
Downloaded from UvA-DARE, the institutional repository of the University of Amsterdam (UvA)
http://dare.uva.nl/document/170168

File ID 170168
Filename References

SOURCE (OR PART OF THE FOLLOWING SOURCE):
Type Dissertation
Title Neural coding of attention and attentional set shifting in the rat medial

prefrontal cortex
Author E. Lee
Faculty Faculty of Science
Year 2010
Pages iii, 138
ISBN 978-90-8570-510-9

FULL BIBLIOGRAPHIC DETAILS:
  http://dare.uva.nl/record/335049

Copyright
 
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s) and/or
copyright holder(s), other than for strictly personal, individual use.
 
 
UvA-DARE is a service provided by the library of the University of Amsterdam (http://dare.uva.nl)

http://dare.uva.nl/document/170168
http://dare.uva.nl/record/335049
http://dare.uva.nl


 

 

 



 

 114

REFERENCES 

Abbott LF, Nelson SB (2000) Synaptic plasticity: taming the beast. Nat Neurosci 3 Suppl:1178-1183. 
Amemori K, Sawaguchi T (2006) Rule-dependent shifting of sensorimotor representation in the primate prefrontal 

cortex. Eur J Neurosci 23:1895-1909. 
Anderson SW, Damasio H, Jones RD, Tranel D (1991) Wisconsin Card Sorting Test performance as a measure of 

frontal lobe damage. J Clin Exp Neuropsychol 13:909-922. 
Arnsten AF (2000) Through the looking glass: differential noradenergic modulation of prefrontal cortical function. 

Neural Plast 7:133-146. 
Arnsten AF (2007) Catecholamine and second messenger influences on prefrontal cortical networks of 

"representational knowledge": a rational bridge between genetics and the symptoms of mental illness. 
Cereb Cortex 17 Suppl 1:i6-15. 

Arnsten AF (2009) Toward a new understanding of attention-deficit hyperactivity disorder pathophysiology: an 
important role for prefrontal cortex dysfunction. CNS Drugs 23 Suppl 1:33-41. 

Aston-Jones G, Cohen JD (2005) An integrative theory of locus coeruleus-norepinephrine function: adaptive gain 
and optimal performance. Annu Rev Neurosci 28:403-450. 

Aston-Jones G, Rajkowski J, Kubiak P (1997) Conditioned responses of monkey locus coeruleus neurons anticipate 
acquisition of discriminative behavior in a vigilance task. Neuroscience 80:697-715. 

Aston-Jones G, Rajkowski J, Cohen J (1999) Role of locus coeruleus in attention and behavioral flexibility. Biol 
Psychiatry 46:1309-1320. 

Aston-Jones G, Rajkowski J, Cohen J (2000) Locus coeruleus and regulation of behavioral flexibility and attention. 
Prog Brain Res 126:165-182. 

Averbeck BB, Sohn JW, Lee D (2006) Activity in prefrontal cortex during dynamic selection of action sequences. Nat 
Neurosci 9:276-282. 

Axelrod BN, Goldman RS, Heaton RK, Curtiss G, Thompson LL, Chelune GJ, Kay GG (1996) Discriminability of the 
Wisconsin Card Sorting Test using the standardization sample. J Clin Exp Neuropsychol 18:338-342. 

Baddeley A, Della Sala S (1996) Working memory and executive control. Philos Trans R Soc Lond B Biol Sci 
351:1397-1403; discussion 1403-1394. 

Baeg EH, Kim YB, Huh K, Mook-Jung I, Kim HT, Jung MW (2003) Dynamics of population code for working memory 
in the prefrontal cortex. Neuron 40:177-188. 

Balleine BW, Dickinson A (1998) Goal-directed instrumental action: contingency and incentive learning and their 
cortical substrates. Neuropharmacology 37:407-419. 

Balleine BW, Delgado MR, Hikosaka O (2007) The role of the dorsal striatum in reward and decision-making. J 
Neurosci 27:8161-8165. 

Barcelo F (2001) Does the Wisconsin Card Sorting Test measure prefontral function? Span J Psychol 4:79-100. 
Bartus RT, Levere TE (1977) Frontal decortication in rhesus monkeys: a test of the interference hypothesis. Brain 

Res 119:233-248. 
Baxter MG, Murray EA (2001) Impairments in visual discrimination learning and recognition memory produced by 

neurotoxic lesions of rhinal cortex in rhesus monkeys. Eur J Neurosci 13:1228-1238. 
Berendse HW, Galis-de Graaf Y, Groenewegen HJ (1992) Topographical organization and relationship with ventral 

striatal compartments of prefrontal corticostriatal projections in the rat. J Comp Neurol 316:314-347. 
Birnbaum SG, Yuan PX, Wang M, Vijayraghavan S, Bloom AK, Davis DJ, Gobeske KT, Sweatt JD, Manji HK, 

Arnsten AF (2004) Protein kinase C overactivity impairs prefrontal cortical regulation of working memory. 
Science 306:882-884. 

Birrell JM, Brown VJ (2000) Medial frontal cortex mediates perceptual attentional set shifting in the rat. J Neurosci 
20:4320-4324. 

Bissonette GB, Martins GJ, Franz TM, Harper ES, Schoenbaum G, Powell EM (2008) Double dissociation of the 
effects of medial and orbital prefrontal cortical lesions on attentional and affective shifts in mice. J 
Neurosci 28:11124-11130. 

Block AE, Dhanji H, Thompson-Tardif SF, Floresco SB (2007) Thalamic-prefrontal cortical-ventral striatal circuitry 
mediates dissociable components of strategy set shifting. Cereb Cortex 17:1625-1636. 

Bouret S, Sara SJ (2005) Network reset: a simplified overarching theory of locus coeruleus noradrenaline function. 
Trends Neurosci 28:574-582. 



 

 115

Braver TS, Reynolds JR, Donaldson DI (2003) Neural mechanisms of transient and sustained cognitive control 
during task switching. Neuron 39:713-726. 

Brigman JL, Bussey TJ, Saksida LM, Rothblat LA (2005) Discrimination of multidimensional visual stimuli by mice: 
intra- and extradimensional shifts. Behav Neurosci 119:839-842. 

Broersen LM (2000) Attentional processes and learning and memory in rats: the prefrontal cortex and hippocampus 
compared. Prog Brain Res 126:79-94. 

Broersen LM, Heinsbroek RP, de Bruin JP, Olivier B (1996) Effects of local application of dopaminergic drugs into 
the medial prefrontal cortex of rats on latent inhibition. Biol Psychiatry 40:1083-1090. 

Brog JS, Salyapongse A, Deutch AY, Zahm DS (1993) The patterns of afferent innervation of the core and shell in 
the "accumbens" part of the rat ventral striatum: immunohistochemical detection of retrogradely 
transported fluoro-gold. J Comp Neurol 338:255-278. 

Brown VJ, Bowman EM (2002) Rodent models of prefrontal cortical function. Trends Neurosci 25:340-343. 
Brushfield AM, Luu TT, Callahan BD, Gilbert PE (2008) A comparison of discrimination and reversal learning for 

olfactory and visual stimuli in aged rats. Behav Neurosci 122:54-62. 
Buchwald NA, Hull CD, Levine MS, Villablance J (1975) The basal ganglia and the regulation of response and 

cognitive sets. In: Growth and development of the brain : nutritional, genetic, and environmental factors 
(Brazier MAB, ed), pp 171–189. New York: Raven Press. 

Buschman TJ, Miller EK (2007) Top-down versus bottom-up control of attention in the prefrontal and posterior 
parietal cortices. Science 315:1860-1862. 

Bussey TJ, Muir JL, Robbins TW (1994) A novel automated touchscreen procedure for assessing learning in the rat 
using computer graphic stimuli. Neurosci Res Commun 15:103-110. 

Butovas S, Schwarz C (2003) Spatiotemporal effects of microstimulation in rat neocortex: a parametric study using 
multielectrode recordings. J Neurophysiol 90:3024-3039. 

Cassell MD, Wright DJ (1986) Topography of projections from the medial prefrontal cortex to the amygdala in the 
rat. Brain Res Bull 17:321-333. 

Chang JY, Chen L, Luo F, Shi LH, Woodward DJ (2002) Neuronal responses in the frontal cortico-basal ganglia 
system during delayed matching-to-sample task: ensemble recording in freely moving rats. Exp Brain 
Res 142:67-80. 

Chao LL, Knight RT (1995) Human prefrontal lesions increase distractibility to irrelevant sensory inputs. Neuroreport 
6:1605-1610. 

Christakou A, Robbins TW, Everitt BJ (2004) Prefrontal cortical-ventral striatal interactions involved in affective 
modulation of attentional performance: implications for corticostriatal circuit function. J Neurosci 24:773-
780. 

Chudasama Y, Robbins TW (2003) Dissociable contributions of the orbitofrontal and infralimbic cortex to pavlovian 
autoshaping and discrimination reversal learning: further evidence for the functional heterogeneity of the 
rodent frontal cortex. J Neurosci 23:8771-8780. 

Chudasama Y, Robbins TW (2004) Dopaminergic modulation of visual attention and working memory in the rodent 
prefrontal cortex. Neuropsychopharmacology 29:1628-1636. 

Chudasama Y, Passetti F, Rhodes SE, Lopian D, Desai A, Robbins TW (2003) Dissociable aspects of performance 
on the 5-choice serial reaction time task following lesions of the dorsal anterior cingulate, infralimbic and 
orbitofrontal cortex in the rat: differential effects on selectivity, impulsivity and compulsivity. Behav Brain 
Res 146:105-119. 

Cinelli AR, Ferreyra-Moyano H, Barragan E (1987) Reciprocal functional connections of the olfactory bulbs and 
other olfactory related areas with the prefrontal cortex. Brain Res Bull 19:651-661. 

Cohen JD, Braver TS, O'Reilly RC (1996) A computational approach to prefrontal cortex, cognitive control and 
schizophrenia: recent developments and current challenges. Philos Trans R Soc Lond B Biol Sci 
351:1515-1527. 

Cohen JD, Aston-Jones G, Gilzenrat MS (2004) A systems-level perspective on attention and cognitive control : 
guided activation, adaptive gating, conflict monitoring, and exploitation versus exploration. In: Cognitive 
neuroscience of attention (Posner MI, ed), pp xiii, 466 p. New York: Guilford Press. 

Conde F, Maire-Lepoivre E, Audinat E, Crepel F (1995) Afferent connections of the medial frontal cortex of the rat. II. 
Cortical and subcortical afferents. J Comp Neurol 352:567-593. 

Cook RG, Geller AI, Zhang GR, Gowda R (2004) Touchscreen-enhanced visual learning in rats. Behav Res 
Methods Instrum Comput 36:101-106. 

Cools R, Roberts AC, Robbins TW (2008) Serotoninergic regulation of emotional and behavioural control processes. 
Trends Cogn Sci 12:31-40. 



 

 116

Cools R, Rogers R, Barker RA, Robbins TW (2009) Top-Down Attentional Control in Parkinson's Disease: Salient 
Considerations. J Cogn Neurosci. 

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

Coull JT, Nobre AC (1998) Where and when to pay attention: the neural systems for directing attention to spatial 
locations and to time intervals as revealed by both PET and fMRI. J Neurosci 18:7426-7435. 

Cowen SL, McNaughton BL (2007) Selective Delay Activity in the Medial Prefrontal Cortex of the Rat: The 
Contribution of Sensory-Motor Information and Contingency. J Neurophysiol. 

Crofts HS, Dalley JW, Collins P, Van Denderen JC, Everitt BJ, Robbins TW, Roberts AC (2001) Differential effects 
of 6-OHDA lesions of the frontal cortex and caudate nucleus on the ability to acquire an attentional set. 
Cereb Cortex 11:1015-1026. 

Dalley JW, Cardinal RN, Robbins TW (2004) Prefrontal executive and cognitive functions in rodents: neural and 
neurochemical substrates. Neurosci Biobehav Rev 28:771-784. 

Datiche F, Cattarelli M (1996) Reciprocal and topographic connections between the piriform and prefrontal cortices 
in the rat: a tracing study using the B subunit of the cholera toxin. Brain Res Bull 41:391-398. 

Day M, Carr DB, Ulrich S, Ilijic E, Tkatch T, Surmeier DJ (2005) Dendritic excitability of mouse frontal cortex 
pyramidal neurons is shaped by the interaction among HCN, Kir2, and Kleak channels. J Neurosci 
25:8776-8787. 

Dayan P, Yu AJ (2006) Phasic norepinephrine: a neural interrupt signal for unexpected events. Network 17:335-350. 
de Bruin JP, Sanchez-Santed F, Heinsbroek RP, Donker A, Postmes P (1994) A behavioural analysis of rats with 

damage to the medial prefrontal cortex using the Morris water maze: evidence for behavioural flexibility, 
but not for impaired spatial navigation. Brain Res 652:323-333. 

Dean P (1978) Visual acuity in hooded rats: effects of superior collicular or posterior neocortical lesions. Brain Res 
156:17-31. 

Dean P (1981) Visual pathways and acuity hooded rats. Behav Brain Res 3:239-271. 
Debert P, Matos MA, McIlvane W (2007) Conditional relations with compound abstract stimuli using a go/no-go 

procedure. J Exp Anal Behav 87:89-96. 
Delatour B, Gisquet-Verrier P (2001) Involvement of the dorsal anterior cingulate cortex in temporal behavioral 

sequencing: subregional analysis of the medial prefrontal cortex in rat. Behav Brain Res 126:105-114. 
Devoto P, Flore G (2006) On the Origin of Cortical Dopamine: Is it a Co-Transmitter in Noradrenergic Neurons? Curr 

Neuropharmacol 4:115-125. 
Devoto P, Flore G, Saba P, Fa M, Gessa GL (2005) Stimulation of the locus coeruleus elicits noradrenaline and 

dopamine release in the medial prefrontal and parietal cortex. J Neurochem 92:368-374. 
di Pellegrino G, Wise SP (1993) Visuospatial versus visuomotor activity in the premotor and prefrontal cortex of a 

primate. J Neurosci 13:1227-1243. 
Dias R, Robbins TW, Roberts AC (1996a) Primate analogue of the Wisconsin Card Sorting Test: effects of 

excitotoxic lesions of the prefrontal cortex in the marmoset. Behav Neurosci 110:872-886. 
Dias R, Robbins TW, Roberts AC (1996b) Dissociation in prefrontal cortex of affective and attentional shifts. Nature 

380:69-72. 
Downes JJ, Roberts AC, Sahakian BJ, Evenden JL, Morris RG, Robbins TW (1989) Impaired extra-dimensional shift 

performance in medicated and unmedicated Parkinson's disease: evidence for a specific attentional 
dysfunction. Neuropsychologia 27:1329-1343. 

Duncan J (2001) An adaptive coding model of neural function in prefrontal cortex. Nat Rev Neurosci 2:820-829. 
Egner T, Hirsch J (2005) Cognitive control mechanisms resolve conflict through cortical amplification of task-relevant 

information. Nat Neurosci 8:1784-1790. 
Eichenbaum H, Shedlack KJ, Eckmann KW (1980) Thalamocortical mechanisms in odor-guided behavior. I. Effects 

of lesions of the mediodorsal thalamic nucleus and frontal cortex on olfactory discrimination in the rat. 
Brain Behav Evol 17:255-275. 

Elliott R, McKenna PJ, Robbins TW, Sahakian BJ (1995) Neuropsychological evidence for frontostriatal dysfunction 
in schizophrenia. Psychol Med 25:619-630. 

Euston DR, McNaughton BL (2006) Apparent encoding of sequential context in rat medial prefrontal cortex is 
accounted for by behavioral variability. J Neurosci 26:13143-13155. 

Everling S, Tinsley CJ, Gaffan D, Duncan J (2006) Selective representation of task-relevant objects and locations in 
the monkey prefrontal cortex. Eur J Neurosci 23:2197-2214. 

Feierstein CE, Quirk MC, Uchida N, Sosulski DL, Mainen ZF (2006) Representation of spatial goals in rat 
orbitofrontal cortex. Neuron 51:495-507. 



 

 117

Floresco SB, Magyar O (2006) Mesocortical dopamine modulation of executive functions: beyond working memory. 
Psychopharmacology (Berl) 188:567-585. 

Floresco SB, Zhang Y, Enomoto T (2009) Neural circuits subserving behavioral flexibility and their relevance to 
schizophrenia. Behav Brain Res 204:396-409. 

Floresco SB, Ghods-Sharifi S, Vexelman C, Magyar O (2006a) Dissociable roles for the nucleus accumbens core 
and shell in regulating set shifting. J Neurosci 26:2449-2457. 

Floresco SB, Magyar O, Ghods-Sharifi S, Vexelman C, Tse MT (2006b) Multiple dopamine receptor subtypes in the 
medial prefrontal cortex of the rat regulate set-shifting. Neuropsychopharmacology 31:297-309. 

Floyd NS, Price JL, Ferry AT, Keay KA, Bandler R (2001) Orbitomedial prefrontal cortical projections to 
hypothalamus in the rat. J Comp Neurol 432:307-328. 

Fox MT, Barense MD, Baxter MG (2003) Perceptual attentional set-shifting is impaired in rats with neurotoxic 
lesions of posterior parietal cortex. J Neurosci 23:676-681. 

Freedman DJ, Miller EK (2008) Neural mechanisms of visual categorization: insights from neurophysiology. 
Neurosci Biobehav Rev 32:311-329. 

Frith C (2001) A framework for studying the neural basis of attention. Neuropsychologia 39:1367-1371. 
Funahashi S (2001) Neuronal mechanisms of executive control by the prefrontal cortex. Neurosci Res 39:147-165. 
Fuster JM (1973) Unit activity in prefrontal cortex during delayed-response performance: neuronal correlates of 

transient memory. J Neurophysiol 36:61-78. 
Fuster JM (1985) The prefrontal cortex, mediator of cross-temporal contingencies. Hum Neurobiol 4:169-179. 
Fuster JM (1990) Prefrontal cortex and the bridging of temporal gaps in the perception-action cycle. Ann N Y Acad 

Sci 608:318-329; discussion 330-316. 
Fuster JM (2001) The prefrontal cortex--an update: time is of the essence. Neuron 30:319-333. 
Fuster JM (2008) The prefrontal cortex, 4th Edition. Amsterdam ; London: Academic. 
Fuster JM, Bodner M, Kroger JK (2000) Cross-modal and cross-temporal association in neurons of frontal cortex. 

Nature 405:347-351. 
Gabbott PL, Warner TA, Jays PR, Salway P, Busby SJ (2005) Prefrontal cortex in the rat: projections to subcortical 

autonomic, motor, and limbic centers. J Comp Neurol 492:145-177. 
Gaffan D, Murray EA (1990) Amygdalar interaction with the mediodorsal nucleus of the thalamus and the 

ventromedial prefrontal cortex in stimulus-reward associative learning in the monkey. J Neurosci 
10:3479-3493. 

Garner JP, Thogerson CM, Wurbel H, Murray JD, Mench JA (2006) Animal neuropsychology: validation of the Intra-
Dimensional Extra-Dimensional set shifting task for mice. Behav Brain Res 173:53-61. 

Gauntlett-Gilbert J, Roberts RC, Brown VJ (1999) Mechanisms underlying attentional set-shifting in Parkinson's 
disease. Neuropsychologia 37:605-616. 

Genovesio A, Brasted PJ, Mitz AR, Wise SP (2005) Prefrontal cortex activity related to abstract response strategies. 
Neuron 47:307-320. 

Ghods-Sharifi S, Haluk DM, Floresco SB (2008) Differential effects of inactivation of the orbitofrontal cortex on 
strategy set-shifting and reversal learning. Neurobiol Learn Mem 89:567-573. 

Goldberg TE, Weinberger DR (1988) Probing prefrontal function in schizophrenia with neuropsychological 
paradigms. Schizophr Bull 14:179-183. 

Goldberg TE, Weinberger DR, Berman KF, Pliskin NH, Podd MH (1987) Further evidence for dementia of the 
prefrontal type in schizophrenia? A controlled study of teaching the Wisconsin Card Sorting Test. Arch 
Gen Psychiatry 44:1008-1014. 

Goldman-Rakic PS (1995a) Cellular basis of working memory. Neuron 14:477-485. 
Goldman-Rakic PS (1995b) Architecture of the prefrontal cortex and the central executive. Ann N Y Acad Sci 

769:71-83. 
Gorelova N, Yang CR (1997) The course of neural projection from the prefrontal cortex to the nucleus accumbens in 

the rat. Neuroscience 76:689-706. 
Gothard KM, Skaggs WE, Moore KM, McNaughton BL (1996) Binding of hippocampal CA1 neural activity to multiple 

reference frames in a landmark-based navigation task. J Neurosci 16:823-835. 
Granon S, Hardouin J, Courtier A, Poucet B (1998) Evidence for the involvement of the rat prefrontal cortex in 

sustained attention. Q J Exp Psychol B 51:219-233. 
Grant DA, Berg EA (1948) A behavioral analysis of degree of reinforcement and ease of shifting to new responses in 

a Weigl-type card-sorting problem. J Exp Psychol 38:404-411. 
Gray CM, Maldonado PE, Wilson M, McNaughton B (1995) Tetrodes markedly improve the reliability and yield of 

multiple single-unit isolation from multi-unit recordings in cat striate cortex. J Neurosci Methods 63:43-54. 



 

 118

Groenewegen HJ (1988) Organization of the afferent connections of the mediodorsal thalamic nucleus in the rat, 
related to the mediodorsal-prefrontal topography. Neuroscience 24:379-431. 

Groenewegen HJ, Wright CI, Uylings HB (1997) The anatomical relationships of the prefrontal cortex with limbic 
structures and the basal ganglia. J Psychopharmacol 11:99-106. 

Guldin WO, Markowitsch HJ (1983) Cortical and thalamic afferent connections of the insular and adjacent cortex of 
the rat. J Comp Neurol 215:135-153. 

Hampshire A, Owen AM (2006) Fractionating attentional control using event-related fMRI. Cereb Cortex 16:1679-
1689. 

Han X, Qian X, Bernstein JG, Zhou HH, Franzesi GT, Stern P, Bronson RT, Graybiel AM, Desimone R, Boyden ES 
(2009) Millisecond-timescale optical control of neural dynamics in the nonhuman primate brain. Neuron 
62:191-198. 

Heaton RK, Chelune GJ, Talley JL, Kay GG, Curtis G (1993) Wisconsin Card Sorting Test manual-revised and 
expanded: Psychological Assessment Resources Inc. 

Heidbreder CA, Groenewegen HJ (2003) The medial prefrontal cortex in the rat: evidence for a dorso-ventral 
distinction based upon functional and anatomical characteristics. Neurosci Biobehav Rev 27:555-579. 

Heyder K, Suchan B, Daum I (2004) Cortico-subcortical contributions to executive control. Acta Psychol (Amst) 
115:271-289. 

Hikosaka K, Watanabe M (2004) Long- and short-range reward expectancy in the primate orbitofrontal cortex. Eur J 
Neurosci 19:1046-1054. 

Hoover WB, Vertes RP (2007) Anatomical analysis of afferent projections to the medial prefrontal cortex in the rat. 
Brain Struct Funct. 

Hopfinger JB, Buonocore MH, Mangun GR (2000) The neural mechanisms of top-down attentional control. Nat 
Neurosci 3:284-291. 

Hornak J, O'Doherty J, Bramham J, Rolls ET, Morris RG, Bullock PR, Polkey CE (2004) Reward-related reversal 
learning after surgical excisions in orbito-frontal or dorsolateral prefrontal cortex in humans. J Cogn 
Neurosci 16:463-478. 

Hyafil A, Summerfield C, Koechlin E (2009) Two mechanisms for task switching in the prefrontal cortex. J Neurosci 
29:5135-5142. 

Isomura Y, Ito Y, Akazawa T, Nambu A, Takada M (2003) Neural coding of "attention for action" and "response 
selection" in primate anterior cingulate cortex. J Neurosci 23:8002-8012. 

Ito R, Robbins TW, McNaughton BL, Everitt BJ (2006) Selective excitotoxic lesions of the hippocampus and 
basolateral amygdala have dissociable effects on appetitive cue and place conditioning based on path 
integration in a novel Y-maze procedure. Eur J Neurosci 23:3071-3080. 

Ito S, Stuphorn V, Brown JW, Schall JD (2003) Performance monitoring by the anterior cingulate cortex during 
saccade countermanding. Science 302:120-122. 

Jay TM, Glowinski J, Thierry AM (1989) Selectivity of the hippocampal projection to the prelimbic area of the 
prefrontal cortex in the rat. Brain Res 505:337-340. 

Jazbec S, Pantelis C, Robbins T, Weickert T, Weinberger DR, Goldberg TE (2007) Intra-dimensional/extra-
dimensional set-shifting performance in schizophrenia: impact of distractors. Schizophr Res 89:339-349. 

Johnston K, Levin HM, Koval MJ, Everling S (2007) Top-down control-signal dynamics in anterior cingulate and 
prefrontal cortex neurons following task switching. Neuron 53:453-462. 

Jones BE, Moore RY (1977) Ascending projections of the locus coeruleus in the rat. II. Autoradiographic study. 
Brain Res 127:25-53. 

Jung MW, Qin Y, McNaughton BL, Barnes CA (1998) Firing characteristics of deep layer neurons in prefrontal 
cortex in rats performing spatial working memory tasks. Cereb Cortex 8:437-450. 

Kargo WJ, Szatmary B, Nitz DA (2007) Adaptation of prefrontal cortical firing patterns and their fidelity to changes in 
action-reward contingencies. J Neurosci 27:3548-3559. 

Kay LM, Freeman WJ (1998) Bidirectional processing in the olfactory-limbic axis during olfactory behavior. Behav 
Neurosci 112:541-553. 

Keller J, Strasburger H, Cerutti DT, Sabel BA (2000) Assessing spatial vision - automated measurement of the 
contrast-sensitivity function in the hooded rat. J Neurosci Methods 97:103-110. 

Kesner RP, Hunt ME, Williams JM, Long JM (1996) Prefrontal cortex and working memory for spatial response, 
spatial location, and visual object information in the rat. Cereb Cortex 6:311-318. 

Killcross S, Coutureau E (2003) Coordination of actions and habits in the medial prefrontal cortex of rats. Cereb 
Cortex 13:400-408. 



 

 119

Kim MJ, Chun SK, Kim YB, Mook-Jung I, Jung MW (2003) Long-term potentiation in visual cortical projections to the 
medial prefrontal cortex of the rat. Neuroscience 120:283-289. 

Kolb B, Whishaw IQ (1983) Dissociation of the contributions of the prefrontal, motor, and parietal cortex to the 
control of movement in the rat: an experimental review. Can J Psychol 37:211-232. 

Kolb B, Pellis S, Robinson TE (2004) Plasticity and functions of the orbital frontal cortex. Brain Cogn 55:104-115. 
Kondo H, Osaka N, Osaka M (2004) Cooperation of the anterior cingulate cortex and dorsolateral prefrontal cortex 

for attention shifting. Neuroimage 23:670-679. 
Kopp B, Tabeling S, Moschner C, Wessel K (2006) Fractionating the neural mechanisms of cognitive control. J 

Cogn Neurosci 18:949-965. 
Krettek JE, Price JL (1977) The cortical projections of the mediodorsal nucleus and adjacent thalamic nuclei in the 

rat. J Comp Neurol 171:157-191. 
Lambe EK, Goldman-Rakic PS, Aghajanian GK (2000) Serotonin induces EPSCs preferentially in layer V pyramidal 

neurons of the frontal cortex in the rat. Cereb Cortex 10:974-980. 
Lansink CS, Goltstein PM, Lankelma JV, McNaughton BL, Pennartz CM (2009) Hippocampus leads ventral striatum 

in replay of place-reward information. PLoS Biol 7:e1000173. 
Lansink CS, Bakker M, Buster W, Lankelma J, van der Blom R, Westdorp R, Joosten RN, McNaughton BL, 

Pennartz CM (2007) A split microdrive for simultaneous multi-electrode recordings from two brain areas 
in awake small animals. J Neurosci Methods 162:129-138. 

Lapish CC, Durstewitz D, Chandler LJ, Seamans JK (2008) Successful choice behavior is associated with distinct 
and coherent network states in anterior cingulate cortex. Proc Natl Acad Sci U S A 105:11963-11968. 

Lapiz MD, Morilak DA (2006) Noradrenergic modulation of cognitive function in rat medial prefrontal cortex as 
measured by attentional set shifting capability. Neuroscience 137:1039-1049. 

Lashley KS (1938) Conditional reactions in the rat. The Journal of Psychology 6:311-324. 
Lauwereyns J, Sakagami M, Tsutsui K, Kobayashi S, Koizumi M, Hikosaka O (2001) Responses to task-irrelevant 

visual features by primate prefrontal neurons. J Neurophysiol 86:2001-2010. 
Lavie N (2005) Distracted and confused?: selective attention under load. Trends Cogn Sci 9:75-82. 
Lee E, Oliveira-Ferreira AI, de Water E, Gerritsen H, Bakker MC, Kalwij JAW, T. vG, Buster WH, Pennartz CMA 

(2009) Ensemble recordings in awake rats: achieving behavioral regularity during multimodal stimulus 
processing and discriminative learning. J Exp Anal Behav 92:113-129. 

Leonard CM (1969) The prefrontal cortex of the rat. I. Cortical projection of the mediodorsal nucleus. II. Efferent 
connections. Brain Res 12:321-343. 

Leutgeb S, Leutgeb JK, Barnes CA, Moser EI, McNaughton BL, Moser MB (2005) Independent codes for spatial 
and episodic memory in hippocampal neuronal ensembles. Science 309:619-623. 

Lipton PA, Alvarez P, Eichenbaum H (1999) Crossmodal associative memory representations in rodent orbitofrontal 
cortex. Neuron 22:349-359. 

Loader C (2004) Smoothing : local regression techniques. In: Handbook of computational statistics : concepts and 
methods (Gentle JE, Härdle W, Mori Y, eds), pp 539-564. Berlin ; New York: Springer. 

Lorincz A, Notomi T, Tamas G, Shigemoto R, Nusser Z (2002) Polarized and compartment-dependent distribution of 
HCN1 in pyramidal cell dendrites. Nat Neurosci 5:1185-1193. 

Louie K, Wilson MA (2001) Temporally structured replay of awake hippocampal ensemble activity during rapid eye 
movement sleep. Neuron 29:145-156. 

Lu XC, Slotnick BM, Silberberg AM (1993) Odor matching and odor memory in the rat. Physiol Behav 53:795-804. 
Macaluso E, Frith CD, Driver J (2001) Multimodal mechanisms of attention related to rates of spatial shifting in vision 

and touch. Exp Brain Res 137:445-454. 
MacDonald AW, 3rd, Cohen JD, Stenger VA, Carter CS (2000) Dissociating the role of the dorsolateral prefrontal 

and anterior cingulate cortex in cognitive control. Science 288:1835-1838. 
Mackintosh NJ (1965) Selective Attention in Animal Discrimination Learning. Psychol Bull 64:124-150. 
Mackintosh NJ (1975) A Theory of Attention: Variations in the Associability of Stimuli with Reinforcement. Psychol 

Rev 82:276-298. 
MacLeod CM (1991) Half a century of research on the Stroop effect: an integrative review. Psychol Bull 109:163-

203. 
Maes JH, Vich J, Eling PA (2006) Learned irrelevance and response perseveration in a total change dimensional 

shift task. Brain Cogn 62:74-79. 
Mansouri FA, Matsumoto K, Tanaka K (2006) Prefrontal cell activities related to monkeys' success and failure in 

adapting to rule changes in a Wisconsin Card Sorting Test analog. J Neurosci 26:2745-2756. 



 

 120

Mansouri FA, Buckley MJ, Tanaka K (2007) Mnemonic function of the dorsolateral prefrontal cortex in conflict-
induced behavioral adjustment. Science 318:987-990. 

Mantz J, Milla C, Glowinski J, Thierry AM (1988) Differential effects of ascending neurons containing dopamine and 
noradrenaline in the control of spontaneous activity and of evoked responses in the rat prefrontal cortex. 
Neuroscience 27:517-526. 

Markham MR, Butt AE, Dougher MJ (1996) A computer touch-screen apparatus for training visual discriminations in 
rats. J Exp Anal Behav 65:173-182. 

Marquis JP, Killcross S, Haddon JE (2007) Inactivation of the prelimbic, but not infralimbic, prefrontal cortex impairs 
the contextual control of response conflict in rats. Eur J Neurosci 25:559-566. 

Martinez WL, Martinez AR (2008) Computational statistics handbook with MATLAB, 2nd Edition. Boca Raton, FL: 
Chapman & Hall/CRC. 

McAlonan K, Brown VJ (2003) Orbital prefrontal cortex mediates reversal learning and not attentional set shifting in 
the rat. Behav Brain Res 146:97-103. 

McDonald AJ (1998) Cortical pathways to the mammalian amygdala. Prog Neurobiol 55:257-332. 
McGaughy J, Turchi J, Sarter M (1994) Crossmodal divided attention in rats: effects of chlordiazepoxide and 

scopolamine. Psychopharmacology (Berl) 115:213-220. 
McGaughy J, Ross RS, Eichenbaum H (2008) Noradrenergic, but not cholinergic, deafferentation of prefrontal 

cortex impairs attentional set-shifting. Neuroscience 153:63-71. 
McNaughton BL, O'Keefe J, Barnes CA (1983) The stereotrode: a new technique for simultaneous isolation of 

several single units in the central nervous system from multiple unit records. J Neurosci Methods 8:391-
397. 

Meck WH, Benson AM (2002) Dissecting the brain's internal clock: how frontal-striatal circuitry keeps time and shifts 
attention. Brain Cogn 48:195-211. 

Miller BT, D'Esposito M (2005) Searching for "the top" in top-down control. Neuron 48:535-538. 
Miller EK, Cohen JD (2001) An integrative theory of prefrontal cortex function. Annu Rev Neurosci 24:167-202. 
Miller EK, Erickson CA, Desimone R (1996) Neural mechanisms of visual working memory in prefrontal cortex of the 

macaque. J Neurosci 16:5154-5167. 
Miller EK, Freedman DJ, Wallis JD (2002) The prefrontal cortex: categories, concepts and cognition. Philos Trans R 

Soc Lond B Biol Sci 357:1123-1136. 
Miller G (2006) Optogenetics. Shining new light on neural circuits. Science 314:1674-1676. 
Miner LA, Ostrander M, Sarter M (1997) Effects of ibotenic acid-induced loss of neurons in the medial prefrontal 

cortex of rats on behavioral vigilance: evidence for executive dysfunction. J Psychopharmacol 11:169-
178. 

Minini L, Jeffery KJ (2006) Do rats use shape to solve "shape discriminations"? Learn Mem 13:287-297. 
Moore RY, Bloom FE (1978) Central catecholamine neuron systems: anatomy and physiology of the dopamine 

systems. Annu Rev Neurosci 1:129-169. 
Morgan MA, LeDoux JE (1995) Differential contribution of dorsal and ventral medial prefrontal cortex to the 

acquisition and extinction of conditioned fear in rats. Behav Neurosci 109:681-688. 
Morgan MA, Schulkin J, LeDoux JE (2003) Ventral medial prefrontal cortex and emotional perseveration: the 

memory for prior extinction training. Behav Brain Res 146:121-130. 
Muir JL (1996) Attention and stimulus processing in the rat. Brain Res Cogn Brain Res 3:215-225. 
Muir JL, Dunnett SB, Robbins TW, Everitt BJ (1992) Attentional functions of the forebrain cholinergic systems: 

effects of intraventricular hemicholinium, physostigmine, basal forebrain lesions and intracortical grafts 
on a multiple-choice serial reaction time task. Exp Brain Res 89:611-622. 

Mulder AB, Nordquist R, Orgut O, Pennartz CM (2000) Plasticity of neuronal firing in deep layers of the medial 
prefrontal cortex in rats engaged in operant conditioning. Prog Brain Res 126:287-301. 

Mulder AB, Nordquist RE, Orgut O, Pennartz CM (2003) Learning-related changes in response patterns of prefrontal 
neurons during instrumental conditioning. Behav Brain Res 146:77-88. 

Nagahama Y, Okada T, Katsumi Y, Hayashi T, Yamauchi H, Oyanagi C, Konishi J, Fukuyama H, Shibasaki H 
(2001) Dissociable mechanisms of attentional control within the human prefrontal cortex. Cereb Cortex 
11:85-92. 

Nagano-Saito A, Leyton M, Monchi O, Goldberg YK, He Y, Dagher A (2008) Dopamine depletion impairs 
frontostriatal functional connectivity during a set-shifting task. J Neurosci 28:3697-3706. 

Narayanan NS, Laubach M (2006) Top-down control of motor cortex ensembles by dorsomedial prefrontal cortex. 
Neuron 52:921-931. 



 

 121

Narayanan NS, Horst NK, Laubach M (2006) Reversible inactivations of rat medial prefrontal cortex impair the ability 
to wait for a stimulus. Neuroscience 139:865-876. 

Ng CW, Noblejas MI, Rodefer JS, Smith CB, Poremba A (2007) Double dissociation of attentional resources: 
prefrontal versus cingulate cortices. J Neurosci 27:12123-12131. 

Nolan MF, Malleret G, Dudman JT, Buhl DL, Santoro B, Gibbs E, Vronskaya S, Buzsaki G, Siegelbaum SA, Kandel 
ER, Morozov A (2004) A behavioral role for dendritic integration: HCN1 channels constrain spatial 
memory and plasticity at inputs to distal dendrites of CA1 pyramidal neurons. Cell 119:719-732. 

Nyhus E, Barcelo F (2009) The Wisconsin Card Sorting Test and the cognitive assessment of prefrontal executive 
functions: a critical update. Brain Cogn 71:437-451. 

O'Doherty J, Kringelbach ML, Rolls ET, Hornak J, Andrews C (2001) Abstract reward and punishment 
representations in the human orbitofrontal cortex. Nat Neurosci 4:95-102. 

O'Keefe J, Recce ML (1993) Phase relationship between hippocampal place units and the EEG theta rhythm. 
Hippocampus 3:317-330. 

Ongur D, Price JL (2000) The organization of networks within the orbital and medial prefrontal cortex of rats, 
monkeys and humans. Cereb Cortex 10:206-219. 

Owen AM, Roberts AC, Polkey CE, Sahakian BJ, Robbins TW (1991) Extra-dimensional versus intra-dimensional 
set shifting performance following frontal lobe excisions, temporal lobe excisions or amygdalo-
hippocampectomy in man. Neuropsychologia 29:993-1006. 

Owen AM, Roberts AC, Hodges JR, Summers BA, Polkey CE, Robbins TW (1993) Contrasting mechanisms of 
impaired attentional set-shifting in patients with frontal lobe damage or Parkinson's disease. Brain 116 ( 
Pt 5):1159-1175. 

Padoa-Schioppa C, Assad JA (2006) Neurons in the orbitofrontal cortex encode economic value. Nature 441:223-
226. 

Pashler HE (1998) The psychology of attention. Cambridge, Mass.: MIT Press. 
Passetti F, Chudasama Y, Robbins TW (2002) The frontal cortex of the rat and visual attentional performance: 

dissociable functions of distinct medial prefrontal subregions. Cereb Cortex 12:1254-1268. 
Passetti F, Dalley JW, O'Connell MT, Everitt BJ, Robbins TW (2000) Increased acetylcholine release in the rat 

medial prefrontal cortex during performance of a visual attentional task. Eur J Neurosci 12:3051-3058. 
Paxinos G, Watson C (1998) The rat brain in stereotaxic coordinates, 4th Edition. San Diego: Academic Press. 
Paz R, Natan C, Boraud T, Bergman H, Vaadia E (2005) Emerging patterns of neuronal responses in 

supplementary and primary motor areas during sensorimotor adaptation. J Neurosci 25:10941-10951. 
Pennartz CM (1997) Reinforcement learning by Hebbian synapses with adaptive thresholds. Neuroscience 81:303-

319. 
Pennartz CM, Lee E, Verheul J, Lipa P, Barnes CA, McNaughton BL (2004) The ventral striatum in off-line 

processing: ensemble reactivation during sleep and modulation by hippocampal ripples. J Neurosci 
24:6446-6456. 

Petrides M, Pandya DN (2002) Comparative cytoarchitectonic analysis of the human and the macaque ventrolateral 
prefrontal cortex and corticocortical connection patterns in the monkey. Eur J Neurosci 16:291-310. 

Peyrache A, Khamassi M, Benchenane K, Wiener SI, Battaglia FP (2009) Replay of rule-learning related neural 
patterns in the prefrontal cortex during sleep. Nat Neurosci 12:919-926. 

Polley DB, Steinberg EE, Merzenich MM (2006) Perceptual learning directs auditory cortical map reorganization 
through top-down influences. J Neurosci 26:4970-4982. 

Posner MI (2004) Cognitive neuroscience of attention. New York: Guilford Press. 
Posner MI, Petersen SE (1990) The attention system of the human brain. Annu Rev Neurosci 13:25-42. 
Posner MI, Dehaene S (1994) Attentional networks. Trends Neurosci 17:75-79. 
Pratt WE, Mizumori SJ (2001) Neurons in rat medial prefrontal cortex show anticipatory rate changes to predictable 

differential rewards in a spatial memory task. Behav Brain Res 123:165-183. 
Preuss TM (1995) Do Rats Have Prefrontal Cortex? The Rose-Woolsey-Akert Program Reconsidered. J Cogn 

Neurosci 7:1–24. 
Prusky GT, West PW, Douglas RM (2000) Behavioral assessment of visual acuity in mice and rats. Vision Res 

40:2201-2209. 
Quirk GJ, Garcia R, Gonzalez-Lima F (2006) Prefrontal mechanisms in extinction of conditioned fear. Biol Psychiatry 

60:337-343. 
Ragozzino M (2007) The Contribution of the Medial Prefrontal Cortex, Orbitofrontal Cortex and Dorsomedial 

Striatum to Behavioral Flexibility. Ann N Y Acad Sci. 



 

 122

Ragozzino ME, Rozman S (2007) The effect of rat anterior cingulate inactivation on cognitive flexibility. Behav 
Neurosci 121:698-706. 

Ragozzino ME, Adams S, Kesner RP (1998) Differential involvement of the dorsal anterior cingulate and prelimbic-
infralimbic areas of the rodent prefrontal cortex in spatial working memory. Behav Neurosci 112:293-303. 

Ragozzino ME, Detrick S, Kesner RP (1999a) Involvement of the prelimbic-infralimbic areas of the rodent prefrontal 
cortex in behavioral flexibility for place and response learning. J Neurosci 19:4585-4594. 

Ragozzino ME, Wilcox C, Raso M, Kesner RP (1999b) Involvement of rodent prefrontal cortex subregions in 
strategy switching. Behav Neurosci 113:32-41. 

Ragozzino ME, Kim J, Hassert D, Minniti N, Kiang C (2003) The contribution of the rat prelimbic-infralimbic areas to 
different forms of task switching. Behav Neurosci 117:1054-1065. 

Rainer G, Asaad WF, Miller EK (1998) Selective representation of relevant information by neurons in the primate 
prefrontal cortex. Nature 393:577-579. 

Ramus SJ, Eichenbaum H (2000) Neural correlates of olfactory recognition memory in the rat orbitofrontal cortex. J 
Neurosci 20:8199-8208. 

Rao SG, Williams GV, Goldman-Rakic PS (2000) Destruction and creation of spatial tuning by disinhibition: 
GABA(A) blockade of prefrontal cortical neurons engaged by working memory. J Neurosci 20:485-494. 

Reep RL, Corwin JV, King V (1996) Neuronal connections of orbital cortex in rats: topography of cortical and 
thalamic afferents. Exp Brain Res 111:215-232. 

Rich EL, Shapiro ML (2007) Prelimbic/infralimbic inactivation impairs memory for multiple task switches, but not 
flexible selection of familiar tasks. J Neurosci 27:4747-4755. 

Rich EL, Shapiro M (2009) Rat prefrontal cortical neurons selectively code strategy switches. J Neurosci 29:7208-
7219. 

Ridderinkhof KR, Span MM, van der Molen MW (2002) Perseverative behavior and adaptive control in older adults: 
performance monitoring, rule induction, and set shifting. Brain Cogn 49:382-401. 

Robbins TW (1996) Dissociating executive functions of the prefrontal cortex. Philos Trans R Soc Lond B Biol Sci 
351:1463-1470; discussion 1470-1461. 

Robbins TW (2002) The 5-choice serial reaction time task: behavioural pharmacology and functional 
neurochemistry. Psychopharmacology (Berl) 163:362-380. 

Robbins TW (2007) Shifting and stopping: fronto-striatal substrates, neurochemical modulation and clinical 
implications. Philos Trans R Soc Lond B Biol Sci 362:917-932. 

Robbins TW, Arnsten AF (2009) The neuropsychopharmacology of fronto-executive function: monoaminergic 
modulation. Annu Rev Neurosci 32:267-287. 

Roberts AC, Robbins TW, Everitt BJ (1988) The effects of intradimensional and extradimensional shifts on visual 
discrimination learning in humans and non-human primates. Q J Exp Psychol B 40:321-341. 

Rogers RD, Sahakian BJ, Hodges JR, Polkey CE, Kennard C, Robbins TW (1998) Dissociating executive 
mechanisms of task control following frontal lobe damage and Parkinson's disease. Brain 121 ( Pt 
5):815-842. 

Rolls ET (2004) Convergence of sensory systems in the orbitofrontal cortex in primates and brain design for 
emotion. Anat Rec A Discov Mol Cell Evol Biol 281:1212-1225. 

Rossetti ZL, Carboni S (2005) Noradrenaline and dopamine elevations in the rat prefrontal cortex in spatial working 
memory. J Neurosci 25:2322-2329. 

Rossi AF, Bichot NP, Desimone R, Ungerleider LG (2007) Top down attentional deficits in macaques with lesions of 
lateral prefrontal cortex. J Neurosci 27:11306-11314. 

Rubinstein JS, Meyer DE, Evans JE (2001) Executive control of cognitive processes in task switching. J Exp 
Psychol Hum Percept Perform 27:763-797. 

Sara SJ (2009) The locus coeruleus and noradrenergic modulation of cognition. Nat Rev Neurosci 10:211-223. 
Sara SJ, Dyon-Laurent C, Herve A (1995) Novelty seeking behavior in the rat is dependent upon the integrity of the 

noradrenergic system. Brain Res Cogn Brain Res 2:181-187. 
Sara SJ, Roullet P, Przybyslawski J (1999) Consolidation of memory for odor-reward association: beta-adrenergic 

receptor involvement in the late phase. Learn Mem 6:88-96. 
Sarter M, McGaughy J (1998) Assessment of sustained and divided attention in rats: aspects of validity; comment]. 

Psychopharmacology (Berl) 138:260-262; discussion 263-265. 
Sarter M, Hasselmo ME, Bruno JP, Givens B (2005) Unraveling the attentional functions of cortical cholinergic 

inputs: interactions between signal-driven and cognitive modulation of signal detection. Brain Res Brain 
Res Rev 48:98-111. 



 

 123

Sawaguchi T, Goldman-Rakic PS (1994) The role of D1-dopamine receptor in working memory: local injections of 
dopamine antagonists into the prefrontal cortex of rhesus monkeys performing an oculomotor delayed-
response task. J Neurophysiol 71:515-528. 

Schmitzer-Torbert N, Jackson J, Henze D, Harris K, Redish AD (2005) Quantitative measures of cluster quality for 
use in extracellular recordings. Neuroscience 131:1-11. 

Schoenbaum G (2002) Olfactory Learning and the Neurophysiological Study of Rat Prefrontal Function. In: Methods 
in chemosensory research (Simon SA, Nicolelis MAL, eds), pp 371-427. Boca Raton: CRC Press. 

Schoenbaum G, Eichenbaum H (1995) Information coding in the rodent prefrontal cortex. I. Single-neuron activity in 
orbitofrontal cortex compared with that in pyriform cortex. J Neurophysiol 74:733-750. 

Schoenbaum G, Setlow B (2001) Integrating orbitofrontal cortex into prefrontal theory: common processing themes 
across species and subdivisions. Learn Mem 8:134-147. 

Schoenbaum G, Chiba AA, Gallagher M (1999) Neural encoding in orbitofrontal cortex and basolateral amygdala 
during olfactory discrimination learning. J Neurosci 19:1876-1884. 

Schoenbaum G, Saddoris MP, Stalnaker TA (2007) Reconciling the roles of orbitofrontal cortex in reversal learning 
and the encoding of outcome expectancies. Ann N Y Acad Sci 1121:320-335. 

Schoenbaum G, Nugent SL, Saddoris MP, Setlow B (2002) Orbitofrontal lesions in rats impair reversal but not 
acquisition of go, no-go odor discriminations. Neuroreport 13:885-890. 

Schultz W, Dayan P, Montague PR (1997) A neural substrate of prediction and reward. Science 275:1593-1599. 
Seamans JK, Floresco SB, Phillips AG (1995) Functional differences between the prelimbic and anterior cingulate 

regions of the rat prefrontal cortex. Behav Neurosci 109:1063-1073. 
Servan-Schreiber D, Printz H, Cohen JD (1990) A network model of catecholamine effects: gain, signal-to-noise 

ratio, and behavior. Science 249:892-895. 
Shallice T (1982) Specific impairments of planning. Philos Trans R Soc Lond B Biol Sci 298:199-209. 
Shallice T, Burgess PW (1991) Deficits in strategy application following frontal lobe damage in man. Brain 114 ( Pt 

2):727-741. 
Shallice T, Stuss DT, Picton TW, Alexander MP, Gillingham S (2008) Mapping task switching in frontal cortex 

through neuropsychological group studies. Front Neurosci 2:79-85. 
Shi C, Davis M (2001) Visual pathways involved in fear conditioning measured with fear-potentiated startle: 

behavioral and anatomic studies. J Neurosci 21:9844-9855. 
Shidara M, Aigner TG, Richmond BJ (1998) Neuronal signals in the monkey ventral striatum related to progress 

through a predictable series of trials. J Neurosci 18:2613-2625. 
Shomstein S, Yantis S (2004) Control of attention shifts between vision and audition in human cortex. J Neurosci 

24:10702-10706. 
Simpson EL, Gaffan EA (1999) Scene and object vision in rats. Q J Exp Psychol B 52:1-29. 
Slotnick B (2001) Animal cognition and the rat olfactory system. Trends Cogn Sci 5:216-222. 
Smith EE, Jonides J (1999) Storage and executive processes in the frontal lobes. Science 283:1657-1661. 
Spiro RJ, Feltovich PJ, Jacobson MJ, Coulson RL (1992) Cognitive flexibility, constructivism and hypertext: Random 

access instruction for advanced knowledge acquisition in ill-structured domains. . In: Constructivism and 
the technology of instruction : a conversation (Duffy TM, Jonassen DH, eds), pp xi, 221 p. Hillsdale, N.J.: 
Lawrence Erlbaum Associates Publishers. 

Stefani MR, Groth K, Moghaddam B (2003) Glutamate receptors in the rat medial prefrontal cortex regulate set-
shifting ability. Behav Neurosci 117:728-737. 

Steinbusch HW (1981) Distribution of serotonin-immunoreactivity in the central nervous system of the rat-cell bodies 
and terminals. Neuroscience 6:557-618. 

Steinmetz PN, Roy A, Fitzgerald PJ, Hsiao SS, Johnson KO, Niebur E (2000) Attention modulates synchronized 
neuronal firing in primate somatosensory cortex. Nature 404:187-190. 

Steketee JD (2003) Neurotransmitter systems of the medial prefrontal cortex: potential role in sensitization to 
psychostimulants. Brain Res Brain Res Rev 41:203-228. 

Stuss DT, Alexander MP (2000) Executive functions and the frontal lobes: a conceptual view. Psychol Res 63:289-
298. 

Sugihara T, Diltz MD, Averbeck BB, Romanski LM (2006) Integration of auditory and visual communication 
information in the primate ventrolateral prefrontal cortex. J Neurosci 26:11138-11147. 

Sutherland NS, Mackintosh NJ (1971) Mechanisms of animal discrimination learning. New York,: Academic Press. 
Sutton RS (1988) Learning to predict by the method of temporal difference. Machine Learning 3:9-44. 
Szabo-Salfay O, Palhalmi J, Szatmari E, Barabas P, Szilagyi N, Juhasz G (2001) The electroretinogram and visual 

evoked potential of freely moving rats. Brain Res Bull 56:7-14. 



 

 124

Szatkowska I, Szymanska O, Bojarski P, Grabowska A (2007) Cognitive inhibition in patients with medial 
orbitofrontal damage. Exp Brain Res 181:109-115. 

Tait DS, Brown VJ (2008) Lesions of the basal forebrain impair reversal learning but not shifting of attentional set in 
rats. Behav Brain Res 187:100-108. 

Tait DS, Brown VJ, Farovik A, Theobald DE, Dalley JW, Robbins TW (2007) Lesions of the dorsal noradrenergic 
bundle impair attentional set-shifting in the rat. Eur J Neurosci 25:3719-3724. 

Takehara-Nishiuchi K, McNaughton BL (2008) Spontaneous changes of neocortical code for associative memory 
during consolidation. Science 322:960-963. 

Talsma D, Doty TJ, Woldorff MG (2007) Selective attention and audiovisual integration: is attending to both 
modalities a prerequisite for early integration? Cereb Cortex 17:679-690. 

Tatsuno M, Lipa P, McNaughton BL (2006) Methodological considerations on the use of template matching to study 
long-lasting memory trace replay. J Neurosci 26:10727-10742. 

Taylor JR, Birnbaum S, Ubriani R, Arnsten AF (1999) Activation of cAMP-dependent protein kinase A in prefrontal 
cortex impairs working memory performance. J Neurosci 19:RC23. 

Tomita H, Ohbayashi M, Nakahara K, Hasegawa I, Miyashita Y (1999) Top-down signal from prefrontal cortex in 
executive control of memory retrieval. Nature 401:699-703. 

Tremblay L, Schultz W (1999) Relative reward preference in primate orbitofrontal cortex. Nature 398:704-708. 
Treue S, Maunsell JH (1996) Attentional modulation of visual motion processing in cortical areas MT and MST. 

Nature 382:539-541. 
Tronel S, Sara SJ (2002) Mapping of olfactory memory circuits: region-specific c-fos activation after odor-reward 

associative learning or after its retrieval. Learn Mem 9:105-111. 
Tse D, Langston RF, Kakeyama M, Bethus I, Spooner PA, Wood ER, Witter MP, Morris RG (2007) Schemas and 

memory consolidation. Science 316:76-82. 
Uwano T, Nishijo H, Ono T, Tamura R (1995) Neuronal responsiveness to various sensory stimuli, and associative 

learning in the rat amygdala. Neuroscience 68:339-361. 
Uylings HB, Groenewegen HJ, Kolb B (2003) Do rats have a prefrontal cortex? Behav Brain Res 146:3-17. 
van den Broek MD, Bradshaw CM, Szabadi E (1993) Utility of the Modified Wisconsin Card Sorting Test in 

neuropsychological assessment. Br J Clin Psychol 32 ( Pt 3):333-343. 
van Duuren E, Lankelma J, Pennartz CM (2008) Population coding of reward magnitude in the orbitofrontal cortex of 

the rat. J Neurosci 28:8590-8603. 
van Duuren E, Escamez FA, Joosten RN, Visser R, Mulder AB, Pennartz CM (2007) Neural coding of reward 

magnitude in the orbitofrontal cortex of the rat during a five-odor olfactory discrimination task. Learn Mem 
14:446-456. 

van Duuren E, van der Plasse G, Lankelma J, Joosten RN, Feenstra MG, Pennartz CM (2009) Single-cell and 
population coding of expected reward probability in the orbitofrontal cortex of the rat. J Neurosci 29:8965-
8976. 

Van Eden CG, Lamme VA, Uylings HB (1992) Heterotopic Cortical Afferents to the Medial Prefrontal Cortex in the 
Rat. A Combined Retrograde and Anterograde Tracer Study. Eur J Neurosci 4:77-97. 

Vertes RP (2004) Differential projections of the infralimbic and prelimbic cortex in the rat. Synapse 51:32-58. 
Vijayraghavan S, Wang M, Birnbaum SG, Williams GV, Arnsten AF (2007) Inverted-U dopamine D1 receptor 

actions on prefrontal neurons engaged in working memory. Nat Neurosci 10:376-384. 
Voorn P, Vanderschuren LJ, Groenewegen HJ, Robbins TW, Pennartz CM (2004) Putting a spin on the dorsal-

ventral divide of the striatum. Trends Neurosci 27:468-474. 
Wallis JD, Anderson KC, Miller EK (2001) Single neurons in prefrontal cortex encode abstract rules. Nature 

411:953-956. 
Wang CC, Shyu BC (2004) Differential projections from the mediodorsal and centrolateral thalamic nuclei to the 

frontal cortex in rats. Brain Res 995:226-235. 
Wang M, Ramos BP, Paspalas CD, Shu Y, Simen A, Duque A, Vijayraghavan S, Brennan A, Dudley A, Nou E, 

Mazer JA, McCormick DA, Arnsten AF (2007) Alpha2A-adrenoceptors strengthen working memory 
networks by inhibiting cAMP-HCN channel signaling in prefrontal cortex. Cell 129:397-410. 

Watanabe M (1996) Reward expectancy in primate prefrontal neurons. Nature 382:629-632. 
Weiner I, Gal G, Rawlins JN, Feldon J (1996) Differential involvement of the shell and core subterritories of the 

nucleus accumbens in latent inhibition and amphetamine-induced activity. Behav Brain Res 81:123-133. 
Weissman DH, Warner LM, Woldorff MG (2004) The neural mechanisms for minimizing cross-modal distraction. J 

Neurosci 24:10941-10949. 
White IM, Wise SP (1999) Rule-dependent neuronal activity in the prefrontal cortex. Exp Brain Res 126:315-335. 



 

 125

Wiest MC, Bentley N, Nicolelis MA (2005) Heterogeneous integration of bilateral whisker signals by neurons in 
primary somatosensory cortex of awake rats. J Neurophysiol 93:2966-2973. 

Williams GV, Goldman-Rakic PS (1995) Modulation of memory fields by dopamine D1 receptors in prefrontal cortex. 
Nature 376:572-575. 

Wilson MA, McNaughton BL (1993) Dynamics of the hippocampal ensemble code for space. Science 261:1055-
1058. 

Winstanley CA, Theobald DE, Dalley JW, Cardinal RN, Robbins TW (2006) Double dissociation between 
serotonergic and dopaminergic modulation of medial prefrontal and orbitofrontal cortex during a test of 
impulsive choice. Cereb Cortex 16:106-114. 

Woodman GF, Luck SJ, Schall JD (2007) The role of working memory representations in the control of attention. 
Cereb Cortex 17 Suppl 1:i118-124. 

Yamaguchi S, Knight RT (1990) Gating of somatosensory input by human prefrontal cortex. Brain Res 521:281-288. 
Yamamura S, Ohoyama K, Hamaguchi T, Kashimoto K, Nakagawa M, Kanehara S, Suzuki D, Matsumoto T, 

Motomura E, Shiroyama T, Okada M (2009) Effects of quetiapine on monoamine, GABA, and glutamate 
release in rat prefrontal cortex. Psychopharmacology (Berl) 206:243-258. 

Zahrt J, Taylor JR, Mathew RG, Arnsten AF (1997) Supranormal stimulation of D1 dopamine receptors in the rodent 
prefrontal cortex impairs spatial working memory performance. J Neurosci 17:8528-8535. 

Zhang K, Ginzburg I, McNaughton BL, Sejnowski TJ (1998) Interpreting neuronal population activity by 
reconstruction: unified framework with application to hippocampal place cells. J Neurophysiol 79:1017-
1044. 

Zoubir AM, Iskander DR (2004) Boostrap techniques for signal processing. Cambridge, England ; New York: 
Cambridge. 

 


