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Abstract

Attention is an important aspect in cognitive science research. This article reviews the component of
attention process in neuronal pathways. In addition, the characteristics of attention are a complex process in
higher brain function that specific to external stimuli. This final process is interpreted by the brain and
response to represent behavior. Some situation can interrupt the attention process and can cause abnormal
behaviors. It’s resulting from pathological damage in the brain or genetic disorders, etc. To date, the
advancement of radiology (brain imaging) can measure the activity of neural activity when response to
external stimuli. However, the data still rely on interpreting from other biomarkers such as neurotransmitter
in conjunction with completed conclusion.
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Auaula (Attention) uan1afiu n135U3 (Perception) lagsssu1AveIN1ssuinIen1sian
(cognitive function) Lﬁm%uimai%’msmumﬁﬁwmaas;iwimﬁ’u mmmﬂaLﬁ‘flwﬁﬂu%umaumiiﬁmﬁ
ddnlunsfiaginszuaumsvnsanestugs (Higher brain function) 8u q nnumn iilesanluanagily
Auwndoumeueniivanemgnisaiiintuseudng winywdliannsaduinamnedisiintuld Tedes
Laaﬂ%JUngL%”lﬁli]o”lLW’]ELR)’]B‘\N (Selective stimuli) autAndunszurunisaiuaula (Attention process)
sethupuanle Sonefisrnuaninsavesdnizdn (Mental state) flazidenaevaussiednszduidimig
wagiosdnisusrarunisinurssgadUssamunazigadnatsidulassineaaiuaula (Attentional
networks) Aoifna9assruUUszam (Neural circuits) Jusn Tngysannisvatsasddsenouidndeiu ot
nsghausean (Nerve impulse) waransdeuszam (Neurotransmitter) iusiu nszuaunisauanlaae
Antusgnedasy suinmsidsuulasianssuiintuluaues (Neural activity) LazAsanIn (Sustain) au
yhlmAangAnsanduanld sziuvesuaulavsiuegivaniumsaifiunseduuandietu amnsataldlae
wSeailetanneadsiven (Physiological instruments)

auaadunssuumsfiimmdudeudssnoumetuneuidiiey e mnuiiush nsdaies was
auauladugs sywdsmnaulasunithesnisidnedygadinmaglusiinme Sufuaniinseduly
nseRudyIUsTAmMIUAUNIEN (Sensory receptors) LﬂgﬂuLLﬂaﬂﬁﬁﬁiﬂﬂﬁ’ﬂETLWﬁW‘UEN‘U%QVLWﬁ’m’muaﬂ
wadwazneluwad dalumuidulszam (Nerves) Fadusyuudszamsauuen (Peripheral nervous system)
rudunnlulodumas (Spinal pathways) wdiluussanananazilamumingvesdnsiiiaes

nszulunNIsAaNauladiasnusTnavdaansmalUl
1. AUAUA7 (Alert) Munend n1sUsvan wlvnsausuanunisalnazin (Task-related-event)
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31lfpan135UTIaINan1ZUNA (nternal  state) wasfosasanmseiuresnisgnnszAulinsed tedndu
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FumeuusniitinuddnianiidugaEuduresnsiinlassineanuauls (Attentional networks) Tunns@nw
MaUszannneIniamans (Neuroanatomy) uaginalulagnina1e3ed (Radiology) Tutagdumui AN
finnuieadestuanesdiumanda (Thalamus) nduauesaiuntii (Frontal lobe) wagnduanesadIuuy
(Parietal lobe) waransdeUszamiifininuddegneBasoauiiudifie Norephinephrine flagyinutihfiusu
Fyarausvam (Neural activity modulation) fnan1s3dedliifiuiimuinisvesnruiiufagiauiedis
auysalludieieglvgmeudu Tufoidnnuiraudusazimulusgiasnilasemnzedsddudiseg
SIN9 2-7 93U (Rothbart, 2003; Rueda et al.,2004) LLazﬁJzﬁqLﬂmlé’fmﬂIuLﬁﬂﬁﬁﬂﬁgmmmﬁmﬂﬂaﬁumﬂﬁ
3ous 079 Winawn3du (Attention-Deficit/Hyperactivity Disorder: ADHD) ffaifuyanafifinanufiugsinded
auduiusTunainseslsafiases

2. M5daBed (Orient) iunsidendeyaiiAnandnseduaeuen fnseduoiaiivarsediy
Gﬁy’umauﬁuaqmﬁ'uﬁmﬁmﬁmﬁ?u%y'aé’zyayﬂmﬁ'u%ﬁ (input) ﬁﬁwﬁﬁgﬁqm Tunea3sinetsenin Afferent
nerve fiber vaneiadulovszamdaidyaauszamdngszuutssamaiunata 1y Suauidn
(Sensation) 9Mn#3U (Receptors) fagaitu ilonsniadoulmivigaiifinnuauladauisadimemves
nasdudedludadnuneiiauls wasdadundsnuudmdnlnfiuuunisavdadyaialussiauuas
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(Photoreceptors) Tuaauszaman (Retina) fsuuasiiaesein Ao waduuunsie (Cone cell) vwthfisud
LaTLadLUULI (Rod  cell) vimiidisunas fesfinisnaunaiusnsdiuiearldnnuduresuauazad
wnzanfunsTunIn widsdyanaszamillUdsauedle) (Cerebral cortex ) %umaums%fuims%’m’%m
wieedutaed Sudngunsidefitdeifiuiianesdniidanuindesiie nduauesdiuuu (Frontal
lobe) ndvaussduutiu (Temporal lobe) $aU89UTIMANDIEIUNTITFUNMN (Frontal eye field) wu i
avesdulimasimndaiu Superior colliculus YasauBIdIUNATN waznguluaFeavasAluatesdIun
a137@ (Corbetta & Shulman, 2002) Imaé’ﬂwmzﬁLﬁulﬁsﬁmmiﬁwmmmammﬁLﬁ'wﬁaﬂumums%’uims
Jasesanunsauseenilunanednuuy fe M3AIuALLULSATZINUWAEN (Top-down and controlled)
ﬂ’]iﬂ’J‘UF’]lILLUUlﬁJaﬁi%‘\]’]ﬂé’Nsﬁuuu (Involuntary bottom-up and automatic) mMshauuuuaiseiny
maadeulmvesfisusiazaim (Overt with head/eye movement) m1sviaiunuulaiidamenunis
wdeulmvesdseziasnaem (Covert without head/eye movement) nsdndesluaniufinasiienig
(Location-based orienting to spatial locations) mﬁmﬁ'aﬂuf@q (object-based orienting to objects)

Parietal
Cortices

Occipital
Cortices

Al 1 dumanismuaueuaulauuUSaszanULatEns (Top-down regulation) asesdiumth
(Prefontal cortex) yi11urUN138USAITUNIY (Distraction) udafisndunanssusredsnsdulii
NI (Extensive projection to sensory cortices) fifuiiauosdumtnduaa (Inferior prefrontal
cortex) fiUsumgAnssumsuanseendilsiivanzay 81 msmugunsidsulmfigndesinnisviay
993 Motor cortex Fuifauloslufadumsnsnandeulmluiufiauosdu dlaseviy (Striatum)
Tanansia (Subthalamus) wazaueetias (Cerebellum) (Amsten et al., 2009)

3. arwaulatugs (Executive  attention) AoaAruanunsnlunisnevausssoanIunsaii
sudeulnefinisuanseananansaintulénatswuy (Rothbart et al, 2003; Rueda et al.,2004) N3ATUAN
ms‘v‘mmsuaqmmaula%uqaﬁmmﬁuﬁuﬁ‘ﬁumiLLﬁﬂiymﬁﬁmm%’u%’auﬁ]uléjmaé’wéﬁa%agaﬁﬁmm
auysal fedunszuaunisiiedananieadesiunisinaiuvesauesdugs (Higher  brain  function)
Usznausensnaunu M3daaula MsuenAuLAnAIsEnInanLgndeiediin anunisaliinvie
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anunisellndiisesneuaues 33n1svaaesiidunis@inuiil fie Stroop task laedidvmaaesdesdinig
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Aramineesd Afutuiinezdvemiinfifiuiunsumunrwadlavesdeiu vlifedldinannndulums
VBNAMUMINETDIA1 (Bush et al, 2000) @1315083UNT1 NTLUIUNIIABUAINILAINATSNAADUTE
Funouiiuty 9¥N38HU Anterior cingulate wavauaddI Lateral prefrontal cortex autinAuTaLEeiu
seiradmnendniudsadausevueniiliminanuliaenndesiu (Botvinick et al,, 2001; Fan et al.,
2005) MsAnEITUsEAamMEI ARk e SENU I uTiaesTiTiauAeades Ae nsinansues
du9aIunt (Anterior cingulate cortex) waganaaIUntnA1U914 (Lateral prefrontal cortex) (Posner &
Dehaene, 2000)

M19199 1 aglaseainmeniginiavesatesuazansaeUsramildineIvesiunIruIuNSAUM
nsfuinsdases uasanuaulandudeu

Function Structures Modurator

Alert Locus coeruleus Norepinephrine
Norepinephrine
Right frontal
Parietal cortex

Orient Superior parietal acetylcholine Acetylcholine
Temporal parietal junction
Frontal eye fields

Superior colliculus

Executive attention Anterior cingulate Dopamine
Lateral ventral

Prefrontal

Basal canglia

wuvInaeslassttgnuaula (Simulating attention network)

Attentional Network Test (ANT) 1Junisesnuuunisnaaedfionnaresanuduiussewing
Taserneauaula (Attention network) (Fan et al., 2002) ﬂﬁ‘wmaauﬁi%miﬂisﬁummmmLmﬂm'wuaq
nafineuauss (Reaction time: RT) dodudludeulawansraiu dil (nwilt 2) AVAADUADIUBNALILS
maqgﬂmluﬁﬁwmmﬂsmﬁ’u 4 Jouly fia No cue nuneds lduansgnesuuaenin Center cue naedia
ANATLANIUUIBAINATINGT9T8 Double cue MBdd qﬂmLLamuuf\]amwﬁy’ﬂﬁmuuuaxﬁmdm Spatial
cue e gnAsLARsULIEN N LUULaE A A Tkanadsfian WeRanseduuaing fidmasoudes
novauaslinsafuiieuludianis (Direction of target) Inn1snat
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W  RT #ned 1a1ve9an1seauduad (Reaction time)

Alerting network effect = RT (no cue) — RT (double cue)
Orienting network effect = RT (center cue) — RT (spatial cue)
Executive control network effect = RT (incongruent) — RT (congruent)

SYELAUAUM (Alertness) Tnanaifineuaussronisivse liinm
o a . ) ] ' o a I Aaa
5¥8¥N139AL384 (Orient) Tnanniainovaussson WL UasUduLNUANARAANIS
szerANtudeu (Executive control) Feluduneugarinevesnsyuiunisaiuaulaattention
process) fosnauauniionuliulavestoulvItiulausely (incongruent/congruent)

A Four cue conditions
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No cue Centercue  Double cue  Spatial cue

B Three target conditions

—— — rd > I
i ——— —— - —_— .-
v Congruent Incongruent Neutral
Cue
v
}\
N Target
O
9%~ 15 —b+@—>—h
< Tim O mse |
¢ ':'f? fﬂgmsec
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Sep

AR 2 UUAMLERINTNAERY ANT L wisngveansnaaeuil liemAugneAee (accuracy)
WaEAULET (speed) BDIN1sMevaUDIRadws lukeulanifivun (Fan et al, 2002)
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Network [ Pathway
Alerting —
‘;@ Primary
Network
emwor Visual Cortex
{‘I\
(1
[.l
Visual Input

AWl 3 ununuansudeslssesnsiinlassieauala (Attention network) wiaziwadUszamil
msvhnudeniunasneuaussieniifieg1aieniu (Associated neuronal areas) viliAndy
neuronal network leneSuiemsmaaeu ANT nuiFusuandasininuenainmsuoaiiy
(Visual input) dekmunszuauszamludauesiiiendosiunisueadiu (Primary visual cortex) uag
shliAnduusnvesnszuIunisauanla Tufio Anuiug (Alert) visandudgtunounis
a3 (Orient) uazddlufsiugsanfomnuanlalusdugs Executive control pathway) fifas
ofediinsinauladosses faneiidouledudousnntu (Spatial-dimension related-conflict)
pdrnmatssnadeyaysannisvsauesiugiud JnshliAauadnigarerenininnis
fauduasean (output) (Wang & Fan, 2007)

nsnanesluefnldiininfanssuiiAnnadsuuuasnisluaues intulutaed e, 1970 g
ﬁffﬁ‘m&nmamﬂﬁ’?ﬂmn*d?ﬁmuﬂa&umé’zyaﬁmmmLsaaéﬂism‘mLﬁaﬁmimauauama?u%ﬁﬁu WU 9951
nsTadngluih (Firing rate) Tuaueafitudledslinuaulaiudsnsedu (Wurtz & Goldberg, 1972) 910
wisudusanahliAnauaulatensyinnuvesaues seanldfimnuintimanaluladvosnmeaiesed
szuudszam alutlagtuainsafiagfnulasiaisvesanesiiisadesiunszuiumanuaulave sy wdls
Forumntu weluladdinariilfAnnsianadsuulamesfanssungluaseadledifanssduidiun
Aeateandinanseenundunginssudedidanseduiivainuats derudu  1adesinadulsihaues
(Electroencephalogram:  EEG) flun1snsananudnsdndluliiiiveadsueidunaasioulnesiuves Post
synaptic potential vesnguisaduszamitindiAssdianinsn venamiudsdimsTadndluihauesitduiugi
winn15al (Eventrelared potential: ERP) luilagiiusiseanumsinuiifetesiuingnsigglasld
\3psasanndeaunuushudnlnii (Functional magnetic resonance imaging: fMRI) dnnMs¥inauE
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ofeuanTRnuluwivanvedlalasiauszmnen (Hydrogen: H) ?3&Lflua'auﬂ'i:ﬂaumﬁﬂﬁagjmﬂuiwmsJ
uywd 1wy Bwanavesth (H,0) WWudu ifeffiunisnsadiluegneldauusivantdih wissasdsdyaia
AAVINg ATy (Radiofrequency) nlunseusruvetingiinensna ootoizdu 4 gnnszfuasd
nMsAsuuUassefundaunanszUUNTEHANd 1150091 Marmeu (Resonance) MdsNMgANTEAL
lalasiauernon melusamesinmsmendsuasiigunsaiiudyauildoonn nniuuslandudyarmnm
UuRNM Fanmiiusnganusafealdfnisasunlatunuodnluaues

wonaniudindesilotndu q 8n 017 Magnetoencephalography (MEG) wn3esanauaslduns
(Near-infrared spectroscopy: NIRS) Single photon emission computed tomography (SPECT) uay
Positron emission tomography (PET) #udwaiesiienmsfsdidadufiondondnnisnmmangmans
fundes TnwordeiniosdlefiviinismsinineynialndnsouiivaesananasiudunandiAsadostunns
MUMI BN TUOATUYR AN WU 11C (A1suou-11) 13N (lulpsiau-13) 150 (eondiau-15) uay 18F
(vlgeaiu-18) Flvidnly mamamwmmmgﬂ%mmﬁamﬁméﬂmm HAENSEUIUMSININAN TR TS EY
wad (Metabolism) 150529 PET azdisedeiniessounmalalranseufiagnanansiusiunnmigdesoynia
Tndnsoufiflrasdinduoanin nan1snsaeanuisasinzsentsasudasasiniiniglusisnie Tnefiaunse
wensaimsiinlsaldnoumsianesammniu 4 lueurs lsamassuulssamitannsansiald enit iesen
Tuaues dalwwed wazmsaudu Wudy wiodleTamenndreSdauesiomadunsiansasuulams
a3vinemesinssuiintunigluaues ilisdilamshanuesauewnntu vensntudiddlindesie
Transcranial Magnatic Brain Stimulation (TMS) ifuia3eansesuasesivinliannisiasuuiawenszua
Uszam 33n1sves TMS axviingldunainnseuuinamifsus wasddesnszudlniisuanan denszualii
NuwnaanavmieathliAeaunuindn auin 2 tesla nszuaudindniazinieniliian Depolarization
luaduszam viliiAn Depolarization lausesnm 2 wuRlums 31nRaaNes (George et al., 1999) 154
™S dildvhsaensttaeiiauinunfnisiang enfi aaeduain (Depression) nmigarududey
(Dementia) Insanunsalsudyarunisinszualszamle

Pulsed —
magnetic field

A 4 msinvigiianuinunivesszuuuszamlagnsldisnsinwiuy

Transcranial Magnatic Brain Stimulation (TMS)
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Conflict network

Al 5 nmiiavneesawes (Cross-sectional view) msiasuuvasmammuednlusumismiameinie
yosaneiiaten ms@uingn (Anatomy of attentional networks. fMRI images) LWSauLieu
nssvaunmsaulausastuneuidofimandeuly \Wunsinwluenaadasguamidinm 16 au
\levhnsmedeu Attention network test (ANT) (Fan et al,, 2001) WaN1SANYINUIN AR
anansansziumsUAsuLasiaesdumanta msdnesaznsedunduanesdiuuy (Parietal
lobe) wazaduanting Ao Fumsvinmuiidudeuaznszduauesdiu Anterior cingulated cortex
mwéﬁﬂdﬂgﬂLNEJLL‘Wﬁﬂ%ﬂLLSﬂfLumiﬂiwmﬂizﬁﬂ A.A.2001 ¥83Y The Society for Neuroscience
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(Disorder in impairment of attention network)

Alerting Orienting Executive control
Normal aging Autism Alzheimer’s
Attention deficit disorder Borderline personality disorder

Schizophrenia
22Q11 deletion syndrome

(fauUasa1n Rothbart & Posner, 2006)

anuAnUnAvangegiifgdeatunssuunmsamilafiiunananuliaugavesasioUszam
19819 YU N158AA3UB9 Norephinephrine faunieatosiuduney orient attention dwasienisiin
autism Tutanuaulaseey executive attention dAuAsadasiu Dopamine miniisyduanasifliiin
mudenlesiunisiialsadaam (Schizophrenia) yaana maninauasg1u (Borderline  personality
disorder) uazlsndaluises (Alzheimer’s disease) MsoonuuuNTIdseadoslisuiuunsideiiides
flun133AM9TININ (Biological markers) WAAUMANMNVBIANURAUNG 19U SeAuTasiul vise seRuved
asdeUszamilAentes 1wy myinseiusesluuiiisadeaiuainiaien (Stress hormone) MseBALUY
TWsunsumsiinifieudluanuuansesuazesnuuunsfnw dadiesendendnnisadetnelovssamisumy
sonnsiln e lAnUsEAvBAmMTIheYRITEUUUSE A Igegn

ajUuazdaiauauue
nszvaunsarmaulafunszuiunsfitianududeu nseenuuunmsidannsaldaniunisel
daduinsgduluninfisvseansawanuauls wifeslieseifaeazidonudazdunauaes
nszvunmsanuaulafielinsuistadouindeslatheiliAanssuniunsuvana ddludagduiinnsly
waluladniwane fadsilinsuAanssuiiuisuutasnisluaues muisansossyiufiauosiidnn
Aedestunszuaumsanuaulalfegssimeiangas nufoamanuduiuslagldsd tamatin e
wnBudiunalddnmievils

LONETE14D
Amnsten AF.T., Berridge C. W., & McCracken J.T. (2009). The neurobiological basis of attention-
deficit/hyperactivity disorder. Primary Psychiatry, 16(7), 47-54.
Botvinick, M. M., Braver, T. S., Barch, D. M., Carter, C. S., & Cohen, J. D. (2001). Conflict
monitoring and cognitive control. Psychological Review, 108, 624-652.
Bush, G., Luu P., & Posner, M. I. (2000). Cognitive and emotional influences in the anterior
Cingulate cortex. Trends Cogn.Sci., 4(6), 215-222.




Usve)n wiaudw/nszuaumsenuaulasasnisuszenddniunsidensineinsleyan

Corbetta, M., & Shulman, G.L. (2002). Control of goal-directed and stimulus-driven attention
in the brain. Nat. Neurosci. Rev., 3, 201-215.

Fan, J., McCandliss, B. D., Flombaum J. I., & Posner M. . (2001). Imaging attentional
networks. Annual Meeting of the Society for Neuroscience.

Fan, J., McCandliss, B. D., Sommer, T., Raz, A., & Posner, M. |. (2002). Testing the efficiency
and independence of attentional networks. Journal of Cognitive Neuroscience, 14,
340-347.

George, M. S., Lisanby, S.H., & Sackeim, H. A.(1999).Transcranialmagnetic stimulation
Applications in neuropsychiatry. Arch Gen Psychiatry, 56(4), 300-311.

Posner, M. |., & Dehaene, S. (2000). Attentional networks. In M.S. Gazzaniga (Ed.), Cognitive
neuroscience:A reader. Blackwell Publishers.

Rothbart, M. K, Ellis, L. K., Rueda, M. R. & Posner, M. I. (2003). Developing mechanism of
effortful control. Personality, 71, 1113-1143.

Rueda, M. R, Fan, J., McCandliss, B. D., Halparin, J. D., Gruber, D. B., Lercari, L. P. & Posner,
M. 1. (2004). Development of attention networks in hildhood. Neuropsycholosgia,
42, 1029-1040.

Rothbart, M. K., & Posner, M. I. (2006). Temperament, attention, and developmental
psychopathology. Handbook of Developmental Psychopathology, Revised, ed.

D Cicchetti, DJ Cohen, 167-188.

Wang, H., & Fan, J. (2007). Human attentional networks: a connectionist model. Journal of
Cognitive Neuroscience, 19, 1678-1689.

Wurtz, R. H., & Goldberg, M. E. (1972). The primate superior colliculus and the shift of
visual attention. Investigation of Ophthalmology, 11, 441-450.

10



