Executive Control – Dynamic Adjustments in Control

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

	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.

	Stop Signal Task
	In the stop-signal task, subjects perform a primary task (e.g., decide whether the stimulus is an X or O). On a proportion of trials (e.g., 25%), a secondary stimulus signals the subject to withhold their response.  An adaptive procedure is used to adjust the delay of this stop signal to ensure 50% successful inhibition of responses.

G. D. Logan, Cowan, & Davis, 1984()

G. D. Logan & Cowan, 1984()

Kenner et al., 2010


( ADDIN EN.CITE ; G. Logan, 1984)

MANUSCRIPTS ON THE WEBSITE:

Huddy, V. C., Aron, A. R., Harrison, M., Barnes, T. R., Robbins, T. W., & Joyce, E. M. (2009). Impaired conscious and preserved unconscious inhibitory processing in recent onset schizophrenia. Psychol Med, 39(6), 907-916.

Kenner, N. M., Mumford, J. A., Hommer, R. E., Skup, M., Leibenluft, E., & Poldrack, R. A. (2010). Inhibitory motor control in response stopping and response switching. J Neurosci, 30(25), 8512-8518.



	Correlated with measures of impulsivity  Impaired in ADHD  Impaired in stimulant abuse
	Activation in prefrontal cortex and STN for inhibition  TMS affects stopping ability  Stimulants increase stopping ability.

G. D. Logan, Schachar, & Tannock, 1997()

Aron & Poldrack, 2006()

Aron, Robbins, & Poldrack, 2004()

Chambers et al., 2006()

“Both stopping trials and switching trials showed common recruitment of the right inferior frontal gyrus, presupplementary motor area, and midbrain. Contrasting switching trials with stopping trials showed activation similar to that observed on response trials (where the initial response remains appropriate and no control is invoked), whereas there were no regions that showed significantly greater activity for stopping trials compared with switching trials. These results show that response switching can be supported by the same neural systems as response inhibition, and suggest that the same mechanism of rapid, nonselective response inhibition that is thought to support speeded response stopping can also support speeded response switching when paired with execution of the new, appropriate, response.”  From Kenner et al., 2010


( ADDIN EN.CITE )


	 Yes, for rodents

Eagle & Robbins, 2003()

Methylphenidate can improve stop signal reaction times in ADHD individuals with slow SSRTs Boonstra, Kooij, Oosterlaan, Sergeant, & Buitelaar, 2005


( ADDIN EN.CITE )
.

Topiramate can improve SST performance in alcoholics Rubio, Martinez-Gras, & Manzanares, 2009()
.


	Individuals with schizophrenia show slow SSRTs Bellgrove et al., 2006


( ADDIN EN.CITE ; Huddy et al., 2009)
.
	Effects of different methods on reliability of SSRT computation.

Band, van der Molen, & Logan, 2003()

Indicates the number of trials necessary to achieve small confidence intervals.
Explicitly avoids floor/ceiling effect by using adaptive method. Unpublished data from our lab shows no reliable evidence of practice effects


	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, such as test-retest reliability, practice effects, ceiling/floor effects.

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

	The Ignore-Suppress Task

fMRI
	The Ignore-Suppress task has recently been developed by Nee and Jonides (2008).In both the Ignore and Suppress tasks, on each trial of a working memory paradigm subjects are presented a small set of words, half being in one color, half being in another. At some point in the trial subjects are cued to remember only those words in a particular color, and at the end of the trial to decide whether each of a series of test probes is in the to-be-remembered subset or not. The critical variation is when the cue occurs: either before the words are presented (Ignore task), or after the words are presented (Suppress task).The Ignore task taps inhibition at the level of perception, which is measured by the difference in reaction time (RT) to correctly reject a probe that was in the ignored subset versus a probe that did not occur on that trial. The Suppress task reflects inhibition in working memory, which is measured by the difference in RTs to correctly reject a probe that was in the suppressed subset versus a probe that did not occur on that trial. The two kinds of inhibition can be dissociated at both the behavioral and neural levels.

Nee & Jonides, 2008()

MANUSCRIPTS ON THE WEBSITE:

Nee, D. E., Jonides, J., & Berman, M. G. (2007). Neural mechanisms of proactive interference-resolution. Neuroimage, 38(4), 740-751.

Nee, D. E., & Jonides, J. (2008). Dissociable interference-control processes in perception and memory. Psychol Sci, 19(5), 490-500.


	Different behavioral variations differentially affect performance in the Ignore and Suppress tasks.

See a paper by Nee, Jonides, and Berman that shows the relationship of this task and interference in the Recent-probes task Nee, Jonides, & Berman, 2007()
, both behaviorally and for neural mechanisms.

Nee et al., 2007()


	Responses to the two kinds of negative probes lead to different activations in an fMRI study.

Jonides & Nee, 2006()

See a paper by Nee, Jonides, and Berman that shows the relationship of this task and interference in the Recent-probes task Nee et al., 2007()
, both behaviorally and for neural mechanisms.

Nee et al., 2007()

Mechanisms

There is also an ERP version


	Unknown
	Unpublished data has shown that  while behavioral performance on the Suppress task is impaired in schizophrenia with any kind of materials, it is impaired in MDD only if the materials are negatively valenced.
	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.

	Stroop Task

fMRI or ERP
	Subjects respond verbally or by button press to the color of a word which is itself the name of a color.  Stimuli may be congruent (word and color are the same), or incongruent (word and color differ).  Subjects are slower and lees accurate when the word and color conflict on incongruent trials (the Stroop effect).  Conflict adaptation is computed by comparing performance on incongruent trials following another incongruent trial (II faster and more accurate) vs. that of incongruent trials following a congruent trial (CI, slower and less accurate) as well as IC trials (slower, less accurate) compared to CC (faster, more accurate) trials.  Post error adjustments also measured using this paradigm.

MANUSCRIPTS ON THE WEBSITE:

Alain, C., McNeely, H. E., He, Y., Christensen, B. K., & West, R. (2002). Neurophysiological evidence of error-monitoring deficits in patients with schizophrenia. Cereb Cortex, 12(8), 840-846.

Egner, T., Delano, M., & Hirsch, J. (2007). Separate conflict-specific cognitive control mechanisms in the human brain. Neuroimage, 35(2), 940-948.

West, R., & Travers, S. (2008). Tracking the temporal dynamics of updating cognitive control: an examination of error processing. Cereb Cortex, 18(5), 1112-1124.


	Task widely used as measure of goal maintenance and response inhibition, more recently used to measure conflict adaptation.  Strong links to neural systems, ACC activity greatest during CI trials and errors, predicts subsequent performance adjustments, DLPFC greatest on trials with large adjustments, predicted by previous trial ACC activity Egner, Delano, & Hirsch, 2007


( ADDIN EN.CITE ; Egner & Hirsch, 2005; Kerns, Cohen, Stenger, & Carter, 2004)
.

By varying the nature of the cues that are presented and the demands to perform a single task over time or to switch between trials one can isolate neural activity related to a number of different constructs. For instance:  1) Using multiple cues mapped to each task in pure and mixed blocks one could distinguish between activity related to encoding the cue, retrieving the task rule from memory, and configuring the task set (West & Travers, 2008()
.  2) Comparing task cues (cue that indicate the task to perform) and transition cues (cues that indicate that a switch is required but do not indicate which task is required) one can distinguish activity related to "task switching" (alternations differ from repetitions and effects are similar for different types of cues) from activity related to "retrieving from the focus of attention" that is likely required with transition cues but not task cues (West et al., in press).

	Has been used in schizophrenia to measure changes in conflict adaptation and neural correlates in schizophrenia as well as error related adjustments and neural correlates (fMRI and ERP’s)Alain, McNeely, He, Christensen, & West, 2002


( ADDIN EN.CITE ; Becker, Kerns, Macdonald, & Carter, 2008; Kerns et al., 2005; McNeely, West, Christensen, & Alain, 2003; Nordahl et al., 2001)
.


	
	Individuals with schizophrenia showed impaired behavioral performance on a switching version of the the Stroop task.  Also show impairments on both ERP and fMRI measures of brain systems associated with dynamic adjustments of control (fMRI and ERP’s)Alain et al., 2002


( ADDIN EN.CITE ; Becker et al., 2008; Kerns et al., 2005; McNeely et al., 2003; Nordahl et al., 2001)
.


	Little to nothing known about psychometric properties of conflict adaptation and post error adjustment measures using this task.

The Stroop effect is clearly sensitive to practice effects with the magnitude of the interference effect and number of errors decreasing over time. The primary behavioral dependent measure for the task switching version of the task has typically been response time so floor and ceiling effects are not as great of an issue. In some cases we have observed floor effects in older adults in terms of accuracy for switch incongruent trials and this could extend to patients.     An additional issue that becomes relevant when using ERPs is that using a longer cue-to-stimulus interval to get good ERP data can sometime results in weaker behavioral effects than might be expected. This may be less of a concern if neural measures are of primary concern, however, it is a limitation of the task that we have encountered. 


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

We need to assess psychometric characteristics such as test-retest reliability, practice effects, and ceiling/floor effects for this task.

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



	Probabilistic Reversal Learning

fMRI


	Subjects select one stimulus from an array of concurrently presented stimuli (preferably 3); typically, more than one set of discriminanda are presented, in a randomized order across trials. Each choice is followed by positive or negative feedback (correct choice or incorrect choice). The relationship between the stimulus presented and the feedback given can be deterministic or probabilistic.    Subjects must, based upon feedback alone, learn which cue in each discriminanda set are associated with positive feedback and then maintain optimized performance of the rule (rule maintenance).    Once the subject meets pre-set performance criteria, feedback is adjusted without warning. In other words, the rules are "reversed" in one or more of the discriminanda sets.    Subjects must update their behavior based upon the change in rules. Optimal reversal performance is often considered to involve cognitive control over pre-potent responding.

Waltz & Gold, 2007()

Lee, Groman, London, & Jentsch, 2007


( ADDIN EN.CITE )
 

Frank & Claus, 2006()
 Cools et al., 2009


( ADDIN EN.CITE ; Robinson, Frank, Sahakian, & Cools, 2010)

MANUSCRIPTS ON THE WEBSITE:

Cools, R., Frank, M. J., Gibbs, S. E., Miyakawa, A., Jagust, W., & D'Esposito, M. (2009). Striatal dopamine predicts outcome-specific reversal learning and its sensitivity to dopaminergic drug administration. J Neurosci, 29(5), 1538-1543.

Robinson, O. J., Frank, M. J., Sahakian, B. J., & Cools, R. (2010). Dissociable responses to punishment in distinct striatal regions during reversal learning. Neuroimage, 51(4), 1459-1467.


	Acquisition of a multiple choice visual discrimination is believed to reflect implicit learning processes.    Optimal performance of a visual discrimination is thought to reflect rule maintenance.    Reversal of a learned visual discrimination is thought to measure cognitive control over pre-potent responding (response inhibition).
	Interactions between declarative systems (hippocampal and prefrontal) and implicit systems (striatum) are predicted across initial learning of a discrimination, such that increasing activation in the striatum, as a function of trials performed, occurs along with learning.    The ventrolateral and ventromedial frontal cortex are particularly involved in the effective inhibition of responses at reversal.

In humans, striatal dopmamine predicts outcome specific reversal learning Cools et al., 2009


( ADDIN EN.CITE )
.

Dias, Robbins, & Roberts, 1996(, 1997)

Fellows & Farah, 2005()

Fellows & Farah, 2003()

	Evidence in both animals and humans for change in response to pharmacological manipulations Cools, Altamirano, & D'Esposito, 2006


( ADDIN EN.CITE " ; Cools, Lewis, Clark, Barker, & Robbins, 2007)
.
	Individuals with schizophrenia show impairments in reversal learning Waltz & Gold, 2007()

.
	Practice effects are unknown, but are the subject of active investigation.    Depending upon how the test is conducted, there can be ceiling effects for discrimination learning. The use of multiple discriminada sets, at least 3 stimuli in each set and probabilistic feedback can avoid this.
	There is evidence that this specific task elicits deficits in schizophrenia at the behavioral level.  Unkonwn at the neural level.

We need to assess psychometric characteristics such as test-retest reliability, practice effects, and ceiling/floor effects for this task.

There is some evidence that performance on this task changes in response to psychological or pharmacological intervention

Cools et al., 2006


( ADDIN EN.CITE ; Cools et al., 2007)


	AX CPT

(letter and dot versions)
fMRI
	The letter and dot versions of this task are  adaptations of the expectancy AX task created by Cohen and colleagues (Servan-Schreiber et al., 1996), which is in turn a variant of the traditional AX-CPT A. W. MacDonald, 3rd et al., 2005


( ADDIN EN.CITE )
. The DPX uses pairs of simple dot patterns rather than letter pairs as stimuli. The basic structure of both tasks are that there are four types of trials:  AX, AY, BX and BY.  AX trials are ”target trials”; in these types of trials a valid cue is followed by a valid probe.  The 3 other trial types are “Non-target trials”  in which either a valid cue is followed by an invalid probe (“AY” type trials) or an invalid cue is followed by either a valid or invalid probe (“BX” or “BY” probes, respectively).  Participants are required to make one response for target trials, and another response for non-target trials. 

MANUSCRIPTS ON THE WEBSITE:
Edwards, B. G., Barch, D. M., & Braver, T. S. (2010). Improving prefrontal cortex function in schizophrenia through focused training of cognitive control. Front Hum Neurosci, 4, 32.

MacDonald, A. W., 3rd, Goghari, V. M., Hicks, B. M., Flory, J. D., Carter, C. S., & Manuck, S. B. (2005). A convergent-divergent approach to context processing, general intellectual functioning, and the genetic liability to schizophrenia. Neuropsychology, 19(6), 814-821.


	The nature of the cue (valid or invalid) provides the “context” for responding on a a given trial.  The majority of trials are “target trials” (AX trials).  This feature is intended to encourage participants to “expect” a valid probe to follow a valid cue.   A consequence of this manipulation is that participants develop a prepotency to respond with “target” responses on trials for which valid cues are presented, regardless of whether the trials were of the target (AX) or non-target (AY) type.  Non-target cues provide the context that a non-target response will be required, regardless of the nature of the probe (valid or invalid).    A consequence of the expectancy manipulation is that AY error rates will be higher.   On BX trials participants with normal context processing must maintain the cue in order to inhibit the prepotency to respond to valid probes with a target response.   Compared with controls, persons with impaired context processing would be expected to make fewer AY errors but more BX errors.         One advantage of the DPX over the AX is that dot patterns used are more amenable to parametrical manipulations than are letters. By manipulating the similarity between valid probes (Xs) and invalid ones (Ys),  the proportion of errors in the AY difficulty control condition can be manipulated. This, in turn, increased the likelihood of an interpretable BX versus AY interaction.

Original model demonstrating framework for context processing: Cohen & Servan-Schreiber, 1992()

Formal model of AX task linking performance to DA gating: Braver, Barch, & Cohen, 1999()

Demonstration of convergence of context processing performance, and deficits in patients, across three tasks: J. D. Cohen, D. M. Barch, C. Carter, & D. Servan-Schreiber, 1999()


	Greater B-related activity following the cue in dorsolateral prefrontal cortex and other components of the executive control network, including frontopolar cortex and inferior parietal cortex Braver, Paxton, Locke, & Barch, 2009


( ADDIN EN.CITE ; A. W. MacDonald, 3rd, Becker, & Carter, 2006; A. W. MacDonald, 3rd & Carter, 2003)
.
	Performance and brain activity on the AX version improves in individuals with schizophrenia reponse to cognitive training Edwards, Barch, & Braver, 2010()
.

Performance on the AX-CPT improves in response to amphetamine administration in both individuals with schizophrenia Barch & Carter, 2005


( ADDIN EN.CITE )
 and healthy controls Barch & Braver, 2007()
.

Some evidence of improvement in response to gabergic modulation Lewis et al., 2008()
.
	Evidence of trait-like impairment in schizophrenia patients: A. W. MacDonald, 3rd et al., 2005


( ADDIN EN.CITE )

Evidence of specificity of impairment and relation to PFC dysfunction: Barch, Sheline, Csernansky, & Snyder, 2003()

Link to PFC impairment in unmedicated patients, specificity of impairments to schizophrenia, and further demonstrating link to disorganization symptoms of schizophrenia:  A. MacDonald et al., 2005()

Cohen & Servan-Schreiber, 1992()

Braver et al., 1999()

J. D. Cohen et al., 1999()

A. W. MacDonald, 3rd et al., 2005


( ADDIN EN.CITE )

Barch, Carter, & Cohen, 2003()

Barch, Sheline, et al., 2003()

A. MacDonald et al., 2005()

A. W. MacDonald, Pogue-Geile, Johnson, & Carter, 2003()


	BX errors had an alpha of .88 J. D. Cohen, D. M. Barch, C. S. Carter, & D. Servan-Schreiber, 1999()
.

Currently under investigatoion for both behavioral and imaging versions.
	There is evidence that this specific task elicits deficits in schizophrenia at the both the behioral and neural level. 

We need to further assess psychometric characteristics such as test-retest reliability, practice effects, and ceiling/floor effects for this task.

There is evidence that performance on this task changes in response to psychological or pharmacological intervention.

	Lateralized Readiness Potential

ERP
	This paradigm is used to measure the lateralized readiness potential (LRP_, an ERP response that reflects response preparation in motor cortex.  The LRP can be used to assess executive control, including both rule generation/selection and dynamic adjustments in control.  It can also be used to assess top-down influences on attention.    In the basic LRP paradigm, subjects see a sequence of stimuli (e.g., As and Bs) and make a 2-alternative forced choice response for each stimulus (e.g., left hand for A and right hand for B).  The two alternatives are usually equiprobable.  The LRP is isolated by a difference wave that subtracts activity over the hemisphere ipsilateral to the response from activity over the hemisphere contralateral to the response.  This effectively subtracts away all other ERP components, which are not lateralized with respect to the response hand.    LRP amplitude is reduced by approximately 50% in patients with schizophrenia, which is larger than the typical P300 reduction.  In addition, the LRP amplitude reduction is correlated with reaction times, providing a link to one of the most robust findings in the schizophrenia literature (slowed manual response times).

MANUSCRIPTS ON THE WEBSITE:
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.

Rammsayer, T., & Stahl, J. (2006). Sensorimotor effects of pergolide, a dopamine agonist, in healthy subjects: a lateralized readiness potential study. Psychopharmacology (Berl), 187(1), 36-46.


	Has been studied in relationship to various aspects of conflict detection Gratton, Coles, Sirevaag, Eriksen, & Donchin, 1988()
.  
	This paradigm isolates activity generated in primary motor cortex by means of the contralateral-minus-ipsilateral subtraction Gratton et al., 1988


( ADDIN EN.CITE ; Leuthold & Jentzsch, 2002)
.
	Several studies have shown that LRP is sensitive to pharmacological manipulations of the dopamine system (and to neurological disorders such as Parkinson's Disease that influence dopamine) Rammsayer & Stahl, 2006()
.
	Several studies have shown substantial reductions in LRP amplitude in schizophrenia patients.  Has been specifically used tom measure response monitoring in schizophrenia Luck et al., 2009


( ADDIN EN.CITE ; Mathalon et al., 2002)
.
	Not Known
	There is evidence that this specific task elicits deficits in schizophrenia at the in terms of  LRP and response monitoring.

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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