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Introduction
1. Each cognitive task in a given sequence requires a certain configuration of mental resources or task set. 

a. Task performed is a combination of external triggers and executive control (select and implement task set).   
2. Multiple levels of abstraction to describe tasks and goals
a. Introspection

b. Memory – the more we practice, the easier it is to perform the task set. Ca also trigger task sets automatic regardless of intention. 
3. Interplay of intention and influence

a. Endogenous control: intentions, goal-driven action plans.  
b. Exogenous control: availability, frequency, recency of tasks suggested/afforded by stimulus and context.  
4. Careful balance of both endogenous and exogenous control is required 
a. Avoid environmental interference 
b. Avoid obliviousness to events in environment that require immediate response.
5.  Empirical studies use task-switching to examine behavioral and neural correlates of task sets. 
6.  Study of behavioral effects can include factors like local brain damage, TMS (transcranial [or transient] magnetic stimulation), pharmacological interventions, etc.  
Basic phenomena of task-switching paradigms  
1. Pre-training on two or more simple tasks.

2. Each task requires classification of a stimulus, calculation or retrieval of some properties.

3. Cue is presented telling subject which task to perform. Task sometimes changes between trials. 
4.  Experimenter examines switch vs. repeat sequences “for evidence of extra processing 
demands” due to task-set reconfiguration.  
5. Switch cost vs. non-switch or task-repetition: substantially longer RT, lower accuracy  
6.  Preparation effect: reduced by cue/probe asynchrony  
7.  Residual cost: preparation does not eliminate switch cost, even with preparation time up to 5 s. 
8.  Mixing cost: long-term cost of switching despite rapid recovery after switch. 
Performance is slower than when only one task is performed in a block. 
Task switching paradigms
1.  Jersild’s method: subject performs switch and single-task blocks, performing as quickly as  possible in both cases. In switch blocks, the task alternates regularly. Measurements can include whole-block duration or trial-by-trial RTs. However, Jersild’s method confounds switch and mixing costs, and the switching blocks feature a greater WM load than the single-task blocks.  
 2.  Alternating-runs paradigm: 


a. Task alternates every n trials, where n is constant and known to the subject. 


b. The experimenter compares switch and repetition trials. 
 3.  Prespecified task-sequence paradigm


a. Cue telling subjects which task to perform in the coming trial.   


b. Can manipulate available preparation time by varying stimulus-response interval. 
 4.  Task-cueing paradigm


a. cue appears either before or with the stimulus. 


b. unpredictable task switches 


c. . The cue-stimulus interval can be manipulated independently of the response –cue interval (allowing active preparation and passive dissipation respectively). 
5.  Intermittent-instruction paradigm

 
a. series of trials is interrupted by a task cue, sometimes indicating a switch and sometimes continuation of the current task. 


b. “Restart” costs are larger after switch cues than continue cues.  
Sources of switch cost
1. Task-set reconfiguration (TSR): endogenous control to allow performance in new task.  
 
a.  TSR includes shifting attention between attributes of stimuli, between conceptual response criteria, fetching goals and response conditions into WM or removing them from it, changing the response set, and adjusting criteria for response.  
 
b.  Switch cost reflects time taken by TSR.  
 
c.  Endogenous control can at least partially accomplish TSR.  
 
d.  Residual cost may indicate a component of TSR requiring exogenous trigger by stimulus attributes. (Rogers & Monsell, 1995).  
 
e.  Rubinstein et al. - residual cost is loading of stimulus-response rules into WM.  
 
f.  De Jong – no distinction between endogenous and exogenously triggered TSR. If endogenous reconfiguration does not finish before the stimulus, it must be performed after initial stimulus processing.  All-or-none character of de Jong’s theory supported by data-fitting. Recollection is likewise all-or-none, and TSR may include loading goals/task rules by retrieving them from memory.  
2. Transient task-set inertia: interference from previous task.  

a. Asymmetry in interference due to different task-set strengths.  

b. Switch to stronger task produces greater cost.  
 
c. Bilingual finding: on non-switch trials, slower to name digits in 2nd language; on 
             switch trials, slower naming in 1st language.  

d. Allport et al. propose that for a weak trial, strong task set had to be inhibited 

             and this carries over from previous strong-to-weak switch,  impairing 
             performance on the next strong-task trial.  
e. This account challenged - manipulations can produce small reductions in asymmetry of Stroop-like interference between tasks and reverse asymmetry of switch costs.  

f.  Possible that executive processes apply the minimum endogenous-control input enabling the task, given the interference anticipated. 


g. Cross-task interference increases endogenous control input-leading to greater TSI on switch trial.  

h.  A longer delay since performance of task A (controlling preparation time) 
              results in better performance on switch trial to task B than with shorter delay.  

i.  Sohn & Anderson model such effects with exponential decay of previous task-set 
              activation and increasing probability of success for endogenous preparation 
              process occurring during interval.  

j.  Just prior to a switch, the A task set may be inhibited to facilitate switching to B.  

k.  Particularly likely to explain residual switch cost.  

l.  Task-set inertia may produce a cost both by slowing response selection and by 
              triggering extra control processes—probably by a combination.  
3. Associative retrieval: switch costs may be due to a recent, specific memory of processing a stimulus with another task set.  

a.  Subjects respond more slowly, even in a single-task paradigm, if they have performed a different task with the same stimuli within the past several minutes.  

b. Priming effects magnified on switch trials or when re-starting experiment after a brief pause (Allport et al).  ( suggesting that associative interference may contribute to switch costs. 

c.  Priming can be highly stimulus-specific.  

d.  The contribution of associative interference is unclear when all stimuli have been experienced in both tasks, or when stimuli associated only with one task nevertheless produce a switch cost.  
4.  Switch costs are probably due to a combination of the above three factors.  
Issues for further research  
1.  Limitations


a. Preparation for a task with either full or partial knowledge of the upcoming task does not reduce switch cost. 


b. To know when TSR is necessary ( subject must discriminate and interpret external cue and/or retrieve identity of next task from memory ( these processes in relation to switch costs has not been studied. 

c.  Processing of unpredictable task cue: Logan & Bundesen find that switching cue while repeating task produces a nearly equivalent cost to a cue-and-task switch.  

d.  Retrieval of upcoming task information when switching is predictable: Koch reports that preparation interval only reduces cost if an external switch cue is also given.


e. Processes that interpret the cue and determine TSR may contribute to preparation effect.


f. Processes can be so demanding that they constitute a separate task, further discriminating between switch and non-swtich trials.  
2. Role of language

a.  Saying an irrelevant word during preparation period impairs performance more than naming the upcoming task or saying nothing (Goschke).  ( self instruction using language important to self regulation.

b.  Irrelevant concurrent articulation during a task-alternation paradigm ( interferes with phonological WM ( impairs performance more than in a single-task block.  

c. Left PFC damage may not induce a general control deficit, but specifically impairs linguistic mediation of performance.  


d. A task-set can be represented initially via self-instruction but after practice ( shifts from declarative to procedural representation. 
3.  Why are switch costs larger when one makes the same response as on the previous trial?  
4.  What do switch costs say about the effects of ageing on cognition?  
5.  How are switch costs related to individual differences and other behavioral measures of cognitive control?  
Brain correlates of task switching  
1. Common regions associated with task-switching  (more active on switch trials compared to non-switch trials)

a. Medial and lateral PFC  

b. Parietal lobes  

c. Cerebellum  
2. Subtraction methods can be problematic in neuroimaging of task-switching.  

a.  Switch and repeat trials differ not only in the occurrence of reconfiguration, but also with task-set and stimulus-response mapping.  

b.  Switch trials probably induce greater arousal.  

c.  Causative activity in controlling regions can’t be distinguished from resultant activity in controlled regions, though Rushworth et al. (2002) used TMS to indicate the necessity of the pre-SMA in response-rule switches.  
3.  Lengthening, eliminating, or delaying trial phases can allow some temporal isolation of different processes.  

a.  When preparatory period is lengthened, some reports of dissociation of preparatory regions from those responding phasically to a switch-trial stimulus (Sohn et al., 2000; Hopfinger et al., 2000).  

b.  Brass & von Cramon (2002) found pre-SMA and left inferior frontal junction 
responses to task cues with a catch-trial paradigm.  
