Attention – Top Down Control

	Task Name
	Description
	Cognitive Construct Validity
	Neural Construct Validity
	Sensitivity to Manipulation
	Relationships to Behavior and Schizophrenia
	Psychometrics
	Stage of Research

	Guided Search

ERP
	This is a type of visual search in which top-down information about relevant features is used to guide attention to likely targets (i.e., those that contain features that are present in the target).  The number of items that contain vs. do not contain the relevant features is varied, and reaction time methods are used to determine whether subjects can limit their search to the items containing the relevant features.  For example, a typical experiment would contain two conditions, and the target in both conditions would be a red item.  The number of items in each stimulus array would be 6, 12, or 18.  Subjects respond when they find the target (e.g., a red item of a particular shape).  In one condition, half of the items in each array are red; in the other condition, 3 of the items in each array are red (regardless of the total number of items).  If subjects can restrict attention to the red items, then their reaction times should be constant as the total number of items increases when each array contains 3 red items.  This requires the use of a top-down signal, presumably from prefrontal cortex, that controls the operation of posterior attentional selection mechanisms to limit search to the red items.  The condition in which half of the items are red is used to detect differences in overall search rate.  Various waveforms can be measured using ERPs.

MANUSCRIPTS ON THE WEBSITE:

Egeth, H. E., Virzi, R. A., & Garbart, H. (1984). Searching for conjunctively defined targets. J Exp Psychol Hum Percept Perform, 10(1), 32-39.

Gold, J. M., Fuller, R. L., Robinson, B. M., Braun, E. L., & Luck, S. J. (2007). Impaired top-down control of visual search in schizophrenia. Schizophr Res, 94(1-3), 148-155.


	Many RT studies show that attention can be limited on the basis of top-down information to task-relevant items, and others show that bottom-up sensory signals compete with top-down control signals for control over attention.

Egeth, Virzi, & Garbart, 1984


( ADDIN EN.CITE ; Wolfe, Cave, & Franzel, 1989)
.
	Single-unit studies show that top-down control may be implemented by means of working memory representations of the target (a target "template") that are active in visual cortex and PFC.  When top-down control is necessary to find a target, PFC appears to detect the target first.  When bottom-up signals are used, posterior parietal cortex appears to detect the target first.  Neuroimaging studies also show that changes in top-down control of search are accompanied by PFC activation.

Buschman & Miller, 2007


( ADDIN EN.CITE ; Chelazzi, Miller, Duncan, & Desimone, 2001)
.
	Not Known
	Behavioral performance known to be impaired in schizophrenia, but unknown at neural level.

Gold, Fuller, Robinson, Braun, & Luck, 2007()

	Wolfe et al. (1989) show that the spontaneous use of top-down control in visual search develops over the course of a session (in college students).  However, practice effects have not been documented when the top-down control is explicit in the task Wolfe et al., 1989()
.

 
	There is evidence that this specific task elicits deficits in schizophrenia at the behavioral level.  Unknown at the neural level.

We need to assess psychometric characteristics such as test-retest reliability, practice effects, and ceiling/floor effects for the imaging and behavioral data.

We need to study whether or not performance on this task changes in response to psychological or pharmacological intervention.

	McGaughy & Sarter Sustained Attention Task

ASL or fMRI


	This is a sustained-attention signal-detection task performed under standard and distracting conditions. For each trial, participants indicate the presence or absence of a small, variable-duration stimulus presented under either standard (constant lighting) or distracting (flashing houselight for rats, flashing computer screen for humans) conditions, with rewards for correct performance.  The distracting condition is meant to tax top-down control of attention. 

McGaughy, Kaiser, & Sarter, 1996b


( ADDIN EN.CITE ; McGaughy & Sarter, 1995b; Sarter et al., 1996)
.

Demeter, Hernandez-Garcia, Sarter, & Lustig, 2010


( ADDIN EN.CITE ; Demeter, Sarter, & Lustig, 2008)

MANUSCRIPTS ON THE WEBSITE:

Demeter, E., Hernandez-Garcia, L., Sarter, M., & Lustig, C. (2010). Challenges to attention: A continuous arterial spin labeling (ASL) study of the effects of distraction on sustained attention. Neuroimage.

Demeter, E., Sarter, M., & Lustig, C. (2008). Rats and humans paying attention: cross-species task development for translational research. Neuropsychology, 22(6), 787-799.

Neuropsychopharmacology.


	The rodent version of this task was designed to incorporate variables thought to increase

the overall cognitive load of the task, such as competing response rules, variable signal duration and variable intertrial intervals (ITI), as conceptualized by Parasuraman and colleagues

Parasuraman & Davies, 1976


( ADDIN EN.CITE ; Parasuraman & Mouloua, 1987; Parasuraman, Warm, & Dember, 1987)
. The original design and validation of this task in animals Bushnell, 1999


( ADDIN EN.CITE ; McGaughy & Sarter, 1995a)
 focused on the demonstration of construct validity in keeping with

Parasuraman’s framework. These validation studies included the characterization of the effects of signal intensity, signal duration,

event rate, and distractors 

Bushnell, 1999


( ADDIN EN.CITE ; Echevarria et al., 2005; Newman & McGaughy, 2008)
.


	We used this task to test the hypotheses that BA 9 is sensitive to changes in the demand for cognitive control and that this sensitivity reflects an increased engagement of attentional effort Demeter et al., 2010()
. Continuous arterial spin labeling (ASL) was used to measure neural 33 activity in sixteen healthy, young adults performing a sustained attention task under standard conditions and  under a  distraction condition that provided an experimental manipulation of demands on cognitive control. The distractor impaired behavioral performance and increased activation in right middle frontal gyrus. Larger increases in right middle frontal gyrus activity were associated with greater behavioral vulnerability to the distractor. These findings indicate that while right middle frontal gyrus regions are sensitive to demands for 38 attentional effort and control, they may not be sufficient to maintain performance under challenge (Demeter, Hernandez-Garcia, Sarter & Lustig, 2010, NeuroImage; PrePub available).  

This task has been extensively used in

rodent research to determine the role of the cholinergic system in sustained attention 

Kozak et al., 2007


( ADDIN EN.CITE ; McGaughy, Kaiser, & Sarter, 1996a; Sarter, Hasselmo, Bruno, & Givens, 2005)
. 

	Known in animal models, unknown in human version.
	We do not have imaging data from patients but we do have performance data from outpatients. Ten stable, medicated outpatients and ten age- and gender- matched controls each completed two eight-minute runs of the dSAT. Overall, patients with schizophrenia had lower SAT scores compared to controls, but they still showed relatively high performance when distraction was not present.  Patients were more strongly affected by the presence of distraction than controls, with their SAT scores dropping by 0.23 on average during distraction compared to a 0.03 drop in SAT scores in controls. Analysis of the hit and false alarm data showed that the patients’ distractor effect stemmed from both fewer hits during distraction and more false alarms. This greater distractor effect in patients was not due to a loss of perceptual sensitivity, as analysis of dʹ scores showed that dʹ scores dropped for both patients and controls by comparable amounts with distraction. 


	The repetition of the dSAT run allowed for calculation of Cronbach alpha values as a measure of how reliable the patients’ data was across the two runs, with values above 0.8 were considered reliable. Schizophrenic patients showed good internal reliability on repeated administration of the dSAT (Cronbach alpha values 0.98 and 0.95 for the SAT and dSAT conditions, respectively). Collectively, these data support both the feasibility and usefulness of the dSAT for investigating attentional control deficits in patients with schizophrenia (Demeter et al., in prep).For rats: daily testing indicates extremely stable performance over time.
	There is evidence that this specific task elicits deficits in schizophrenia at the behavioral level.  Unknown at the neural level.

Data already exists on psychometric characteristics of this task in RATS, such as test-retest reliability, practice effects, ceiling/floor effects.  More needs to be known for humans at the behavioral and neural level.

There is evidence that performance on this task can improve in response to psychological or pharmacological interventions in RATS.

	MONSTER TASK

ERP
	This paradigm is called the MONSTER approach (Manipulation of Orthogonal Neural Systems Together in Electrophysiological Recordings).  It is not a single paradigm, but rather a general approach for efficiently measuring multiple ERP components that reflect different neural/cognitive systems.  The general idea is to have multiple factors that are manipulated orthogonally in a single block of trials, such that the same set of trials can be recombined in different orthogonal ways to extract different components.  This is much more efficient than running a separate block of trials to measure the effect of each manipulation.    For example, the N2pc and the P3 can be measured in the same paradigm by combining a factor of attended stimulus side (left vs. right) with a factor of stimulus probability (rare vs. frequent).  On each trial, a black character appears on the left side of the fixation point and a right character appears on the right side.  Subjects are instructed to press one of two buttons to indicate whether the black character is a consonant or a vowel (this is actually counterbalanced, with attention directed to the black character in some trial blocks and to the white character in others).  The side containing the black item varies unpredictably from one stimulus to the next.  The N2pc is isolated with a contralateral-minus-ipsilateral difference waveform (contra vs. ipsi hemisphere relative to the location of the stimulus).  The black character would be a consonant on most trials (e.g., 80%) and a vowel on the remaining trials (e.g., 20%; this would also be counterbalanced).  The P3 is isolated with a rare-minus-frequent difference wave (irrespective of which side contained the black character).  All of the trials are used for both the N2pc subtraction (contra minus ipsi, collapsed across rare and frequent) and the P3 subtraction (rare minus frequent, collapsed across contra and ipsi), dramatically increasing the amount of information that can be obtained in a given amount of recording time.  It is possible to isolate 3 or even 4 different components simultaneously with this approach.  For example, we have combined the P3 and N2pc manipulations with an upper vs. lower field manipulation that isolates the C1 wave (reflecting primarily activity in area V1).

Hackley, Schankin, Wohlschlaeger, & Wascher, 2007


( ADDIN EN.CITE ; Luck et al., 2009)

MANUSCRIPTS ON THE WEBSITE:

Hackley, S. A., Schankin, A., Wohlschlaeger, A., & Wascher, E. (2007). Localization of temporal preparation effects via trisected reaction time. Psychophysiology, 44(2), 334-338.

Luck, S. J., Kappenman, E. S., Fuller, R. L., Robinson, B., Summerfelt, A., & Gold, J. M. (2009). Impaired response selection in schizophrenia: evidence from the P3 wave and the lateralized readiness potential. Psychophysiology, 46(4), 776-786.




	Depends on which manipulations are used
	Depends on which manipualtions are used.  
	Unknown
	Some aspects have been studied in schizophrenia, such as impaired response selection and impaired P3 waves in a response selection task.

Luck et al., 2009()

	Unknown
	There is evidence that this specific task elicits deficits in schizophrenia at the behavioral level.  Unknown at the neural level.

We need to assess psychometric characteristics such as test-retest reliability, practice effects, and ceiling/floor effects for the imaging and behavioral data.

We need to study whether or not performance on this task changes in response to psychological or pharmacological intervention.

	N2pc Modulating task

ERP
	It is not clear that it is possible to directly assess the control of attention independently of the implementation of attention.  Instead, to assess the control of attention, one must either (a) examine how well attention operates (i.e., the combined effects of control and implementation) under conditions designed to challenge control while making implementation trivial, or (b) examine neural markers of the process of updating or maintaining the control signal (which starts to overlap with the executive control construct).    For approach (a), the best ERP marker of attention within the visual system is the N2pc component, which reflects the focusing of attention onto a lateralized target within an array of distractor objects.  For example, each display might contain 20 letters (10 on the left and 10 on the right), including 19 blue distractor letters and 1 red target letter.  The task would be to indicate whether the target letter is an A or a B by making a button-press response.  The location of the target varies from trial to trial.  The N2pc appears as a negative voltage deflection contralateral to the location of the target.  It can easily be isolated from the overall ERP waveform by means of a contralateral-minus-ipsilateral difference wave.  The time at which this difference wave deviates from zero is a well validated measure of the time required to find the target and begin focusing attention on it.  This in turn depends on the ability of top-down control signals to guide attention to the correct item, and the difficulty of this can be manipulated by altering the nature of the target and the distractors (e.g., by making the target less salient and the distractors more salient).

Hopf et al., 2006


( ADDIN EN.CITE ; Hopf et al., 2000)

MANUSCRIPTS ON THE WEBSITE:

Hopf, J. M., Luck, S. J., Boelmans, K., Schoenfeld, M. A., Boehler, C. N., Rieger, J., et al. (2006). The neural site of attention matches the spatial scale of perception. J Neurosci, 26(13), 3532-3540.

Hopf, J. M., Luck, S. J., Girelli, M., Hagner, T., Mangun, G. R., Scheich, H., et al. (2000). Neural sources of focused attention in visual search. Cereb Cortex, 10(12), 1233-1241.


	The difference wave approach used to isolate the N2pc guarantees that the brain must have determined which item matches the top-down target template by the onset time of the N2pc.
	Although the timing of N2pc is dependent on top-down attentional control, the N2pc itself is generated in the process of implementing attention.  Thus, N2pc does not localize the neural systems involved in attentional control, though modulation of this component reflects attention control.
	Unknown
	Unknown
	Unknown
	This specific measure needs to be studied in schizophrenia.

We need to assess psychometric characteristics such as test-retest reliability, practice effects, and ceiling/floor effects for the imaging and behavioral data.

We need to study whether or not performance on this task changes in response to psychological or pharmacological intervention.

	Dual Task Paradigm fMRI
	Dual-task paradigm.  Typically individuals are asked to interleave performance of two different tasks, with many variations possible.  Properly designed dual-task paradigms can be used to examine function/dysfunction in each of these stages.  Moreover, dual-task and response selection stage processing in particular have been investigated extensively with functional imaging Nuechterlein, Pashler, & Subotnik, 2006()
.
	In basic reaction time tasks, there are three stages of processing: stimulus perception/encoding, response selection, and response execution.  Properly designed dual-task paradigms can be used to examine function/dysfunction in each of these stages Dux, Ivanoff, Asplund, & Marois, 2006


( ADDIN EN.CITE )
.
	Moreover, dual-task and response selection stage processing in particular have been investigated extensively with functional imaging.  Such paradigms are known to activate dorsal frontal-parietal attention control systems.
	Neural systems can be changed by practice.    Training improves multitasking performance by increasing the speed of information processing in human prefrontal cortex Dux et al., 2009


( ADDIN EN.CITE )
.
	Dual-task paradigm.  Impaired reaction time is one of the most robust findings in schizophrenia.  In basic reaction time tasks, there are three stages of processing: stimulus perception/encoding, response selection, and response execution.  Properly designed dual-task paradigms can be used to examine function/dysfunction in each of these stages.  Moreover, dual-task and response selection stage processing in particular have been investigated extensively with functional imaging.
	Unknown
	Dual task paradigms have been shown to elicit behavioral deficits in schizophrenia van Raalten, Ramsey, Jansma, Jager, & Kahn, 2008


( ADDIN EN.CITE )
. Unknown at neural level.

We need to assess psychometric characteristics such as test-retest reliability, practice effects, and ceiling/floor effects for the imaging and behavioral data.

We need to study whether or not performance on this task changes in response to psychological or pharmacological intervention.

	Spatial Delayed Response Task

fMRI

PET


	In this task, participants are cued to one or more spatial locations, and after some delay must indicate memory for that spatial location Driesen et al., 2008


( ADDIN EN.CITE ; Srimal & Curtis, 2008)
.

MANUSCRIPTS ON THE WEBSITE:

Driesen, N. R., Leung, H. C., Calhoun, V. D., Constable, R. T., Gueorguieva, R., Hoffman, R., et al. (2008). Impairment of working memory maintenance and response in schizophrenia: functional magnetic resonance imaging evidence. Biol Psychiatry, 64(12), 1026-1034.

Srimal, R., & Curtis, C. E. (2008). Persistent neural activity during the maintenance of spatial position in working memory. Neuroimage, 39(1), 455-468.




	Unclear as a specific measure of attention control.  Good evidence as a measure of maintenance of information in short term memory stores.  Degree to which control of attention is assessed may depend on interference presented during the delay period.
	Numerous studies have shown activation of various frontal and parietal memory related regions in this task Curtis & D'Esposito, 2003


( ADDIN EN.CITE ; Curtis, Rao, & D'Esposito, 2004; Srimal & Curtis, 2008)
.

Ketamine-disruption of spatial working memory combined with PET F18-[FGD]-imaging of hyper-frontality (Castner lab).    This paradigm combines behavior with a PET imaging sessions conducted immediately after. In this design I am highlighting the manual-spatial delayed response task of spatial working memory is employed. Performance is impaired by pre-treatment with  ketamine. Accordingly, In the same subjects ketamine treatment causes a correlative increase in structures Elevations in metabolism were significant in the anterior cingulate cortex and posterior parietal cortex and approached significance in the in caudal dorsolateral prefrontal cortex (dlPFC) and head of caudate nucleus (details of poster follow).     This paradigm can be modified to different acute (amphetamine) and sub-chronic (PCP) approaches as well as paradigm selection (including touch screen tasks) to provide a more solid neurobiological understanding of drug-disruption and reversal of novel anti-psychotic and cognitive normalizing therapies for schizophrenia.    In my company we have had similar success at replicating the imaging end-points but we have yet to combine the behavior and imaging together.     


	Since there is a direct correlation between poor and pharmacological reversed ketamine induce-changes in activation in frontal and fronto-quasi-straial/striatal structure and these are mapped by behavioral performance in task known to be substrates of the preceding behavior we can build a strong hypothesis around the overall paradigm. It could potentially guide dose selection but more importantly identify novel therapeutic approaches. If the approach can be combined with awake PET then the power of the approach will be greater (currently the animals need to be sedated for the imaging portion).
	Behavioral impairments in schizophrenia have been shown in numerous studies Park & Holtzman, 1992()
.  Imaging studies also show evidence of altered activation in dorsal frontal-parietal systems Driesen et al., 2008


( ADDIN EN.CITE )
.

 
	Unknown
	There is evidence that this specific task elicits deficits in schizophrenia at the behavioral and neural level.  

We need to assess psychometric characteristics such as test-retest reliability, practice effects, and ceiling/floor effects for the imaging and behavioral data.

We need to study whether or not performance on this task changes in response to psychological or pharmacological intervention.
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