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Alertness

Tonische Alertness Fluktuation von Wachheit und Leistung im Tagesverlauf

Phasische Alertness Durch ein Warnsignal ausgelöster allgemeiner Leistungsanstieg

Selektive Aufmerksamkeit

Vorbewusst
•Vorbereitung für selektive Informationsaufnahme
• parallele Verarbeitung multipler Reize
• simultane Aktivierung von Bahnen

Bewusst
• willentliche gesteuerte Aufmerksamkeitszuwendung
• sequentielle Verarbeitung
•beschränkte Kapazität

Vigilanz oder Dauer-
aufmerksamkeit

Umfang an bewusster Anstrengung, die in eine gegebene Handlung 
investiert wird

Posner, M.I. & Rafal, R.D. (1987). Cognitive theories of attention and the rehabilitation of attentional deficits. In Meier, R.J.; 
Benton, A.C. & Diller, L (eds.) Neuropsychological Rehabilitation. Edinburgh: Churchill Livingstone.

Components of attention  
(Posner & Rafal, 1987)
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Dimension Domain of attention Paradigms or tasks

Intensity

Alertness (intrinsic, tonic, phasic)
Simple reaction time tasks without (intrinsic, 

tonic; top-down) or with warning signal 
(phasic; bottom-up)

Sustained attention Long lasting tasks, high critical event rate, 
detection of small changes

Vigilance Long lasting tasks, low critical event rate,

Selectivity

Selective oder focused attention Choice reaction time tasks,
Distractor tasks

Visuo-spatial attention,
Shift of attentional focus

Tasks requiring overt or covert spatial shifts of 
attention

Divided attention
Tasks requiring attention to be shared or 

divided between two or more information 
channels (e.g. dual task paradigms)

Attention - Domains and Paradigms
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Selective Attention 
Focused vs. Divided Attention

Selective Attention

Focused Attention
(process only one input)

Divided Attention
(process multiple inputs)

Auditory
(e.g. shadowing; fate of 

unattended stimuli)

Visual
(e.g. variable beam 

spotlight; fate of 
unattended stimuli)

Task 
similarity

Task 
difficulty

Practice
(e.g. effects on 
automaticity)
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Aufmerksamkeit 
Funktionelle Neuroanatomie

Dimension Bereich Netzwerk

Intensität

Aufmerksamkeitsaktivierung 
(Alertness)

Daueraufmerksamkeit
Vigilanz

Hirnstammanteil der formatio reticularis, 
besonders noradrenerge Kerngebiete; 
dorsolateraler präfrontaler und inferiorer 
parietaler Kortex der rechten Hemisphäre, 
intralaminare und retikuläre Thalamuskerne, 
anteriorer Anteil Gyrus cinguli

Selektivität

Selektive oder fokussierte 
Aufmerksamkeit

Inferiorer frontaler Kortex, v.a. der linken 
Hemipshäre; fronto-thalamische 
Verbindungen zum Nucleus reticularis des 
Thalamus; anteriorer Gyrus cinguli?

Visuell-räumliche selektive 
Aufmerksamkeit, Wechsel des 
Aufmerksamkeitsfokus

Inferiorer parietaler Kortex (disengage), 
colliculi superiores (shift), posterior-lateraler 
Thalamus, v.a. Pulvinar (engage)

Geteilte Aufmerksamkeit Präfrontaler Kortex (bilateral), vordere 
Abschnitte des Gyrus cinguli 5
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Neuronale Netzwerke der Aufmerksamkeit 
(Posner & Raichle, 1994) 

• Alertness

• Orientierung

• Exekutive Aufmerksamkeit

stimulierte umfangreiche Forschung zur 
funktionellen Neuroanatomie der Aufmerksamkeit
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Intrinsic alertness (Top-down, 
voluntary control of arousal)
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„Sustained attention“ network 
(early PET findings)

Posner, M.I. & Raichle, M.E. (1996). Bilder des Geistes. Spektrum: Heidelberg 8
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Activations in:
• right-hemisphere dorso-and 

ventrolateral frontal cortex
• anterior cingulate gyrus
• inferior temporal gyrus
• thalamus

Neuroanatomy of intrinsic alertness 
(visual stimulation)

Ref.: Sturm, W. & Willmes, K. (2001) On the functional neuroanatomy of intrinsic and phasic alertness. Neuroimage, 14, 76-84.
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Mechanisms of LC activation

Aston-Jones, G. & Cohen, J.D. (2005): An integrative theory of Locus coeruleus-norepinephrine function: Adaptive gain 
and optimal performance. Ann. Rev. Neurosci., 28, 403-450
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NGC: Nucleus gigantis cellularis
LC: Locus coeruleus
Amy: Amygdala
PFC: Prefrontal cortex
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Sarter, M., Givens, B. & Bruno, J.P. (2001). The cognitive neuroscience of sustained attention: where top-down 
meets bottom-up. Brain Research Reviews, 35, 146-160.

BF Basal forebrain
TH Thalamus
LC Locus coeruleus

ACh Acetylcholine
Na Noradrenaline
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Supramodal activity while expecting auditory, tactile 
or visual targets

Langner, R., Kellermann, Eickhoff, S.B., Boers, F., Chatterjee, A., Willmes, K. & Sturm, W. (2012). Staying responsive to 
the world: Modality-specific and -nonspecific contributions to speeded auditory, tactile, and visual stimulus detection. 
Human Brain Mapping, 33, 398-418. 12
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Orienting of attention
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Hierarchical model of selective attention 
(Posner, 1987)
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Covert Attention – Network of 
visual orienting

disengage: Disengaging attention at a 
certain location ---> posterior parietal lobe?

move: Moving attention to another location 
---> Colliculus Superior (midbrain)?

engage: Engaging/Fixing attention to a 
certain location  
---> Pulvinar nucleus (Thalamus)? Lit.: Posner MI, Raichle ME (1994) Images of 

mind. New York: WH Freeman.
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Anatomical relations of the networks 
of attention

• The alertness network and the network of visuo-spatial 
attention significantly overlap in the right parietal cortex

• Neglect patients normally exhibit a low level of general 
alertness

• Training of alertness or general phasic alerting can lead to 
significant improvements in performance of visuo-spatial 
attention in neglect patients (Thimm et al., 2006; Robertson 
et al., 1998).

• Experiments with healthy subjects also prove an influence 
of the level of alertness on visuo-spatial attention (Fimm et 
al., 2006, Manly et al., 2005).
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Overlapping (Diffusion Tensor Imaging DTI) subcortikal lesions 
in Neglect:

Dark blue: Fasciculus Arcuatus, Blue: Superior longitudinal Fasciculus (SLF) II;  
Orange: SLF III

From: Bartolomeo, P.

Cerebral Cortex, 17, 2007 
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Dorsal fronto-parietal network (top-down; orienting 
to attended stimuli)

Corbetta, M. & G.L. Shulman (2002). Control of goal-directed and stimulus-driven attention in the brain. Nat Rev Neurosci, 3, 201-215.
Shulman, G.L. & Corbetta, M. (2012). Two attentional networks. Identification and function within a larger cognitive architecture. In: M.I. Posner (ed.) 
Cognitive Neuroscience of attention. Second edition. (pp. 113-128). New York: Guilford Press 20
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Ventral fronto-parietal network (stimulus-driven; 
reorienting to unattended stimuli)

Corbetta, M. & G.L. Shulman (2002). Control of goal-directed and stimulus-driven attention in the brain. Nat Rev Neurosci, 3, 201-215.
Shulman, G.L. & Corbetta, M. (2012). Two attentional networks. Identification and function within a larger cognitive architecture. In: M.I. 
Posner (ed.) Cognitive Neuroscience of attention. Second edition. (pp. 113-128). New York: Guilford Press 21
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Exekutives 
Aufmerksamkeitsnetzwerk
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Sarter, M., Givens, B. & Bruno, J.P. (2001). The cognitive neuroscience of sustained attention: where top-down 
meets bottom-up. Brain Research Reviews, 35, 146-160.

BF Basal forebrain
TH Thalamus
LC Locus coeruleus

ACh Acetylcholine
Na Noradrenaline
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fMRI: Attentional networks 
(Beispiel 1)
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Konrad et al. (2006)
25
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Alerting network (Konrad et al., 2006)
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Executive network  
(Konrad et al., 2006)
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Orienting network (Konrad et al., 2006)
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fMRI: Attentional networks 
(Beispiel 2)
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fMRI: Attentional networks 
(Beispiel 2)
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Differenziertere Betrachtung des exekutiven Netzwerks
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Differenziertere Betrachtung des exekutiven Netzwerks
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CFP- und MCC-Hypoaktivierung 
bei ADHS
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Kortikale Veränderungen der 
grauen Substanz
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Kortikale Veränderungen der 
grauen Substanz

•Overall, the total GM volume was found to increase at earlier ages, followed by 
sustained loss starting around puberty

•Frontal-lobe maturation progressed in a back-to-front direction, beginning in the 
primary motor cortex (the precentral gyrus) and spreading anteriorly over the 
superior and inferior frontal gyri, with the prefrontal cortex developing last. 

•The process of GM loss (maturation) begins first in dorsal parietal cortices, 
particularly the primary sensorimotor areas near the interhemispheric margin, and 
then spreads rostrally over the frontal cortex and caudally and laterally over the 
parietal, occipital, and finally the temporal cortex. 

•Frontal and occipital poles lose GM early, and in the frontal lobe, the GM maturation 
ultimately involves the dorsolateral prefrontal cortex, which loses GM only at the 
end of adolescence 

Gogtay et al. (2004)40
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Classification of  TAP-Tests based on taxonomies of Van 
Zomeren und Brouwer (1994) and Posner & Raichle (1994)

Alertness Orienting Executive attention

Intensity

Alertness (tonic /intrinsic / phasic)

Vigilance

Sustained Attention

Selectivity

Visuo-spatial attention Focused attention

Covert Orienting of Attention Go/Nogo

Neglect (extinction phenomenon)

etc. Distractibility

overt orienting of attention Divided Attention

Pro- and Antisaccades Flexibility

Visual Search etc. Working Memory (n-back)

Supervisory Attentional Control (SAC) Strategy

Central Executive Flexibility
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