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ABSTRACT

Th is chapter reviews the historical and current literature on task switching, focusing primarily on 

cognitive-behavioral studies on healthy human subjects. It outlines what I see to be widely accepted 

conclusions. Th ese include the notion that tasks have mental representations (“task sets”) and that 

a change in this representation results in slowing (although the exact reasons for the slowing are 

debated). Following Ach (2006/1910), the chapter divides the processes that are currently mentioned 

in the literature into those making an inner obstacle against a task switch (thus causing rigidity) and 

those that enable a task switch (thus supporting fl exibility). It also discusses some major controver-

sies in the fi eld and suggest that many of these controversies are more apparent than real by pointing 

out the many issues where a broad consensus exists.

Keywords: Task switching, fl exibility, literature review

CHAPTER 11

Task Switching: Mechanisms Underlying Rigid vs. 
Flexible Self-control

Nachshon Meiran

Typical examples of situations involving self-

control are characterized by their “don’t” fea-

ture, such as being off ered a bowl of delicious 

ice cream although you are on a diet (e.g., Vohs 

& Heatherton, 2000). Nonetheless, “do” situa-

tions also involve self-control. An example is 

your boss entering your offi  ce asking you to do 

something although you are deeply immersed 

in working on your favorite project. Here, self-

control is needed both to interrupt the ongoing 

activity and to initiate the alternative activity. 

Research shows that complying with “do” com-

mands is more diffi  cult (Logan & Burkel, 1986) 

and is developmentally delayed (Kochanska et 

al., 2001) as compared with “don’t” commands. 

One reason for this may be that self-control 

(also termed “cognitive control” and “executive 

functioning,” see Miller & Cohen, 2001; Wood 

& Grafman, 2003) comprises several abilities. 

Th is is evident in low interindividual correla-

tions between various control functions (e.g., 

Miyake et al., 2000) and somewhat diff erential 

functional anatomy (e.g., Bunge, 2004; Collette 

& Van der Linden, 2002).

At least fi ve relatively independent domains 

of executive functioning have been identifi ed, 

including working memory (WM) updating (e.g., 

Kessler & Meiran, 2006; Morris & Jones, 1990), 

behavioral inhibition (Logan, 1994; Friedman & 

Miyake, 2004), online performance monitoring 

(e.g., Botvinick et al., 2001), multitask coordina-

tion (e.g., Logan & Gordon, 2001; Meyer & Kieras, 

1997a, 1997b; Pashler, 1994), and mental set shift -

ing. Emotion regulation (Ochsner & Gross, 2005) 
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long-term tasks are carried out in parallel, such 

as parenting, earning an income, and work-

ing toward an academic degree. Th ese ongo-

ing tasks are broken down into manageable 

subtasks and these subtasks become constantly 

intertwined. As a result, everyday life is oft en 

characterized by frequent switches between the 

subtasks, such as switching between answering 

a phone call from your child to continuing work 

on your Ph.D. dissertation. Finally, collabora-

tive interaction oft en involves emotion regula-

tion to maintain the socially appropriate stance. 

Furthermore, some emotion regulation strate-

gies, such as reappraising a situation, involve a 

shift  in mental perspective, and as such are func-

tionally analogous to task switching (Shepps & 

Meiran, 2007). It should be noted that gener-

ating collaboration oft en involves reappraising 

the situation and accepting the collaborator’s 

perspective.

THE TASK SWITCHING PARADIGM

Most of the current chapter is devoted to a 

review of the cognitive literature on task switch-

ing. Th is research has focused almost exclusively 

on the physical domain. It has helped to reveal 

the cognitive and neural mechanisms support-

ing rigidity and fl exibility. I hope that the pre-

sent review will promote the much needed work 

of understanding the role of human cognitive 

rigidity and fl exibility in the social domain.

HISTORIC FOUNDATIONS

Th is section mentions only four papers, which 

I view as cornerstones in this literature. Ach 

(2006/1910) noted that the will’s duty is to 

overcome inner obstacles that prevent it from 

achieving its goals. According to him, these 

inner obstacles are mostly habits. He used a 

paradigm that is surprisingly similar to mod-

ern task-switching paradigms. His paradigm 

consisted of two phases. In Phase 1, subjects 

learned to perform a given task on a set of stim-

uli. In Phase 2, subjects were required to per-

form another task on the same stimuli, and 

reaction time (RT) was measured to the nearest 

millisecond (!). Ach showed that the task switch 

may represent a sixth dimension in this taxon-

omy. Th e present chapter addresses the most 

widely used approach to the study of mental set 

shift ing (or cognitive fl exibility), which is the task 

switching paradigm (Logan 2003; Monsell, 2003, 

for recent reviews). Given the recent explosion 

of knowledge on this topic, the present review 

is inherently limited and it focuses on cognitive 

behavioral studies performed on healthy young 

human adults.

It is now widely claimed that self-control 

has developed in the Homo Sapiens to match 

the cognitive challenges of the complex social 

interactions that characterize our species (e.g., 

Adolphs, 2003; Barkley, 2001; Baumeister, 

2005). Although the role of inhibition in social 

interaction has been widely acknowledged (e.g., 

Barkley, 2001), the role of cognitive fl exibility 

in the social domain has been less explored. 

Nonetheless, theoretical analysis suggests that 

cognitive fl exibility features a key role in social 

interactions. First, Baumeister noted that a 

crucial feature of Homo Sapiens is collabora-

tive interaction involving division of labor and 

collaborative problem solving. To negotiate the 

division of labor while working on the solution, 

individuals must understand the intentions 

of their collaborators as well as the collabora-

tor’s potential contribution to the solution. In 

addition, there is a need for fl exible shift s of 

attention between perspectives (one’s own per-

spective and the collaborator’s perspective), 

between focusing on the problem and focusing 

on understanding the collaborator’s approach, 

and so forth. Supporting evidence comes from 

a study by Bonino and Cattelino (1990). Th ey 

showed that children who were characterized 

as fl exible according to their performance on 

the Wisconsin Card Sorting Test (arguably, the 

predecessor of the modern task-switching para-

digm) were better able to negotiate collaborative 

problem solving than their less fl exible counter-

parts. Second, the complex division of labor that 

characterizes modern social structures further 

demands individuals to constantly change their 

perspective as they change their social roles and 

their relative position in the social hierarchy. 

Th ird, this complex structure of labor division 

puts individuals in a position in which multiple 
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determined by task-goal (un)certainty. All these 

eff ects were replicated in later studies.

Biederman (1972) provided crucial evi-

dence that subjects can (at least partially) ignore 

information that was deemed irrelevant by 

the current task instructions. For example, if 

instructions indicate that color is relevant and 

size is irrelevant, subjects can partly ignore the 

size information. Shaff er (1965) developed the 

task cuing paradigm in which the tasks change 

randomly and each trial begins with a task cue 

telling which task to execute. Shaff er was also 

the fi rst researcher who compared three con-

ditions in the same experiment. Th ese include 

a condition with a single task, and two condi-

tions from the blocks that involved task switch-

ing: task-switch trials, in which the task has just 

switched, and task-repetition trials, in which 

the current task was the same as the previously 

executed task. Th is design allows one to sepa-

rate two costs associated with switching tasks, 

later discussed by Braver et al. (2003); Fagot 

(1994), Kray and Lindenberger (2000), Koch 

et al. (2005), Los (1996), Meiran et al. (2000) 

and Rubin and Meiran (2005), among others. 

Th e fi rst is “switch cost” and it refers to the dif-

ference between task-switch and task-repetition 

trials. Th e second is “mixing cost” and it refers 

to the cost associated with being in a situation 

involving potential switching. Mixing cost is 

defi ned as the performance diff erence between 

task-repetition trials (taken from blocks in 

which the tasks switch) and single-task blocks.

TASK SWITCHING PARADIGMS

Although researchers oft en refer to the task 

switching paradigm, there are, in fact, many 

diff erent paradigms, and it still remains to be 

shown whether these paradigms tap the exact 

same abilities. Th is issue is particularly impor-

tant for researchers who wish to incorporate 

task-switching into their studies as measures of 

cognitive fl exibility. Based on the following sec-

tions, my advice is to use, if possible, more than 

one task-switching paradigm to ensure that one 

measures fl exibility as opposed to task-specifi c 

processes. Th e currently used task-switching 

paradigms diff er from one another in at least 

resulted in considerable slowing in Phase 2 reac-

tions, a phenomenon that today we call “switch 

cost.” He interpreted the switch cost as refl ect-

ing the eff ort of the will in overcoming the habit 

formed during Phase 1. Ach also measured the 

number of Phase 1 practice repetitions required 

to form a habit that was suffi  ciently strong to 

overcome the will during Phase 2. Overcoming 

the will was refl ected in the erroneous execu-

tion of the task practiced in Phase 1 during 

Phase 2. Th is measure was taken as an index of 

what he called the “associative equivalent of the 

will,” which is an indirect index of will power. 

Note that many current works view switch cost 

as an index for lack of control. In contrast, Ach’s 

view of switch cost is of a measure of will eff ort, 

not of will power. Peculiarly, his measure of will 

power has not to my knowledge been applied in 

later studies.

Jersild (1927) is oft en cited as the inventor of 

the modern task-switching paradigm (although 

what is the fi rst study to my knowledge was con-

ducted by Jones, 1915, cited by Bernstein, 1924). 

He asked his subjects to alternate between two 

familiar tasks that were performed on the same 

set of stimuli, such as adding a digit and sub-

tracting another digit. (e.g., switching between 

a “+3” operation and a “–1” operation.). Note 

that Ach’s (2006/1910) and Jersid’s paradigms 

have in common the feature that the execution 

of one task creates a tendency (or habit) to per-

form Task A that forms the “inner obstacle” 

while performing Task B. Jersild’s experiments 

resulted in three important fi ndings. First, 

switch costs were robust when the stimuli were 

bivalent (aff ording two tasks, e.g., a digit when 

the tasks are “+1” and “–1”). Second, there were 

no switch costs when the stimuli were univalent 

(uniquely aff ording one task, e.g., words requir-

ing an “opposite” task, e.g., white → black, and 

digits requiring a numerical task such as “+3”). 

Th e fi rst two fi ndings show that the habit to per-

form a given task tends to bind with the stim-

uli (Waszak et al., 2003). Finally, the costs were 

markedly reduced when there was an external 

reminder regarding which task was required 

(the stimuli for one task were on the right and 

those for the other task were on the left ). Th e 

last eff ect shows that switch costs are partly 
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Single Step vs. Multistep Tasks

Although nearly all the studies studied single-

step tasks, in which each task constitutes a 

single stimulus and a single response and S-R 

sequence, some studies focused on multistep 

tasks. Luria et al., (2006), Luria and Meiran 

(2003, 2006) and Schneider and Logan (2006) 

studied the eff ects of changing the order of 

tasks when the tasks themselves remain the 

same. Hayes et al. (1998) studied the infl uence 

of changing response sequence. Both of these 

changes incurred switch cost in spite of the fact 

that the subtasks were kept constant across the 

order switch. Namely, every trial required both 

color classifi cation and letter classifi cation, only 

in diff erent orders.

Methods for Task Instruction

Th ere are three principled methods to instruct 

subjects about the task change: from memory, 

by means of an instructional cue, or by the sub-

jects’ choice. Instruction method appears to 

have an important infl uence on the processes 

contributing to the observed switch costs (e.g., 

Altmann, 2007).

Instructions from Memory

Instruction from memory was the method cho-

sen by Jersild (1927). In his experiments, subjects 

either executed each of two tasks (Task A and 

Task B) in isolation or alternated between them 

(ABAB . . .). Such a method requires keeping in 

memory the task sequence and monitoring the 

progress along that sequence (see Rubinstein 

et al., 2001). Th e method has been criticized on 

the basis of lacking a proper baseline. To rem-

edy this problem, Rogers and Monsell (1995) 

introduced the alternating runs paradigm, in 

which subjects alternated between runs of trials 

involving the same task. When the run length is 

1, the method is equivalent to Jersild’s. When it 

is 2, the sequence is AA-BB- . . . , and so forth.

Th ere are now additional techniques to 

instruct the tasks from memory. For example, 

subjects may receive a cue indicating the task 

sequence in the next two (Sohn & Carlson, 

2000) or more trials (Gopher et al., 2000). 

four respects: (a) the tasks; (b) whether the tasks 

involve a single step or multiple steps; (c) how 

the tasks are instructed; and (d) when they are 

instructed.

Task Differences

Task switching paradigms involve two or more 

tasks. In terms of responses, the tasks may 

require manual responses (oft en key presses, e.g., 

Rogers & Monsell, 1995), vocal responses (e.g., 

Allport et al., 1994; Jersild, 1927), or eye move-

ments (e.g., Hunt & Klein, 2002). In terms of 

memory access, the tasks may require perceptual 

classifi cation (such as color decision, e.g., Fagot, 

1994; Hartley et al., 1990), semantic retrieval, as 

in making an odd–even judgment on digits or 

vowel–consonant judgment on letters (Rogers 

& Monsell, 1995), spatial location judgments (de 

Jong, 1995; Meiran, 1996; Shaff er, 1965), or epi-

sodic memory retrieval (Mayr & Kliegl, 2000). 

In terms of decision type, the tasks may require 

classifi cation (e.g., Rogers & Monsell, 1995), 

odd-item out decisions (Mayr & Keele, 2000), or 

same–diff erent judgments (Meiran & Marciano, 

2002). Only a few studies have tried to examine 

how the choice of tasks infl uences task-switching 

performance. Th e few studies that looked into 

this issue found a remarkable degree of task spec-

ifi city. For example, Yehene and Meiran (2007) 

showed that most of the reliable individual dif-

ferences variance in switch costs is task specifi c 

(.64 to .85) and in another switch-related eff ect 

(the congruency eff ect, explained below), the 

entire reliable variance is task specifi c. Meiran 

et al. (2002) and Meiran and Marciano (2002) 

used the same stimuli with manual responses 

but using classifi cation and same-diff erent judg-

ments, respectively. Th e results of the two stud-

ies diff ered substantially. Specifi cally, although 

preparation drastically reduced switch costs in 

classifi cation tasks, it did not reduce the costs 

at all with same-diff erent judgments. Hunt and 

Klein (2002) showed that switch costs were 

eliminated for eye movement responses, whereas 

they are not eliminated for key-press and vocal 

responses. Mayr and Kliegl (2000) showed that 

semantic memory tasks and episodic memory 

tasks produce very diff erent switch cost profi les.
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whether the cue repetition eff ect is a purely per-

ceptual phenomenon unrelated to task control 

(Logan & Bundesen, 2003; Schneider & Logan, 

2005) or representing a component control 

process (Arrington et al., 2007; Mayr & Kliegl, 

2003, see also Gade & Koch, 2007).

Th ere are numerous studies comparing the 

alternating runs paradigm in which task instruc-

tions come from memory with the cuing para-

digm described here. Rogers and Monsell (1995) 

looked at position in run eff ects. Specifi cally, 

they had runs of four trials (AAAA-BBBB- . . .) 

so that performance in the 1st through 4th posi-

tions could be compared. Th eir results used lon-

ger runs to show that the fi rst trial in the run 

(which is the switch trial) is associated with 

poorer performance than the remaining trials 

in the run (repeat trials), which show similar 

level of performance. Th is “position-in-run” 

eff ect depends on the paradigm. When the 

tasks are ordered randomly and instructed by 

means of an external cue, position in run leads 

to response facilitation even for repeat trials 

(Meiran et al., 2000). Monsell et al. (2003), who 

made a direct comparison between these two 

techniques, suggested that the trend for speed-

ing observed in the cuing paradigm results from 

a gradual increase in task commitment. In the 

alternating runs paradigm, in which the task 

order is known in advance, full commitment is 

achieved immediately.

Self-Selected Tasks

Th ere are three procedures in which subjects 

choose which task to execute. In one procedure 

(Arrington & Logan, 2004, 2005), subjects are 

told to switch between tasks under the con-

straint that the number of task switches will be 

roughly equal to that of task repetitions. Th is 

procedure yields switch eff ects of usual size and 

apparently the diff erence relative to the experi-

menter-instructed approaches described above 

does not lie there (Mayr & Bell, 2006). It lies 

in the frequency in which subjects switch, for 

which the common fi nding shows that subjects 

prefer to stay on the task, and switch on less 

than 50% of the trials, contrary to instructions. 

Although it is tempting to interpret this ten-

dency to stay on a task as refl ecting autonomous 

Capitalizing on the advantage of this technique, 

Gopher et al. showed that the initial slowing in 

the beginning of the run is found also for task 

repetitions, indicating a “restart cost” (see also 

Allport & Wylie, 2000). A similar approach 

was developed by Logan (2004) to assess work-

ing memory (WM) capacity for task sequences. 

Logan found that when subjects are asked to 

memorize a long series of tasks, they form task 

chunks that are analogous in many respects to 

the item chunks in short-term memory tasks 

(Miller, 1956). Moreover, Logan reported that 

the beginning of a “task-chunk” is indicated by 

response slowing. Subjects can also be told to 

SWITCH tasks or STAY on a task (Forstmann 

et al., 2005), so that the next task is based on 

their memory of the preceding task, or receive 

a cue in the beginning of a run of trials, forc-

ing them to maintain the task goal in memory 

throughout the run (Altmann & Gray, 2002). 

Additionally, subjects may learn a task sequence 

implicitly, so that their performance is assisted 

by the (implicit) memory of the task sequence 

(e.g., Gotler et al., 2003; Heuer et al., 2001; Koch, 

2001).

Instructions in Each Trial

Th e fi rst author to have used this method was 

Shaff er (1965), as described already. Th e advan-

tage of this method is that it enables tight con-

trol over task preparation time. Th is advantage 

has been used by Hartley et al. (1990), Meiran 

(1996), Shaff er (1965), and Sudevan and Taylor 

(1987) to study task preparation eff ects by vary-

ing the interval between the task instructions 

and the target stimulus. A methodological 

issue is that the task set adopted in the preced-

ing trial decays over time (Allport et al., 1994; 

Meiran et al., 2000). Th us, task preparation time 

and the time allowed for the previous task set 

to decay are potentially confounded. Solutions 

to this problem were off ered by Meiran (1996) 

and Meiran et al. (2000). Another problem is 

that task repetitions are associated with a rep-

etition of the task cue, and this may contribute 

to switch eff ects. Solutions to this problem were 

developed by Arrington et al. (2007), Logan 

and Bundesen (2003), Mayr and Kliegl (2003), 

and Monsel and Mizon (2006). It is still debated 
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(d) activated response information, such as the 

readiness to respond with the right and the left  

hand, and what each response means in the 

context of the given task (e.g., “a right key press 

means ‘odd’ “); (e) the activated response rules, 

such as “if ODD, press LEFT;” (f) the order of 

actions and action interrelatedness informa-

tion if the task is one involving multiple actions 

(e.g., Luria & Meiran, 2003, 2006; Schneider 

& Logan, 2006), and so forth. All these could 

be described system parameters that change 

when the task changes (Logan & Gordon, 2001; 

Meiran, 2000a; Meiran et al., 2008).

As a rule, when any of these parameters 

changes, responding is slowed. Th is has been 

shown for changes involving the stimulus dimen-

sion (Meiran & Marciano, 2002; Ward, 1982), 

decision rule (Allport et al., 1994; Schneider 

& Logan, 2007), response modality (Philipp & 

Koch, 2005), subtask order in multistep tasks 

(Luria & Meiran, 2003; Luria et al., 2006), a 

change in the meaning associated with a given 

key press (Brass et al., 2003; Meiran, 2000b; 2005; 

Meiran & Marciano, 2002), and so forth.

Once we know that a parameter change 

results in slowing we can begin asking, how are 

task sets mentally represented? One possibility 

is that task sets are represented in a unifi ed for-

mat, which is analogous to a computer fi le that 

contains all the parameters and is retrieved as 

a unit. Alternatively, task sets may be viewed 

as ad hoc assemblies of parameters (distributed 

representation) that change asynchronously. 

Th ere is no defi nitive answer to this question. 

One approach to answer this question is to 

compare conditions involving multiple param-

eter changes to conditions with a single param-

eter change. Some studies report that changing 

multiple parameters results in greater slowing 

as compared with changing a single param-

eter (e.g., Arrington et al., 2003; Steinhauser & 

R. Hübner, 2005; R. Hübner et al., 2001). Such 

a result suggests that each parameter change 

is associated with independent slowing—that 

slowing is additive. It implies that task sets have 

distributed representations (supporting posi-

tions like those of Logan & Gordon, 2001 and 

Meiran, 2000a). Other studies fi nd that a change 

in two parameters results in equal slowing as 

choice, it in fact is aff ected by stimulus factors 

such as stimulus repetition (Mayr & Bell, 2006). 

Another approach was used by Forstmann et al. 

(2006), who gave their subjects more than just 

two tasks and instructed them to either STAY 

or SWITCH. Because there were more than two 

optional tasks to switch to, the switch condition 

involved a task choice. A recently introduced 

third method involves letting subjects to choose 

freely the task to execute without any con-

straint. Th e surprising fi nding is that nearly all 

the subjects choose to switch tasks even when 

switching is from an easy task to a more diffi  cult 

one (Kessler et al., 2009).

MENTAL SETS AND TASK SETS

Th e concept of mental set has a long and per-

haps notorious history in psychology. Gibson’s 

(1941) classical review of the early works was 

highly critical of the concept and argued that it 

is poorly defi ned. A much improved defi nition 

of mental set is aff orded by indices taken from 

the task switching paradigm. It should be kept 

in mind, however, that the greater precision 

came at the cost of a potential loss of generality, 

because what the task switching paradigm pre-

sumably involves is a “task set” which may be a 

narrower term than “mental set.”

Th e term “task set” refers to the active men-

tal representations that aff ord the chosen cogni-

tive activity. As elaborated beautifully by Prinz 

(1997), even the simple RT task, that arguably 

is the simplest cognitive task, requires a task 

set. Th e task requires making a predetermined 

response (e.g., press a key) to any stimulus that 

is presented without making any judgment con-

cerning the stimulus. According to Prinz, even 

this incredibly simple task requires the intention 

(or “task set”) to make the required response, 

without which no response would be made.

What does a task set include? It includes (a) 

the goal state; (b) the selection of task- relevant 

information by attentional mechanisms, includ-

ing the relevant stimulus information and the 

relevant feedback information; (c) activated 

task-relevant semantic information (e.g., when 

the task requires odd-even judgment, the rele-

vant numerical information needs to be active); 
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Monsell, 1995; Rubinstein et al., 2001) currently 

acknowledge the fact that task sets have inertia 

(see especially Yeung & Monsell, 2003a, 2003b), 

which may be regarded as a more passive form 

of control.

WHAT MAKES A COGNITIVE TASK?

Perhaps a more basic question to ask before 

characterizing task sets is, “What makes a cog-

nitive task?” Recent studies have shown that the 

defi nition of a cognitive task depends, to a large 

extent, on what subjects subjectively perceive to 

be a task. Th is answer is very much in line with 

the conclusions above that it is a change in the 

mental representation (of the task parameters) 

that results in slowing.

Support comes from studies on multi-step 

tasks, showing switch eff ects when the task pair 

changes (from, say “respond to color → respond 

to letter” to “respond to letter → respond to 

color”), but the tasks remain the same. Note that 

the perceptual grouping of the letter and color 

tasks into a task pair dictates switch eff ects and, 

hence, how the tasks are represented mentally 

(Lien & Ruthruff , 2004; Luria & Meiran, 2003, 

2006). Corroborating evidence comes also from 

studies on single-step tasks showing that the 

same transition incurs a task switch cost when 

the instructions refer to tasks but not when they 

refer to individual stimulus–response pairings 

(Dreisbach et al., 2006, 2007). Finally, Yehene et 

al. (2005) reported a neurological case, AF, who 

was asked to perform a standard task switch-

ing paradigm involving SHAPE and SIZE tasks. 

Th is patient showed task mixing costs in spite of 

the fact that she had stopped switching and per-

formed only the SIZE task. Similar eff ects were 

found in that study among a group of control 

participants who were instructed to be ready for a 

task switch upon a given instruction, which never 

occurred.

It has long been acknowledged that goals 

and tasks are arranged in hierarchies (e.g., the 

seminal paper by Norman & Shallice, 1986). 

Recent works using task-switching paradigms 

provide support for this position. Th is evidence 

comes from two sources. One is from studies in 

which the tasks involve multiple steps (Luria & 

a change in one parameter (e.g., Allport et al., 

1994), a result that supports the unifi ed repre-

sentation idea. Hahn et al. (2003) and R. Hübner 

et al. (2001) observed additive slowing in some 

conditions but in other conditions a double 

parameter switch incurred as much slowing as 

did a single parameter switch. What seems to 

explain this discrepancy between the two sets of 

conditions is subjects’ strategic tendency to form 

a unifi ed representation. Th is choice of strategy 

is apparently made when the parameters are 

coupled in the experiment (a certain relevant 

stimulus dimension always went together with 

a specifi c judgment). I (Meiran, 2000b) looked 

at the time course of preparation as a function 

of the parameter change. In this study, it was 

shown that a change in the direction of atten-

tion to the relevant stimulus features occurred 

in anticipation of the target, but a change in the 

meaning of the responses occurred aft er or dur-

ing response. Th is fi nding supports the distrib-

uted representation notion.

Regardless of these not yet fully resolved 

issues, most researchers seem to regard switch-

related slowing as a marker for a mental set 

change. (Th e only notable exceptions are the the-

ories of Logan & Bunsesen, 2003, and Schneider 

& Logan, 2005, and related empirical works). 

Th ey disagree on whether the set change refl ects 

goal-related “top-down” processes (e.g., Rogers 

& Monsell, 1995; Rubinstein et al., 2001), more 

refl exive “bottom-up” processes (e.g., Allport 

et al., 1994; Allport & Wylie, 2000) or a combi-

nation of both (Koch & Allport, 2006; Meiran, 

1996, 2000a, 2000b; Meiran et al., 2000; Sohn & 

Anderson, 2001; Yeung & Monsell 2003b).

Th is dispute had and still has an immense 

infl uence on the fi eld. I believe that the disagree-

ment is more apparent than real. For example, 

those who argue that the control operating in 

task switching is refl exive still acknowledge the 

fact that performance on this paradigm involves 

cognitive control. In fact, their idea is that task 

sets persist beyond the time in which they were 

relevant (Allport et al., 1994) or get automat-

ically retrieved by the stimuli to which they 

applied beforehand (Allport & Wylie, 2000). 

Similarly, those researchers who argue that the 

task-set change is goal-directed (e.g., Rogers & 
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between tasks of unequal familiarity, such as color 

naming and word reading of Stroop stimuli, the 

less habitual task (color naming) requires a greater 

degree of top-down control (e.g., MacDonald et 

al., 2000, for evidence). Consequently, switch-

ing away to the easier task results in a seemingly 

paradoxical increase in the switch cost observed 

in the easier task, a phenomenon called “switch 

asymmetry”. Th is phenomenon is also observed 

when bilingual subjects switch between a dom-

inant and a nondominant language (Meuter & 

Allport, 1999). However, there are studies report-

ing the opposite, more intuitively predicted trend 

whereby switch costs are larger for the more dif-

fi cult task (e.g., Rubintein et al., 2001). Th is latter 

fi nding is referred to as “reversed asymmetry.” 

Yeung and Monsell (2003a) found switch asym-

metry when there was a high degree of response 

confl ict and reversed asymmetry with lower 

response confl ict.

When switching from Task A to Task B, two 

control operations are required. One is to inhibit 

Task set A, which has become irrelevant. Th e other 

is to activate Task set B, which has become rele-

vant. Th e task-set inertia process discussed above 

is usually interpreted as a carryover of activation. 

Another form of inner obstacle is lingering inhibi-

tion. Lingering inhibition has been studied in two 

paradigms. Mayr and Keele (2000) introduced 

the backward inhibition paradigm. According to 

them, task transition involves the suppression of 

the abandoned task, which enables one to go on to 

the next task in the sequence. Moreover, this task 

suppression tends to persist. Accordingly, they 

designed a three-task paradigm, with Tasks A, B, 

and C. Th is enabled them to compare two kinds of 

task sequences, both involving an immediate task 

switch. In one sequence, Task A was performed 

aft er having just been abandoned. Th is was the 

A → B → A sequence. In the control condition, 

Task A was performed aft er having been aban-

doned a longer time before, a C → B → A sequence. 

Th e major fi nding was that performance was 

poorer when the task had just been abandoned 

as compared to when it had been abandoned a 

longer time before. Th e eff ect was labeled “back-

ward inhibition” and it has been replicated in a 

variety of paradigms since then (e.g., Arbuthnott 

& Frank, 2000; Schuch & Koch, 2003).

Meiran, 2003, 2006; Luria et al., 2006; Schneider 

& Logan, 2006). Th e other comes from studies 

involving switching between multiple tasks that 

form a hierarchy (Kleisorge & Heuer, 1999). Th e 

signature for hierarchical control in multi step 

size is the sequence initiation time, seen in slower 

responding in the fi rst trial of the sequence (see 

also Logan, 2004). Th e signature of hierarchical 

control within a multi-layered task array is the 

propagation of the switch-signal in the hier-

archy. Th is propagation results in a somewhat 

paradoxical phenomenon of easier switching 

when multiple task elements are switched (for 

detail, see Kleisorge & Heuer, 1999).

PROCESSES

Once we have some grasp concerning what makes 

a task and what is a task set, we can proceed in 

asking what processes are involved in switch-

ing tasks and task sets (and, by extension, which 

processes contribute to mental rigidity and fl ex-

ibility). Based on Ach’s (2006/1910) conception, 

I divide the processes into two broad classes. Th e 

fi rst class includes those processes that create the 

inner obstacle (and contribute to cognitive rigid-

ity). Th e second class includes processes that 

ensure successful goal achievement (and con-

tribute to cognitive fl exibility). A similar hybrid 

account for task switching performance appears 

in many recent theories (e.g., Gilbert & Shallice, 

2002; Koch & Allport, 2006; Meiran, 2000; 

Meiran et al., 2000; Meiran & Daichman, 2005; 

Sohn & Anderson, 2001; Sumner & Ahmed, 

2006; Yeung & Monsell, 2003a, 2003b).

Inner Obstacles and Contributions to 
Rigidity

Task-Set Inertia

One process that enhances the inner obstacle is 

the inertia of the mental sets (Allport et al., 1994; 

see Sumner & Ahmed, 2006, for a discussion of 

the various potential forms of the task-set inertia). 

Presumably, tasks that demand more intensive 

control eff orts form more durable memory traces, 

a fact that makes switching away from these tasks 

more diffi  cult. For example, when subjects switch 
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that subjects may switch to a more cautious 

strategy aft er making an error or aft er encoun-

tering an error-prone condition (e.g., Brown et 

al., 2007; Goschke, 2000). Similarly, subjects pay 

more attention to a given stimulus aspect aft er 

that stimulus was relevant in the preceding trial 

(M. Hubener et al., 2004). In task switching, it 

appears that the adjustment applies mostly to 

the meaning associated with each key press. 

Specifi cally, in many task switching experi-

ments, a given key press is associated with two 

meanings, one for each task. For example, in 

switching between COLOR and SHAPE, press-

ing the left  key may indicate both CIRCLE and 

RED, depending on the task. Results suggest 

that the association between the given mean-

ing (e.g., CIRCLE) and the key press (left  key) 

is strengthened aft er executing the SHAPE task. 

As a result, there is a performance cost when the 

task switches and the left  key is used to indicate 

the other meaning (RED) (Brass et al., 2003; 

Meiran, 2000a; Schuch & Koch, 2004).

Based on this rationale, one would predict 

that switch costs would be lessened if there 

were less opportunity for retroactive adjust-

ment. Indeed, switch costs are actually elimi-

nated when the pre-switch response is inhibited 

(e.g., Philipp et al. 2007; Schuch & Koch, 2003). 

Similarly, when the preswitch trial involves the 

erroneous execution of the wrong task, switch 

costs turn into switch gains, because what is 

nominally a task switch is actually a task repe-

tition (Steinhauser & R. Hübner, 2006). Finally, 

one would predict that a greater degree of ret-

roactive adjustment would result in enlarged 

switch costs. Th is prediction was borne out by 

Sumner and Ahmed (2006).

Conclusions

When people engage in a cognitive activity such 

as task execution, they adopt mental sets. Th ese 

sets involve the needed operations but also the 

inhibition of the no longer needed processes. 

Th e sets are memory representations, and as 

such, they persist in time beyond the point in 

which they were relevant. Moreover, the sets are 

automatically retrieved when the target stimuli 

associated with them are re-presented. Finally, 

In the experiments of Masson et al. (2003), 

subjects reacted to pairs of stimuli. Th e fi rst 

stimulus required naming in which color was 

written either an incompatible color word or 

a row of Xs. Th e second stimulus was verbal 

and required word reading. Th e results show 

that word reading was slowed when preceded 

by incompatible color naming as compared to 

neutral (Xs) color naming. A similar eff ect was 

found for other reading tasks as well. Th is result 

shows that when subjects executed the color 

naming response, they needed to block the word 

reading processing pathway. It also shows that 

this inhibition persisted beyond the time when 

it was needed, indicating task-set inertia.

Stimulus-Set Binding

Yet another form of inner obstacle is stimu-

lus-set binding, according to which task sets 

bind with the stimuli on which the task was 

executed. Note that unlike the task-set inertia 

idea, assuming that the task set persists in an 

active state, the stimulus-set binding idea is 

that the set gets automatically retrieved when 

the stimuli are re-encountered. Potentially, this 

is a useful process because in most cases, stim-

uli consistently require a given task. However, 

rarely, a given stimulus might require a new 

task, making it likely that the wrong task set 

will be retrieved. Accordingly, switch costs are 

increased for stimuli that have been previously 

associated with the alternative task set (Allport 

& Wylie, 2000; Gilbert & Shallice, 2002; Waszak 

et al. , 2003).

Retroactive Adjustments

Th e fi nal form of inner obstacle concerns the 

fi ne tuning of the control parameters that pre-

sumably takes place in order to continuously 

optimize performance in a given task. Th is 

process creates an inner obstacle because when 

there is a task switch from Task A to Task B, the 

cognitive system has just become better tuned 

to execute Task A, and this fi ne tuning impairs 

performance on the following Task B (Meiran, 

1996, 2000a, 2000b). Essentially, this form of 

inner obstacle resembles (or may even be iden-

tical with) negative transfer eff ects discussed in 

the learning literature. It is well-documented 
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from memory (Logan, 2004; Rubinstein et al., 

2001) or become available via the processing of a 

task cue. Th ese processes have been described as 

“goal setting” (Rubinstein et al., 2001) or “task 

decision” (Fagot, 1994). An additional process is 

holding the task identity in some form of WM. 

Below, I review some supporting evidence.

Th e fi rst is Jersild’s (1927) task-cuing eff ect 

described in Historical Foundations (smaller 

switch costs when the tasks are cued), which 

indicates that the retrieval of the next goal aff ects 

performance. Rubinstein et al. (2001) further 

showed that the task-cuing eff ect is additive with 

(and hence, independent from) the eff ect of task 

complexity. Th is result led the authors to suggest 

two serially ordered executive processes: goal 

setting and task-rule implementation. Support 

for the idea that task goals are held in some WM 

comes from studies showing that loading this 

system impairs task-switching performance at 

least in some cases (Baddeley et al., 2001; Bryck 

& Mayr, 2005; Emerson & Miyake, 2003).

Th e second piece of evidence comes from 

Jersild (1927), who showed that when each 

task is associated with a distinct stimulus set, 

switching costs are absent. One could interpret 

this fi nding as evidence that when the stimulus 

sets are disjoint (and clearly distinguishable, 

see Sumner & Ahmed, 2006) there is no need 

to make a top-down task decision. Th e role of 

unambiguous stimulus-task association has 

been elegantly demonstrated by Allport et al. 

(1994, Experiment 4). In this study, the authors 

used disjoint (univalent) stimuli: groups of 

digits (e.g., 333) and Stroop stimuli (e.g., the 

word “RED” written in blue ink), each aff ord-

ing only one task in the given context. As found 

by Jersild, there were no switch costs. However, 

when the task performed on each subset of the 

stimuli changed (from counting the digits to 

saying the digit value, for example) switch costs 

were found. Note that the stimuli remained uni-

valent even aft er the task change because each 

stimulus category was uniquely associated with 

one task. Arguably, the switch costs were caused 

by the created need to recall which exact task to 

execute on the given stimulus type.

Following Braver et al. (2003), Fagot (1994), 

and Los (1996), among others, Rubin and Meiran 

mental sets dictate the type of online fi ne tuning 

of the system that is normally enacted to ensure 

continuous improvement in performance. 

Th is fi ne tuning becomes counterproductive 

when the activity changes. All these factors 

form inner obstacles and are therefore causes 

for behavioral and cognitive rigidity. Th e role 

of the intentional control processes described 

in the following section is to combat the inner 

obstacles in order to ensure fl exible and inten-

tional processing.

Control Processes and Contributions to 
Flexibility

According to the present defi nition, a control 

process is any process that helps to overcome 

the inner obstacles in the service of fl exible 

goal directed behavior. No assumption is made 

that control processes need to refl ect the action 

of an autonomous agent or that control pro-

cesses need to be conscious (e.g., see Gotler et 

al., 2003; Meiran et al., 2002, showing evidence 

for nonconscious control). Finally, no assump-

tion is made that control processes are more 

endogenous than the processes contributing to 

the inner obstacle. Here, I refer to Rogers and 

Monsell’s (1995) infl uential division of processes 

into “endogenous” (which according to them 

means “intentional”) and “exogenous.” In fact, 

some of the inner obstacles just described stem 

from within (from subjects’ memories) and are, 

in that sense, “endogenous.” Concomitantly, 

some control processes are invoked by an exter-

nal stimulus, such as a task cue, and should 

therefore be regarded as “exogenous.”

Th ree control processes feature a major role 

in the current literature on task switching. 

Th ese include (a) deciding which task to exe-

cute and maintaining goal representation in 

memory; (b) inhibiting the alternative tasks and 

fi ltering out task irrelevant information; and (c) 

performance monitoring. I will discuss these 

processes in turn.

Task Decision and Goal Maintenance

Before executing a task, subjects must know 

what the required task is. Th e information 

regarding task identity may either be retrieved 
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slightly but consistently increased over the run. 

Based on this evidence and a formal model they 

argued that the “within-run slowing” is evi-

dence for the forgetting of the goal that, accord-

ing to them, is functional because it allows for 

the smooth encoding of the next goal. It should 

be pointed out that although the within-run 

slowing was replicated in Altmann’s lab under 

a variety of conditions (e.g., Altmann, 2002), 

and a similar (albeit nonsignifi cant) trend was 

found by Rogers and Monsell (1995) among 

others, many other studies consistently fi nd 

within-run speeding, especially when the task 

order is random (Meiran et al., 2000; Meiran & 

Marciano, 2002; Monsell et al., 2003; Sumner & 

Ahmed, 2006; see also Tornay & Milàn, 2001, for 

the same, albeit nonsignifi cant trend). A poten-

tial diff erence between the two types of studies 

is the presentation of a task cue in the beginning 

of the run (Altmann’s studies) or in every trial 

(the remaining studies; see Altmann, 2002).

Inhibition

Task switching requires the interruption of one 

task in favor of the alternative task. Th e inter-

ruption aspect is likely inhibitory. Th e fact that 

task switching involves inhibition is supported 

by two pieces of evidence that were already 

reviewed, including Mayr and Keele’s (2000) 

backward inhibition eff ect and Masson et al.’s 

(2003) eff ects concerning pathway inhibition.

Additional evidence for the involvement of 

inhibition in task switching comes from Logan 

and Burkell (1986), who studied inhibition 

within the framework of the stop-signal par-

adigm (Logan, 1994, for review). In the stop-

signal paradigm subjects are fi rst pretrained on 

a task to create a strong tendency to execute this 

task. Aft erward, they are required to withhold 

task execution on a certain (low) proportion of 

the trials, and their inhibitory abilities are mea-

sured. Th e Logan-Burkel paradigm requires 

that instead of withholding responses (as in 

the standard stop-signal paradigm), subjects 

execute another task. In that respect, this par-

adigm resembles the task-switching paradigm. 

Logan and Burkel’s results indicate that inhibi-

tion was less eff ective (and more demanding) in 

this stop-switch paradigm as compared to the 

(2005) distinguished between switching cost 

and mixing cost (see the description of Shaff er, 

1965, in Historical Foundations). Th ey showed 

that stimulus bivalence (whether the stimulus 

aff ords the competing task) aff ected mixing 

costs and not switching costs and suggested 

that, when the tasks change unpredictably, 

mixing costs represent mostly task decision dif-

fi culty. Bryck and Mayr (2005) provided addi-

tional evidence supporting this assumption.

Further evidence for task decision comes 

from the increase in RT with an increasing 

number of tasks (Biederman, 1973; Dixon, 

1981; Dixon & Just, 1986; Meiran et al., 2002). 

Interestingly, all these studies found the eff ect 

in conditions with little time to prepare and 

not when subjects were given time to prepare, 

suggesting that the choice among the poten-

tial tasks is made in anticipation of the task. 

Similarly, RT was aff ected by explicit block-

wide task expectancy (Dreisbach et al., 2002; 

Ruthruff  et al., 2001; Sohn & Carlson, 2000) and 

by implicit task expectancy. Th e last form of 

expectancy is created in experiments in which 

subjects are led to believe that the task sequence 

is random, whereas in fact it consists of a repeti-

tive pattern. Replacing the repetitive pattern by 

a new pattern resulted in response slowing. Th is 

result indicates that the subjects have learned 

the repetitive task pattern and made use of it. 

Th e eff ects of expectancy are equivalent for 

switch trials and task repetition trials (Gotler 

et al., 2003; Heuer et al., 2001; Koch, 2001; see 

also Koch, 2005), presumably because of the 

need to make a task decision in both cases in 

the absence of an instructed task sequence.

Although the studies, reviewed above, point 

to the importance of having a vivid WM rep-

resentation of the task goal, Altmann and Gray 

(2002; 2008) show evidence that forgetting this 

goal may also be functional. Specifi cally, they 

were interested in the eff ect of the position in 

run on RT. A run is defi ned as a series of tri-

als in which the task is repeated in a context in 

which tasks may switch. Specifi cally, the fi rst 

position in the run is a switch trial, because 

the previous trial involved another task. All 

the remaining positions in the run involve task 

repetition. Altmann and Gray showed that RT 

11-Hassin-Chap11.indd   21211-Hassin-Chap11.indd   212 12/24/2009   12:53:48 PM12/24/2009   12:53:48 PM

OUP � UNCORRECTED PROOF



OUP � UNCORRECTED PROOF

TASK SWITCHING 213

to document this eff ect. Th ey studied switching 

between two numerical classifi cation tasks. Th ey 

asked subjects to press the left  key in response to 

odd numbers (in an odd-even classifi cation) and 

in response to numbers higher than 5 (in a high-

low classifi cation). Right hand responses were 

required for even numbers and for numbers 

smaller than 5. As a consequence, there were 

numbers that required a left -key press in both 

tasks (e.g., “7,” which is both ODD and HIGH). 

Th ese are congruent targets. Other targets 

required diff erent responses in each task. For 

example, “8” required a left -hand response in the 

High-Low task (because it is high) and a right-

hand response in the odd–even task (because it 

is even). Th ese were incongruent targets. More 

generally, congruency relates to whether the tar-

get stimulus requires the same response accord-

ing to both rules. Th e fact that congruence 

eff ects are highly replicable indicates fi ltering 

failure. Th ey show that the currently irrele-

vant task rule is operative and aff ects response 

choice. It should be mentioned here that Meiran 

and Daichman (2005) have recently suggested 

that the congruency eff ect found in errors repre-

sents the erroneous execution of the wrong task. 

In contrast, Meiran and Kessler (2008) show that 

the RT congruency eff ect refl ects the activation 

of overlearned stimulus category codes.

Biederman’s (1972) study, described in Hist-

orical Foundations, shows that subjects are only 

partly successful in fi ltering out information 

that is relevant for one task rule but is irrele-

vant for the task rule that is currently required. 

Additional evidence that information fi ltering 

is used for task control comes from studies com-

paring univalent stimuli with bivalent stimuli. 

Th ese studies show smaller switch costs for uni-

valent stimuli (e.g., Mayr, 2001; Meiran, 2000b). 

A similar role of information fi ltering has been 

noted with respect to the responses. When the 

responses used in the two (or more) tasks over-

lap, each response becomes associated with 

multiple meanings. For example, when switch-

ing between an ODD–EVEN task and a HIGH–

LOW task, a given key press might be used to 

indicate ODD when the fi rst task is required 

and HIGH when the second task is required. 

One way in which control could be achieved is 

standard stop-signal paradigm in which no task 

switching was required. Nonetheless, the diff er-

ence was not large: about 40 milliseconds.

Finally, the fact that task switching involves 

inhibition is supported by three additional 

facts. One is the fact that the Stroop task, com-

monly taken as a measure of inhibition, and 

task switching activate similar regions in the 

prefrontal cortex, including the posterior lat-

eral prefrontal cortex (Derfusss et al., 2005) 

and the anterior cingulate gyrus (Dosenbach 

et al., 2006). Second, switch costs show a sub-

stantial individual diff erences correlation with 

the ability to suppress dominant responses 

and ignore interference (Friedman & Miyake, 

2004). Finally, Yeung et al. (2006; see also Wylie 

et al., 2004) asked subjects to switch between a 

color task and a face task, capitalizing on the 

distinct brain topography of these two tasks. 

Importantly, they showed that individual dif-

ferences in switch costs were positively corre-

lated with individual diff erences in the degree 

to which the currently irrelevant brain region 

was active. Namely, when performing the FACE 

task, for example, brain regions associated with 

the COLOR task were active, and the degree 

to which they were active determined the size 

of the behavioral switch costs observed in the 

FACE task. Th is evidence clearly associated 

switch costs with the failure to inhibit the irrel-

evant task. It should be mentioned that the con-

tribution of inhibition to switch eff ects remains 

somewhat controversial (e.g., Lien et al., 2006).

Information Filtering

Although the term “inhibition” usually refers 

to the entire task, fi ltering refers to the selec-

tion of specifi c task related information such as 

word information when performing color nam-

ing (Masson et al., 2003). Hübner et al. (2004) 

additionally showed that information that was 

relevant for the task that has been executed in 

the preceding trial becomes inhibited aft er a 

task switch.

A well established fi nding in the task switch-

ing literature is the task-rule congruency eff ect, 

which indicates imperfect fi ltering of the infor-

mation related to the currently irrelevant task. 

Sudevan and Taylor (1987) were the fi rst ones 
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blocking of irrelevant information (M. Hübner 

et al., 2004) and the order of sub-tasks making 

a multi-step task (Luria & Meiran, 2003, 2006; 

Luria et al., 2006).

Th is anticipatory preparation was consid-

ered to be a hallmark of executive functioning 

by some authors (Allport et al., 1994; Rogers 

& Monsell, 1995; Meiran, 1996). One surpris-

ing fi nding that keeps intriguing researchers is 

the persistence of switch cost even aft er ample 

preparation time. For example, Meiran and 

Chorev (2005) found that switch costs were 

only slightly and non-signifi cantly smaller aft er 

10 seconds of advance preparation as compared 

to 1.4 seconds. Th ere are some notable excep-

tions to this rule, showing that switch costs can 

be eliminated by advance preparation. Th ese 

include using nonoverlapping responses for the 

two tasks (Meiran, 2000b), switching between 

two eye-movement tasks: a pro-saccade task 

(orient towards the stimulus) and an anti-sac-

cade task (orient away from the stimulus, Hunt 

& Klein, 2002), presenting the task cue only 

briefl y (Verbruggen et al., 2007, but see Gotler & 

Meiran, 2001, for a diff erent result with a simi-

lar procedure), and avoiding a response in the 

pre-switch trial (e.g., Schuch & Koch, 2003).

Th ere are numerous hypotheses regarding 

the nature of this “residual switch cost”. Most of 

these hypotheses share the idea that some, but 

not all of the task set is prepared in advance. Th e 

theories diff er as to when the remaining prepa-

ration or adjustment is being made. Advance 

preparation theories suggest that preparation (if 

used) precedes task execution processes. Rogers 

and Monsell (1995), who were the fi rst to show 

the residual switch cost, suggested that prepa-

ration is postponed until the target stimulus is 

presented (“stimulus-cued reconfi guration”). 

de Jong (2000, see also Nieuwenhuis & Monsell, 

2002; Brown et al., 2006) argued that the par-

ticipants prepare fully but do so only on a sub-

portion of the trials. Lien et al. (2005), who 

observed preparation eff ects for some but not 

all the responses, argued that subjects prepare 

some response rules but not others.

Another idea is that the residual switch cost 

results from the persistent nature of the inner 

obstacles. Allport et al. (1994), for example, 

by selectively attending to one response mean-

ing and temporarily ignoring the other response 

meaning. To study this information fi lter-

ing function, researchers compared univalent 

response setups (in which the responses for the 

two tasks are disjointed) with bivalent response 

setups (in which the responses for the two tasks 

overlap). Further evidence suggests that the link 

between the motor act and its symbolic mean-

ing is adjusted by each task execution (Meiran, 

2000b, Philipp et al., 2007) or even by the mere 

activation of the relevant response representa-

tion (R. Hübner & Druey, 2006).

Monitoring

By monitoring, I refer to ongoing recording of 

changes in control demands and consequent 

behavioral adjustments. A relevant piece of evi-

dence is the increase in switch costs following 

incongruent trials (Goschke, 2000). Brown et 

al. (2007) have recently replicated and extended 

this fi nding. Importantly, their formal model 

attributes this change to monitoring eff ects. 

Indirect evidence for the involvement of moni-

toring comes from brain imaging studies in 

which the dorsal anterior cingulate gyrus is 

oft en implicated (especially Dosenbach et al., 

2006), because this region is believed to involve 

monitoring in a variety of other paradigms (for 

review, Botvinick et al., 2001).

Preparation

I mention “preparation” here although it is a 

process that is not described at the same level 

of analysis as task decision, inhibition, and 

monitoring. Preparation refl ects the changing 

in advance of any of those, plus additional, non 

switch-related task aspects, such as phasic alert-

ness (Posner & Bois, 1971) and stimulus timing 

(Los & Van Der Heuvel, 2001; Meiran et al., 

2000). In fact, evidence for anticipatory change 

has been found regarding task identity (Gade & 

Koch, 2007; Meiran & Daichman, 2005; Sohn 

& Anderson, 2001; Sohn & Carlson, 2000), the 

retrieval of the stimulus-response mapping 

from episodic memory (Mayr & Kliegl, 2000; 

see also Lien et al., 2005, A-L. Cohen et al., in 

press), the direction of attention to the rele-

vant stimulus dimension (Meiran, 2000b), the 
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Press, 1994: pp. 421–452.
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ulus-response bindings and negative priming. 
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processes. Cambridge, MA: MIT Press, 2000: 

pp. 35–70.

Altmann, E. M. Functional decay of memory for 

tasks. Psychol Res 2002; 66: 287–297.

Altmann, E. M. Comparing switch costs: 

Alternating runs and explicit cuing. J Exp 

Psychol Learn Mem Cogn 2007; 33: 475–483.

Altmann, E. M., & Gray, W. D. Forgetting to 

remember: Th e functional relationship of decay 

and interference. Psychol Sci 2002; 13: 27–33.

Altmann, E. M., & Gray, W. D. An integrated 

model of cognitive control in task switching. 

Psychol Rev 2008; 115: 602–639.

Arbuthnott, K. D., & Frank, J. Executive control in 

set switching: Residual switch cost and task-set 

inhibition. Can J Exp Psychol 2000; 54: 33–41.

Arrington, C. M., Altmann, E. M., & Carr, T. H. 

Tasks of a feather fl ock together: Similarity 

eff ects in task switching. Mem Cogn 2003; 31: 

781–789.

Arrington, C. M., & Logan, G. D. Th e cost of a 

voluntary task switch. Psychol Sci 2004; 15: 

610–615.

Arrington, C. M., & Logan, G. D. Voluntary task 

switching: Chasing the elusive homuncu-

lus. J Exp Psychol Learn Mem Cogn 2005; 31: 

683–702.

Arrington, C. M., Logan, G. D., & Schneider, D. W. 

Separating cue encoding from target process-

ing in the explicit task cuing procedure. Are 

there “true” task switch eff ects? J Exp Psychol 

Learn Mem Cogn 2007; 33: 484–502.

Baddeley, A. D., Chincotta, D., & Adlam, A. 

Working memory and the control of action: 

Evidence from task switching. J Exp Psychol 

Gen 2001; 130: 641–657.

Barkley, R. A. Th e executive functions and self 

regulation: An evolutionary neuropsychologi-

cal perspective. Neuropsychol Rev 2001; 11: 

1–29.

suggested that preparation barely aff ects the 

switch cost and the cost is mainly due to task set 

inertia. Mayr and Keele (2000; see also Arbuthnott 

& Frank, 2000; Schuch & Koch, 2003) suggested 

that the residual cost results from a carryover of 

task inhibition that took place in previous tri-

als. I suggested that the residual cost is a form of 

negative transfer because of retroactive adjust-

ment (Meiran 1996, 2000a, 2000b; see above).

Luria et al. (2006) contrasted these two 

accounts using multistep tasks that required 

subjects to make three responses to each stim-

ulus according to the three dimensions of the 

stimulus. Th ey found switch costs in the second 

response in the response triplet, suggesting that 

the task preparation was not completed aft er 

the stimulus was presented because it persisted 

beyond the fi rst response. Th is result is incom-

patible with the postponed preparation idea of 

de Jong (2000) and Rogers and Monsell (1995) 

but is in line with the idea concerning a carry-

over of inner obstacles.

CONCLUSION

Th ere are numerous processes that contribute to 

cognitive fl exibility. Th ey include the decision of 

which activity to execute, the vivid representa-

tion of goals, the inhibition of previous goals, and 

the fi ltering of no-longer relevant information. 

Th e goals are usually arranged in hierarchies 

so that more global goals (such as completing 

writing this chapter) are subdivided into smaller 

goals (such as completing writing this section). 

Flexible performance is ensured by online moni-

toring and consequent behavioral adjustments. 

Finally, many of these processes can be carried 

out in preparation for the activity. Th is prepara-

tion, although useful, is rarely complete, and in 

most circumstances, the inner obstacles infl u-

ence (but do not dictate) behavior, at least until 

the fi rst execution of the next task or activity.
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