EEG Enobio d‘-m(v‘-—““-“’ dl)_> ((NIC
29— |, > Windows y Mac

4wy EEG (claody g js0 S 6 )8 by ¢l |, EPOC U oo o EEG i Emotiv 8,5
M el W e 4 5,Ls JoB (6,5l 5l edlitwl L g el a3 30 ¥ g EEG Seis V¥ ol i ool .ol 3y Emotiv EEG
gy )5 4 BCT (laol%iind S 5 Lamodls 5,55 l,» EPOC Control Panel ,l; slp 5 .05’ o

JBSYY 5 el S a8 sms e a1 Arc Essentia pU « EEG qiws « Cadwell Industries Inces’ s
o Sl s 7 g . . . . Cadwell Arc
J)—A.AS 49_».&._:‘9 ]a_f..o 4 )Ju Laoaly d)glw )‘)_Q‘rw)J el )_>).h Bes—Y0- d)lb)_gdu’u Zr°9 JL:B fo S \ l_g
. : . 7 EEG
wliol (5l 808 5 LacSy (asis deodld (¢ )slas

L EEG (Laosls aslys o 4 S el o3, S sl b 1, eeg0 sports 4 JLSsY , 16 Ll ANT-Neuro s, s

Lol d)g"é—a} bl s 6)916—“? Iy 9o (—SO59)0 48 (slmosld g (ulndgd EMG s U YL, I EGOSPORT

&)ty oo g LS poomad ol S ild Jalid g5 (sloslw (6, Ly 48 el eego software EEG
Cln S




Ig

VEP-YIA Ooloxo /Y 03l ) 0y50 V€Y Oltass) 5 5wl

e Sz Ol 515 e (2 30 (53 g 1990 )5

oBuS )y s EEG leolSiws clizs ) Jgis dabdl

) oV ey s DC b Lol 5 JLé JUK YA- L1, EEG Active Two System i BioSemi s, 5
Ol uwbawly Laodly (gyglaas lidle 5.l JUIK /35,mlS VLY I o)l jmdigns &0 syl — RS PR BioSemi EEG
aile By, 20 EEG (cLajl38la 5 L g 5l 0,33 BDF s s 3 1y Laodls ailgs o g el LabView  —ogiasli p

A8 1,8, bl Neuroguide ; BESA

Aomd e 4y |, NuAmps 4 Siesta Grael SynAmps RT «alesjl  —aliss slagiwms NeuroScan «s i NeuroScan

A il Lo JUS s EEG g ERP (Lo oo plssl ay 15L8 gt oyl 95 s o3lit il

Vo s daly g o VY cBy L |, Mobile aJbisYY v o EEG i « BIOPAC Systems Inc s,

AcqKnowledge ,l5-3ls 5 (clyls 5 328 o o3lil Ol (cLasg xSl 5l Laosls s (gl wimmmms oyl Aomd so 451)] 4o

L EEG (glwSinlon gl mimer ol cosizpan 20 ) U S5 5 Lnjliige oo €l a5 o
S o ol el Sy JUIS ) EanS e, 5 clagel

BIOPAC EEG

o) Ll 05501 o omnlyd 1y sBly (glid ) il s o J_sl_e EEG (sleolKiws (s i olalllas ;5 (S obay
slacodgise Jdods daolSiwd plow )l (ol 09, xS B Vo ome wiloa s b poio o ©ysody 45 ol uwd
SRS Big=> Ol )Simggy a5l 5,8 gejlad ldllae B )5 (gilome coplly e 3 5 2l tilej] (gluad )5 (ST
i ol ozl j3 djlas 1 ipree | (=S5 A S Ol 1y cewlio ol Cunly o D53 o} Eodge 4y A Ly
3b) YU (J& LEEG I L (55,=SUVE L 0,801 V8 g, SU A ale) oyl (IS U EEG .l jL5 3 )50 59,251
dyg0 b 48 23ld unld comlo g 395 plodl b a8 daabg gos yinlejl Glaal ab i (59,1 OVY o YOS VYA SF
P=3 .))|9_n Jml_w c.))‘.) D929 i &9_’ 9o L)_’] )1 &_i_’).ib )‘ oalaiwl d|)_s as u_ul:w 9 l_,l).o 39_“"@ ul_’xul ‘3)—.'5 )‘)_9 =)
]
O35k glslely (gl gyt oloj Lol s (gL olas s YL J&s LEEG g -
J318) (o Soilsmrt (025 Sl cpy €S ) (o Kol slmeslas] s S ol 1 lgiogn YU, NSy slnsgill -
S aloul )y ((abolinog yiSJl
ol g il e JUSw aolio (gl yol o) aS il 15 Sa 68 Ladg xSl oy dlold YU, I UL EEG slapiwaw -
8yl loodly 48 Lixe O_g.‘ At (6l ‘_S_SLQ)' 9 L_s—’l“’-e ceBy gl OLn)’&m Y ‘_s_lli> L EEG S -
a3, jl S Bl slacan 5 Sy B IS5 (silwopsd Alabls 4 Linnls 48 39 500 lasid
i sl ol (I U EEG (lapimm 4o Cuui (s ybw &3 ol JLod
9 ydgde Lg)‘)_.@ha): 9 d)lplu.’x_w S| 9 Vg o d)l._\_.slb‘) PR u_»l; U—H§> [ EEG dlﬁ’m—*“w‘" J_)LQA N -
A5l g A e
D oo s a by JUK ;2 3 aS cowl (oS jolie sl (6)b jmdiged 0 il (g0 mdiged Fym 1500 350
G mdiges 55 e sl i BEG ks Slej By il )5V (6o, mdises Fys dnyb a5l 1o )0 dSged VWA Mo
EEG Lo ¢l YU ()b ymaiges ¢y ol (g CPU [Sijls g g picnw ddadls o5 (ojlwo pid dladls siojls YU
(Malik& Amin, 2017: 25-28) .l cwlio i solisS

iabejl e (B15b Cooa!
Slisdss S te 1 ais SO sl deaiale] p3 S o (b 1) —iulejl Siiulejl U oo s b SO inlesl (6l o
g il ey 930 aole BEG wlidsxs 50y b d)_éfo)'lx'l GISwd )] Aol e g 29— o (4w
L boly s ym 3 oauSes 5 Ve L5 o8 gexo EEG sla ialos] ol coglase bayly s Ly Lo yiolojl sliss ay aius Laosls
oSS 5yl asb 4SS Slailesl slasi g iolesl Sl 451 85lu) a dtus GBS S s Slaas Sy LS 5)g0 09,5
dg>g0 AS_N.;|9'>U slaing ‘5)1_,»5[., dl)_g GSLM’] sl oM aejls pls EEG‘O_;.I = 09)e ol Cglaio g d)?‘é““«’




VEV-YIA Oloxio /Y 3l .V 0350 V€Y Oltuns) 5 30l

BY R RV S PR T FUL v ROy

S 1y5 S slso) e (gl (o3l ) oMo 3y 0 EEG cwydb jislojl —slb ¢yl ply ool JUSu 5
D9 y e (6 y Sz Ay g dbly oy Lol pands 48 i md asl)] 5ol L aiad gl |y sl pi A b Sl ol
(Malik& Amin, 2017: 4-6)
sl 5 2 oA 2Lk e Shlefl S sl S
o] Ol lawgy Weisl (ly OL»T P )i.wlo)] Slp 5o s oy godl -
tJalse Sl laais glagyess )l g pols glans b geil ol ptalefl (2L -
Giolojl bwgs jioline (slacglis olwlus cubl § jialosl (! (ol auja JBls -
S s g Lol LloSa o0 sl iyl -
. (Malik& Amin, 2017: 4-6) yixe sla s pSams oSl -

Sl U Lacsas,l ) 5l o L a4 plssl Laiolejl 51 318 sl s asb iy, Ly b b0 EEG ioljl S&
Syt 48 MM g less] il dad BunseS b 4 b Jaall g A1) ilejl lsjne Lal dsbculs,
OSon WSS inly bl s s eiSeS 5 S a S Sham)d wed Coley S e dloul ) 5se )3 0ad o i
(Malik& 53,5 55 105 3l cwd I L Sagllilgs a0 S dapopue SIS s 1555 595 U3 jlad el
Dy daled Jlsw 5]y mols a8y, ol .Amin, 2017: 28)

BALS S i (6 3wodle]

OB ES 55 o ytod Sy dn dng L) Ginlejl Aol Simgly g 395 0T Lislefl (Sloj dslyy 5l anl eas'es 5
odlaiul 51 L s g0l 1y 595 (slinge oanSeS s a8 il ool aojls ba s > edlaiwl 3,5 0 EEG oSy 451 .00 plssl
oas odloal Lyilojl 5l B Loyl oyl 5o 0aiiS'eS b 4S 59 tabae b S imgh Wmles (61093 el Ly 5 5
oaSeS s o iolojl 5Ll 5l Jmd (o s e Jlb (IS g 0908 dile ola Sa g ity o 3 Llgs A le) ol
oy Sy 35 Sy o po e ISy 51 L5 09 plaialy i logl plodl 4, o (ialegl cigllog 8,10 JolS )5 boay a0,
1_0:95&.,.:)1 i3l Coo v lie Jalse 0l 59 59 (Malik& Amin, 2017: 28) 555 (6, Ssls b sy 5 a8
Aad o SioalS 1) aols coBd g a8 o lgin 1) mals Jdos e e (i cdled 5l cgliize Lo Ly by JUS,w)

TS (559092 509 pSIN (S 5893 ;3 Jglaio ol e (5,15 polu

Ewslg) aelirin 5
il Lo 311y Slsluan) 5 1ol s o i L 4y s p3ym0 LiiiST 05, (s 4yl gy ol jius g 5]
Sinots llao )3 g i 500l SoSedgn [ ne (o s L alpen 3 0ges Jlss Sl |y Lacl g3, S
Aoy (S e glaeols an ol 8l b sla STy

b gbeuws

loaiss skl (cla yiolosl CdB )3 95,5 oo )y 5 ooliiul 3,0 alibls g ang 4 iile Bl lacubls b5 ol
g o Ll s gme 9o dy S Ygano 45

S Sl Jdod )3 (sl gy cuas b 2,8

jre s gLl g Lagg)g Cbge (olwlid 4 3-890 (—wliduas claging (saJl (Saom L bLS)
Bamd i g ol 002 4]y 6 as (el e Ay i e Ly Ui imads opmtl 235 les oo (5Sos |y (oS S1ol 48 wiloas
Yl Agpn 53 sl 3lato 5 5aS 5 5 e giodliss S ey ol e )3 (e (oot b s Sy
Oz 3 lsjp pasdi Aejls ¢ Jatme jeS gyt SIS 0,08 00 B Jdigan o 2)9— (Sl i ealls
Syl > (ae sl jlie & a5 olwly (Donderi, 2006: 89) siiwa (5903 pimmms) (51,0 (5 53b ol podl il oo
B o - 8bco 48) (gely sl gl led Ly 3llae (gl e 4y (53,555 slaygyp S 68U ST (s




VEP-YIA Ooloxo /Y 03l ) 0y50 V€Y Oltass) 5 5wl

St Sl 5156 et (5215 59 (83 g 95 518

cew cdld U oye 35k s 8100k ashl as s L sg i o (6 0a S 5 sy Hlie o e aons (o il (s
3 5V e (sl )95 (i YLl (ol e omaaii) (63459 S "€ 9 poanilSe il ails il (63459
slize (cLadysd il Ly i Legasme g dewbre st i (cliyl 45 aimd o |y Sal sl 5 08 o atl b jlae
(83939 32 (S Ol D9 oo G Jlae 0,5 Ty cdillas (63955 Ly cled )3 3)53 5L 45 (el 5 4SS oo SLox)]
Sl pyasg sl (ol (Donderi, 2006: 91) 5,5 s algs x5 S o 0]y 4S5 Sl il b oloscds (6pua
u_’l.\.b A>gf d_’)b)l > (5399 )] u—’b)f"efl Semd o ul_w.: u_g‘).ll wl)ndl_wlw 2 DA_‘.S‘VJQJ U_LQLG u|9_a&4.: 1) S y—a
DS oy VS|l o e (550 b lgieds d gl e Suuz o pls (Donderi, 2006: 93) 545 o

i 4S5 (STl Sl (il loieds (g (52955 12 (S 45 Ao G (ST A S0 lahng; ples
Al i S 8 g o Colia dn gy 5ol w6349 5| (b jpleel (Donderi, 2006: 91) 555 o e Sy e
Syl x8lan 10« Loy a0 g5 Lagdgyg pluw jl clae ay y 5ve Wl o Sl o) 50 35590 d s oy oS B
TSl s i (6 yS0b 5l b lgisdr 4yl S pe Saom o plu (Donderi, 2006: 93) 4S8 o ol 1y 4ol ]
s G bl Laans 3 ool aSbuljl g b oo sy L o8 sty et ) s 3pbojl il 0 ol 9 48 o0 s
A_.S)‘.) Lg)—:""l’ﬁf dl_.lb.)f A >S D 9 JJHUA )_JM LU SV) _\_.:.))fu.o ;4._.:99; 9 o3l u_gl).ﬂ Jol..?t.]) 6JJHUA M
Lo U bl 3o,b5) (S 515,38 SO Sl o plo (Donderi, 2006: 94) 5g-5 o0 (6 p50S (St 40 yxie 45
oaisploul Glallhe (cages ol (b yiud 4 gy lisen ol (slad o)l g 00 o3laiul (Mavros et al, 2016: 192-199)
ol 0 a3l sl &ygoas ¥V Jodn )3 (520 glosl S35 30, )5 L S Syl jogas o

Sz Shal > g5 glael (SLS i)Y g

O Sy 99 /D Xiwang 35 sl Jlw N i,
S SRy S )2
Yy S8 Vava JRNSEINY

ol Syd S8 par ] g4 54 S Jlo s 0,8 Ll a b Lo 8 a5 oy oyim LST pd consg

(MS B &9 9 Ly
S e (Suom
) YooV wbs g b
e 1> ot e EEG
WOLM.;I
v
Sigl Ly bl oy (Hlise a5 SIS 50 30 128 IS )3 Ly 0,05 9 Sy (o St o
’]"—qjou’°°)"9“‘4"w9°‘§"9l)°b—”u‘U)Usrfmwu—wd—’m‘;&u—um94_»l59> Sy (Shm
gk JUST)3 3
s sias o
Ko g Jlo Slo Yoo lyess it
9J g Ls"”u‘“’u”u’
ke e ¥

u))a_uw )l ‘\,a—\,‘“ 5.)5.,\_700 » D )l d‘d_:‘wo )_:.)l.o.o 9 .))‘.) .)9_’>5 Jol_U)I Ju‘)B = 9 C_«}f O J}‘ a2l ‘(S ‘;Jw.?_b)
)33 0 S g F Ol JUST,3 4




VEV-YIA Ooloxo /¥ ojled ) 0590 VE-T Olians) 5 30

S Sl e glyel (SIS e )8 Y Jgan ashl

) B . PK;"’ Ol
OhlSer 5 oSl VoA oSl sanlie
s
25 a0 Oly Sl s lisee JLiST,8 sl U wodliw Sleidlus sl pslad jloolaiwl Ly (o> 1pg dslllas
a8l g 5 e EEG s S w
slacg Ll Zlasl oy 3VL Jolis 4 aimy o s |, EEG o pdls Y (JUST8 slal U (sLagSl
o s (flnCiad ¢y 5 o ol 5 el hailal ) 5 L gl l olien e 51 U3 o
PP ,_<J| wl e Pm T
S o >l—>.<e:‘ P d)‘-\—? ddlaie o Ly cwle, u—.{yW 5 @l—w
e gy gl cllo o Fashls Vel a3 5 o5l ( Slho a2 b b JUST 8
POy oloj
8l Sllllae g5
b » el
VoY guase
3508 5 7S Sl bty Sl st e olye € Ty o e
5 &g Slaow e L)l ol (e BEG () | lsice o plis 2555 (5315 s 55055 5 e il s

J)_{b.!lﬁ.a_w]‘rua&uo)b)_g u.C)_wLm€5_u

OHen 5 52 ARATA

SpS0jlal og) S

O @l pae gl

olyeds pgas (bles

3 g ylme
" yogus

u_é‘g ul_:Lo.:)_a.oL&l_ad.\_h)_a.oL;u_ud_anafn.\_c Lg)_fo)l.\i‘ Lf‘)—"‘\—’» w_u)ﬁl :t_ol)‘ WSS i gh
)_95‘4: oleMbl 4 S u_ol> » I) &y Jbvﬁ aladls g/_ﬁ)]o .,\_slyL;o 4_59; g,‘_sgbl 9 )_:ym u_:lJLw )_:9..4»
=) A_§_> d>g ;A-n> Lbls 9 gl ‘r:}:ls bl O d—’”&! P u_’l).:l.u _\_afu_o.uu sbﬁ_wuﬁ b)_a>)
iz bl )y sollad pae d o omie (g (S ol il IS ST g pmn (IS Adabls 1 Wl
Do (Saly Balar el lgy o (i

J ol rmar o> L Lo o8 (ol bassgs odSdslone g (Siomy Jlidie ()L ipgd il
35 S 5 abale )3 (6ylansbols L ely oo 5 o3l Uy yygls dalie )3 5 oS

9 (S il mar JLad Abdls cdil 5 (gpa da gl gl (S (o A, L
35 305 (bley (39 0 (238 LSS aeolieS Aladls Ly clel) (o I8 dladls b da dgde Jdoay
) )b (oo S iy SISy () dadle 5 Slae L)l plSin
sLoog)S ()3 y bl d g (130 (gl Lo (Ul 3 (oo i (Sl 63T L dmgicde )3 650
3l LS s 5l oSS

))‘.) b?jwdjaa‘) [T L;.\.ow 94.‘435 @l)\fu.u

aJlse L)-" » J)Ib d)_né) Jl_u.‘i 4_la31> l_l ]oLu)‘ ).3 d)_sw ;A_Jla.‘? )_a.uu l_s Lrgvb).: ]oLu)l EEG C]9_p‘ U)_\J
e Gl e Cllab (g o a2 g8 sy e 35 sy o5 s 45 ol

Jb Al casgs

S




VEP-YIA Ooloxo /Y 03l ) 0y50 V€Y Oltass) 5 5wl

e Sz Ol 515 e (2 30 (53 g 1990 )5

S Sl 3 e lsal (SIS e 38 Y Jgan 4l

bl
. . ST PON
OSer 5 IS Y0 0SSy (Sdy

bl jlaie

9,8 5 (6o so39iSU )3 by g Wl )3 (glasily 13 ity (dlS 8 slail a5 1550 s
5 Sl Ly bpe L 4l a8 Ly JLssTd amy poolie imen s RMIS s Lol oo b, gy Sz
ey Jwlpae
Jg b o9 3 by b 08 b JUST, bl g (Suamg STl pliee Cute (St

bled (opie
banlio )3 (6 pua
Ssoles 9 ARAVN Lagi Slj] A
Presaccadic ™
EEG

Gl M 5 b e LialS EEG coJles 4l ‘.\._.:;b. YU (Sed Jow ‘_.s_slﬂlas O‘):_ﬁ.n 4SS oK bl
ol Blial gl il 428 (Ll dlial olsal cops @sgs -

i pLeal (gl 5ie a8 alod S iy oa) ol ke (slm Jie s a3 Lngingly ol gl 4n A2y Ly
g oy Aday 4y g Ly enad il JLolS5 pgmaly Blsomns (6Lid 5 dn S STyl o] (sl e Ml cilisks gl
ol (pae (B3)m Cop L g9t g Camg Slpad plae bLjlolonl (sl EEG (3 1 losice « 23— o 9
an byye (25 50 5088 Lo i gl 4 oo 9 08 g ) T Uil () «ang (il 48 gy e ULl 0, S
i BEG slaJuStmw cdlad dtels (il o simon 92 jio p3 (ol (slaS oo e jlos sloml g adgl (A5l
sillwSalen LB—’)]")I PUL S yolis Sbled animd LS l_mO] oials g o yolie bl ‘_’)l)’_:.o 09— Oyl B LS
U 5 Gl g ySimee S 0 S Bl ol il (3 5 Jibos o it by sLmodls Ly b LS
bl s IS Ul o 0S| Saom
Ao 5,8 A lgd i S o A4S STl 1 b et (g 539y b (S Sllbe el
ielse b b ol b (IS ) 38l dglge 531 50 (s (sLbs29,9 (S hzem e 0y
(5 Mamaly 5 g i lomel €8 Jglata (sl gy e 53205 513 5 la5 s a2 b (slacs S > (ST
L Lo il (tmgly ol (Blidiuas (sl s (sl rslio )1l 4l o lil (o jod § 009 o5)) S (EEG)
sy Ly g9 5 oy Sl ps plee BLjlalonl clm EEG gy il plsSion c 83 = (Sloy 9 oy o Sl 4 anys
Sblasgs (o Gt meizean 118 it 1, 7T 31y (g g (il 48 59, Ul 0,8 0dlit ol (e (5315
3ySbos (5)lg=d Ly Sdginl Abadls ()5 Abadls 3y Shoe (i oo — Sl VL — Sl (050 839000 3 L5 (S 8

il pobie bl snmaplts Lol Jials 5 ,olis
oala ! lad Syl il ey S 6l BEEG jl o load p e S STl gl aagld i dles i)
dlasls (o) 5 A lasls o, Sloe Bu S wSwio — Jliny (YL — Sl b ye 5390 e jd (L i8S )8 lblwg ccwl oa i
1l ploml a3 i JLsb slnojs 3, Shas 4 Lias by s sl (g 35 Shos (5555 Ly Sl
b e L)) elyl oo a8 Aload ol (ibolio (ped 4y LB (S b L pingly ol diinly (ol e
s s (cLniS e (63 0,5 Jatams 45 |y 5o 5] e Lid> dmd oo o)Ll Lo 4y IMRI (g )slib .t
i b ol 00 yasutio 45 (oS b j| o SasS ilate g5 o 4l TPPA pLs dy ailaie yl S sl el
Ot s Sl e 15 ly g ] (D50 py B ay Ly (oole (sl A s e e Gl b laS e
(e slacS e (o)l S50y (gl paal a5 uloly L |, Temporal-Medial .4 J 4 Retrosplenial Cortex PPA
abl > (Platosh, 2017: 32) wlaisly 5, Slee o8l & s c B > SlKe cimbge ja s g (olab A Lsl oily,
2 eJlsd g3 Aol g zloal doly S8 ( Saom Syl ddlls o (50 glal (S81S s glad S 5l glaoMs




VEV-YIA Ooloxo /¥ ojled ) 0590 VE-T Olians) 5 30

g3 S 33 ¢ iolaSl yol

el s ) Jois Sy B

S i blo s par (Summ b adllas )3 (5o glgal (KIS o )8 Y Jga

9 Sy Ol p3 3,8

S gleel W S5 o a4l M5 b o0k
Gamma (8 3:5L STyl .
35+ Hz A.li.um J.> Bl J{ -
L ¢ L.: 5 . =z Ao e e
i Pl g g 3 JEST3
. [ 3 L».MA.S l s . z . PPN .
Alpha \/\/\/\/\/W 9 risiada il u‘i e s :J f slopyd g Sz e plbiceos
8-13 Hz u&_g)g . Jl)ga.«o}; . L;ldj[,,a:l 5)9] JLS‘)S

YL =l (po,s Bagazme o

Theta W/\/\/‘ 5 3985 il ;Jbs)lﬂ:sly Lisls 5,Slas 548 uSniom by
bl TGN las b Sanggl bl )8

| .
J)%‘” Lg‘-iiké(?bg
Gros Sl s JS -

Beaagaon 9 bl

B _Cadgaa

Sl (0 )b g (BLS (nas il slmosls pLest (S (il wedg 29y yee 3 Gl o ek
ol (AdH, 201 1:454) ol s 4 bjo o, Singss 5 oliume] pyle mmsie olue i) 65 an injls 45
Ll 5 Uit J, 218 i JUto (gl jlm oo ot |y gl )3 glaasl ay ey asglito (slmojon yLummaicio ol
SR slabome Ly (2l ilofl sladabl o e bl ) al oyl 295 p0 plosl (s ppd baomo 5 48 (Slalllas 28 tlo]
a byye sin il (Frumkin et al., 2017: 8) sjl oo g3l je (2] 53 60l slagille 5l (S0 glosar]) 1555
SRS slabow o IMRI Al cae o)) psal lagby, ol coul uas b psal sla)lpl (8 sla Shy
d Ygame (i (mas )0 pngal slo)lpl sl ooy Jl )b Sl Lo )sls (ol a5 Gload J s bl )i Jdoey
o aemd o iealS aBly g g (claaie; p 1y Loyl soliil e il ol oyl 48 W o dg9ame (2K inlojl clalasxe
SR—d e e dy (nas Gbagwl A5l aad 4SS e dlonl (L lm (e y 3350 Lol wdgie
Lugs cmtlo o )3 clil e (g )y yguas o lob szl (Tawil & Kiihn, 2024: 175)18 oy 1, (oosdly basoms
s Gl ppa Glaylil dgame g Lol oo s JSio jlad pd glalase > o3l ol le Clops Sl
b g Looald o SIS ay v 4 S usS uSsio ]y (Bly slid Ly Malei 5 (sbas sla Sy 2l o iw
Sl EEG gy as (g5 glg—ol < 5l 30 slacodgime JLio 4, . (Tawil & Kiihn, 2024: 182)55 5 o —le
BB 95 Ol s 1 (S st dmesly (p3ged hgasie Ll (slapg 2 YU Jdoay €S o coagiome
b aalgs glazuale <8 by JShe it ;36 o by g 2lpid Jalb (gyar (slapio j24 g pl
Gos byl dllls gl EEG Sl olss oo joa 55 ot sLdd o e8> (STl slaan]yd ddllas dej)d (iomon
5,50y L o Jl8 (Saoms Sl jogad 3 oladbss glgds Jo¥s 5l s S5 5,5 sslawl (Lobe Temporal Medial)
5 Syma) A pmr sla e Jolis Layuiie ool il Saomy STl o 3 e laadie sae) o wlidcaas
Jb 52 0)lgmet (630 bazme )3 4T Sl s 5 (b (o (g O8] jgmida ((BLS iy 95) A 8 g (5l L
A LS 5




VEP-YIA Ooloxo /Y 03l ) 0y50 V€Y Oltass) 5 5wl

e Sz Ol 515 e (2 30 (53 g 1990 )5

Sl £95

S e B Hae g (elei] (Sin b (lbdiej ,SBlos GAby (s slonbiome 4y (ras slag by
oy 8l | ols g STl 8956 4 g aad JSb 1) ae slacld ulg o Ko )8 cladio; 4 S alooly fLis La jiagh
a S g S o o gt sLaCuner e 3 1) Laadl pssd c bl g5 () IS il Lzl Lo L
(Chiao & Ambady, 2010: 240) >}l o s p |y mac 50 pani Glidss ) S nyd dy olws sLadSs,
ogee slalad > (Ellard, 2015: 45) as (sloosls (s pslamen 3 (mopas po > Lads poj) 1 e (o S5 (imen
2,15 35 >

S 35 4o g S

Jdsa (SIS laasly mSIl ) 48 sy giinger 4 GleSioe (smas )P mnsal Lol Elsl (mpn Sl
Sk ;b Jdos sLatle]l plodl (slys (6 icmlio &3S a8 i sLmarjm g 3L0j (Mo 5 (Sloj zag
olaiwl ala il o Cjgody (0D (e (S Ol (b = Ol BR9y o=l el (pd e )3 (5
Jdsay Lol g oo EEG gly sl Jlos dl g 4y sl o dbabls 5, Shoe y9en (ol @l 56 o sineen 5, S
Shol dsBaiz cmlo g (dlojlans 5, o5y ) S-St sln e |, &9y (rizad g ) ol (8 SlaCudgime
oS el 5595 73 daome Ly (sl g (ol pite 5 (g5lome gl baoma 3 gl plosl o Saa
Sl s By olSal |y Sz s Sy oyt

b ol gy dal (S (gilome Cdly bome )5 Lo Sl ple Jsbo g oo Ly (Uil itio 5288 0550,
25 (bl o ;b o Gaa L IS (S L las e e (sla Sy Soilat ()8 g el Sl
b S Sl 3 5550 5l sLainl ololis VR S ie §loslital Uy 5l o iy olSel ool 30
Lo ng Gials jolatod; (gjie glosl ) 29 ol S lajon 5 boas 53 EEG g, Ly (g5 glosl s
elo—l ol 5l (b (eblise glysl 5 Lnaople €S > 39 plosl (azee (- Sae nidg (p Fods JyuS ) gl (e
o)l Lol a5ty 4 g g o Jold (S (o slb it b 9 2023 5 )55 1 oS0 Sl g
ol aialgs 8, sbeos |y inbl aols sy Sea
3l Cadly yium 3 Lygel sl @pgps -
RS st (LS e s 5 555 e Ly il (slmpite z lojlan 5, S5, )3 Lo J, 08 9,5 -

thoe Ly (ol ojmge (S
(el (S b b ye (e gla Sy Siletuss (5580 6] -
Sy g 59 pei i et e (il glajpg GialS Jdsa EEG (29, L 6550 glyel plojon o8 g8l -

=SS ilsg gl el 5l (36 (g lito glyol g Livanle €S 1o 5 9 o Jolis (S (s slivpuiio o 9
= St (sLpodls peito ;36 5 b g dng Lkl oy el Al e ey L) Jledlinl S -

cemas slaisl,s

i B3 3,5 o ] Ly a6yt baoee Ly byl 55 b 659 T005009,280] sl stalogl (slyal cles
Smnsd 9 CBd Gl o 09Me 09290 (gl g (B slaCudgiome 4 dng g ()00 2)9— o> LSl
(oldeuas glaasie b Sodp ) ees il (ol (990 (maasS imes I aald lal ] (Sl sladije s
sload ddllae jid slapiio g Lacadgione Jdsa gjlowpads)s jorbg 8j9> i (6)9—5 ) (BlUd (wlidply) 9
bedyin Ly ol (5u8 Jlo ) ety Lol sl 003 jLET (gl ane lllas dy s (i ;3B Ly (0
2525 A algs 08 (ol Bion 3 nsh L Blowo 4]y (sipis ddagly iy 683 5 5508 (slacygions Ly (5] 3




VEV-YIA Oloxio /Y 3l .V 0350 V€Y Oltuns) 5 30l

BY R RV S PR T FUL v ROy

Wasly

e b s &l o)
3929 Giagh ol b las e (a8lie 3L g o5 WS oo pIMel (g

b oS ,liw
ol 03,55 00\l 34850 dyudiy (gl sogad b Jgd slaglojle ollael Jlo pio gun jl e oyl

) ST cyls,
Silod S pMel S gy 1y 395 ST cols, imgh opl > GBS eS b plos

] OB M 5 &5 ) Like

Liodls yoaud g el g sl S 55 dLmodld Cy ko g (6051958 &9 pan] oSy e sttoliSid vol 5355 i allan _sllo g (g5l5psos
553 adlie 2ol g (il y3aen) (oS3 4yl st 5 Hsmtan] (S 155 gl Hgmsan] oS RS el 5555
e S (A plad s (led al g (e Lol f el S el 1185 s Sladod 0y e f5mden] (S ¢ ikl S el
il S a1y adli

‘_?;,3)43 9 ’&W“N

Cawl 005 u»)l)f ulf..\u.u)y Jawy 82)90

. , sl
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7.Neural Circuit Theory
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13.The perception of collative properties in visual stimuli
14.Complexity of visual stimuli and non-linear EEG dynamics in humans
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19.Electrophysiological Evaluation of Perceived Complexity in Streetscapes
20.Presaccadic EEG activity predicts visual saliency in free-viewing contour integration
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