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DEVELOPMENTALL DIFFERENCES IN SET-SWITCHING 

Thiss study is concerned with changes in executive control processes involved in set 
Shiftingg during development. We examined performance on a cued task-shift task 
ofehjfcteenn (N=17, aged 6-10), adolescents (N=17, aged 11-14), and adults (N=13, 

ï ;agi t l4 |Ni§*.. We tested age related differences in shift costs (latency differences 
betweéftt repetitions and alternations) and mixing costs (latency differences between 
puree blocks andflf^petitions in mixed blocks). Age related differences in shift costs were 
foundd to be spUfMiant, with largest costs found for the youngest groups, and partly 
independentt offj§tet)al speed performance. Mixing costs did not show a differential 
patternn with agp. The results are discussed in terms of development of executive 
processes. . 

5.11 Introduction 

Executivee control functions are those cognitive functions that are concerned with the 
selection,, scheduling, and coordination of computational processes. These processes are 
involvedd in perception, memory, and action. Executive control functions play an important 
rolee in the flexible transition between different tasks. There is currently a renewed interest 
inn executive control functions among researchers of cognitive development and aging. This 
interestt in the development of control of cognitive processes is manifest in the development 
off  models of cognition that attribute an important role to these functions (e.g., Meyer and 
Kieras,, 1997; Norman and Shallice, 1986; Schneider and Oliver, 1991; Stuss, 1992), and 
inn empirical studies on subsets of executive control processes in young and old adults (e.g., 
Gopher,, 1996; Kramer et al., 1995; Mayr and Kliegl, 1993; Mayr et al., 1996; Rogers and 
Monsell,, 1995). One paradigm to study cognitive control and flexibility  is task-switching, 
inn which participants switch between a set of choice response time tasks. In this study we 
wil ll  use this paradigm to measure cognitive flexibility  and inhibition. The main goal of 
thee present study is to examine developmental changes in set-switching abilities. Thus, we 
hopee to gain insight into the developmental course of cognitive processes that are relevant 
too performance on switching tasks. 
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5.1.11 Neurocognitive Development 

Clearly,, a requirement in the study of executive functions is an understanding of the nature 
off  these functions. An influential model in the field of (neuro-)cognitive development and 
agingg which emphasizes the role of executive functions is the Frontal Lobe Hypothesis. 
Proponentss of this frontal lobe hypothesis (e.g., Ardila and Rosselli, 1989; Dempster, 1992, 
1993;; Dempster and Brainerd, 1995; Diamond, 1990; Pennington, 1994; Stuss, 1992; Welsh 
ett al., 1991; West, 1996; Whelihan and Lesher, 1985) propose that developmental trends in 
thee speed of cognitive functioning should be examined in relation to age-related changes 
inn brain structure. They conclude that the frontal, specifically prefrontal (PFC), and more 
specificallyy dorsolateral prefrontal (DLPFC) brain structures, and the cognitive functions 
thatt rely on these parts of the brain, are most susceptible to effects of age at both ends of 
thee life span. Neuroimaging studies of cognitive development and aging are also inspired 
byy this biological framework (for a review see van der Molen and Ridderinkhof, 1998b). 
Thee results of studies which examine brain maturation in healthy children, using different 
imagingg techniques, suggest that the frontal lobes are the last to fully develop (e.g., Chugani, 
1994;; Courchesne, 1978, 1990; Jernigan etal., 1991; Thatcher, 1994). Localization studies 
inn task-switch settings showed a network of frontal, prefrontal, and parietal areas more active 
inn set switching (e.g., Dove et al., 2000; Kimberg et al., 2000; Meyer et al., 1998). We 
concludee that executive functions relevant in flexible task-shifting performance are likely 
candidatess for showing age-related performance differences. 

Onee of the standard tasks in neuropsychology used to test executive functions, specif-
icallyy cognitive flexibility  and inhibitory functions, is the Wisconsin Card Sorting Task 
(WCST;; Grant and Berg, 1948). In the WCST, subjects experience difficulty in switching to 
anotherr sorting criterion (e.g., classifying the same cards according to shape) once they 
havee for some time classified cards according to one stimulus dimension (e.g., color) 
inn a series of trials. Milner (1963) reports that patients with dorsolateral frontal-lobe 
lesionss experience greater difficulties in switching from one rule to another compared to 
patientss with orbitofrontal or more posterior lesions. This specific behavioral pattern is 
attributedd to a greater susceptibility to the interference of responses made according to the 
previouslyy correct rule. Since Milner, many studies have confirmed the specific sensitivity 
off  perseverative behaviors to deficient functioning of frontal cortex (e.g., Barceló et al., 
1997;; Barceló and Santome-Calleja, 2000; Drewe, 1974; Stuss and Benson, 1984). Recent 
neuroimagingg studies implicate the activation of prefrontal structures in successful WCST 
performancee (e.g., Barceló, 1999; Berman et al., 1995; Konishi et al., 1999, 1998; Omori 
ett al., 1999; Ragland et al, 1997; Tien et al., 1998). As WCST performance involves 
manyy different aspects of executive functioning (e.g., performance monitoring, integration 
off  feedback, rule induction, set switching, and suppression of previous sorting rules), this 
taskk is likely to engage activity of other cortical areas as well. The network of brain areas 
involvedd in WCST performance includes prefrontal cortex, the hippocampus, and posterior 
associationn cortex (e.g., Anderson et al., 1991; Corcoran and Upton, 1993; Nagahama et al, 
1996,, 1998; Tien et al., 1998). Nonetheless, there appears to be general consensus both 
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inn clinical practice, in experimental neuropsychology, and in cognitive neuroscience that 
prefrontal-cortexx dysfunction is the main factor underlying deficient WCST performance. 
Moree generally, it is believed that perseverative behavior is largely a reflection of inefficient 
prefrontall  activity (for a review see Barceló et al., 1997). 

Performancee on the WCST and similar tasks has been observed to change with age 
(cf.. Heaton et al., 1993). In particular, the tendency to persevere in obsolete sorting rules 
decreasess as children grow older (e.g., Chelune and Baer, 1986; Zelazo et al., 1996), and 
increasess in the later stages of life (e.g., Arbuckle and Gold, 1993; Dywan et al., 1992; 
Espositoo et al., 1999; Fristoe et al., 1997; Kramer et al., 1994; Loranger and Misiak, 1960; 
Nagahamaa et al., 1998; Raz, 2000; Ridderinkhof et al., in press; Salthouse et al., 1996). 

5.1.22 Task-switching 

AA limitation of studies utilizing the WCST is that the WCST is a highly complex task that 
involvess other abilities in addition to flexibility  and inhibitory functions. Thus, Stuss et al. 
(1995)) argued that more specific tests are needed to describe cognitive flexibility.  They 
suggestedd that the task switching paradigm might provide an experimental analogue of the 
WCSTT demands involving switching ability, flexibility  and inhibition. 

Resultss of studies utilizing the WCST in young children typically show a robust effect of 
agee on the number of perseverative errors. This also suggests that interference of irrelevant 
informationn is manifest in development. The number of perseverative errors made in the 
WCSTT is tentatively linked here with switching costs, as they both involve set-shifting 
abilities.. In an aging study using WCST type tasks, Ridderinkhof et al. (in press) found 
thatt older adults were unable to capitalize on explicit switch cues (either non-specific 
orr specific). They concluded that basic set-switching abilities, rather than rule-induction 
orr performance-monitoring abilities, are the primary factor responsible for the increased 
tendencyy to persevere as adults grow into senescence. If this conclusion is valid, we would 
expectt subjects that are vulnerable to perseveration in the WCST to have difficulties in 
switchingg set in the task-switch paradigm. 

Thee present research focuses on developmental changes in executive control processes. 
Ass executive control of cognition is most likely not unitary in nature (e.g., Gopher, 1996; 
Stuss,, 1992; West, 1996) in this study a specific paradigm, referred to as 'task switching' is 
utilized,, which is relatively well characterized in terms of executive control. This paradigm, 
introducedd by Jersild (1927), requires subjects to perform a set of relatively simple tasks such 
ass judging whether a letter is a vowel or a consonant, judging the number of elements present 
inn a display, or comparing two multidimensional stimuli. Initial task-switch procedures 
examinedd differences in response times of continuous alternations of two tasks on successive 
trialss (e.g., ABAB) and response times on successive trials of the same task (e.g., AAAA) . 
Thiss procedure is now called the task-alternation procedure, and is used for instance by 
Airportt et al. (1994). Rogers and Monsell (1995) used an adjusted procedure, in which 
subjectss switch every nth trial, instead of every trial (e.g., ABBA). In this procedure (the 
alternatingalternating runs procedure), repetitive trials and alternating trials from the same run can 
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bee examined. This procedure has the advantage over the task-alternation procedure that the 
latterr may involve varying memory loads between blocks. On the alternating blocks, subjects 
havee to maintain task instructions for both tasks in memory, in contrast to the repetitive 
blocks,, where only one of the task sets has to be maintained. Meiran (1996) argued that 
aa more representative picture of switching behaviour could be obtained if differences in 
working-memoryy demands could be lifted altogether. Meiran extended the task-alternation 
proceduree by abandoning the fixed order in which tasks were switched. Instead, the two tasks 
weree presented in random order, with a task-cue preceding every trial. In this procedure, the 
cuedcued task-switch procedure, on some trials the cue designates a task repetition, whereas 
onn the other trials the cue designates alternations between tasks. Using this procedure, 
working-memoryy demands are reduced to the interpretation of the cue, and the selection 
off  the required stimulus-response couplings. 

Mixin gg costs and Shift costs  Several measures of set-switching costs can be calculated 
andd are attributable to different cognitive processes. In the literature on task-switching the 
termm 'switching costs' is used for any of these measures. According to one of the definitions 
usedd in this literature, switching costs are calculated using only mixed blocks: switching 
costss are defined as latency differences of responses on trials that are preceded by trials of 
thee same tasks (repetitions), and trials that are preceded by a different task (alternations, 
e.g.,, Monsell et al., 2000). This type of switching cost is also termed 'specific switching 
costs'' (e.g., Kray and Lindenberger, 2000; Mayr, 2001) or 'shift costs' (Rogers and Monsell, 
1995).. Using a combination of pure blocks and mixed blocks, switching costs can be 
definedd as latency differences between blocks (e.g., Allport et al., 1994; Los, 1996; Mayr, 
2001).. This type of switching costs is also known as 'mixing costs' (Los, 1996) or 'general 
switchingg costs' (Kray and Lindenberger, 2000). Another variable that can be derived from 
thee mixed-pure blocks is also termed 'mixing cost', or 'mixed-list costs', but refers to 
latencyy differences between pure blocks and repetitions in mixed blocks (e.g., Fagot, 1995, 
vann Asselen and Ridderinkhof, 2000). In the current experiment we will use three of the 
abovee terms. Switching costs refer to latency differences between pure and mixed blocks. 
Switchingg costs are a composite of shift costs and mixing costs. Shift costs are expressed 
inn the latency differences between repetitions and alternations in the mixed blocks. Mixing 
costss are represented by latency differences between pure blocks and repetitions in mixed 
blocks. . 

5.1.33 Component processes 

Severall  different conjectures have been submitted to account for the costs observed in task 
switching,, and several different processes have been considered to be involved in shift costs 
andd in mixing costs. Here we review only the more mainstream theoretical positions. 
Althoughh the present study does not allow to distinguish between alternative accounts, 
itt does allow us to discriminate developmental trends in the different types of processes 
underlyingg shift costs and mixing costs. 
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Shiftt  costs  One explanation of shift costs is in terms of task-set reconfiguration (e.g., 
RogersRogers and Monsell, 1995). This view holds that active control processes are engaged in case 
off  a task switch to reconfigure the task set for the appropriate task, while no such control 
processess are necessary in case of a task repetition. If the switch of task is predictable, 
thenn part of this task-set reconfiguration is performed in advance of the task stimulus; the 
moree time to complete this endogenous task-set reconfiguration, the smaller the shift costs. 
However,, shift costs do not disappear altogether even if there is ample time to complete 
thee endogenous task-set reconfiguration processes. To account for these residual shift costs, 
Rogerss and Monsell argued that a second, exogenous component of task-set reconfiguration 
iss triggered by the presentation of the actual task stimulus. 

AA third component was proposed by Meiran et al. (e.g., Meiran et al., 2000; Meiran and 
Gotler,, 2001), who argued that activation of the new task set is preceded by dissipation of the 
oldd task set (as shown by the finding that local shift costs dissipated during the response-cue 
intervall  (RCI), in which subjects awaited the instructional cue indicating the task for the next 
trial).. Evidence for inhibition of task sets was also provided by Mayr and Keele (2000), who 
showedd that shift costs were larger if the new task set had recently been activated compared 
too when it had not. 

Ann alternative view of shift costs is in terms of proactive interference (e.g., Allport 
ett al., 1994). In this view, that has recently been modified an extended (e.g., Wylie and 
Allport,, 2000), when a task alternation requires the performance of a task that differs from 
thee preceding one, there remains some residual activation for the task set associated with the 
precedingg trial by the time that the task set associated with the present trial gets activated. 
Thiss residual task-set activation then interferes with the activation for the new task for many 
successivee trials after switching from the competing task (Wylie and Allport, 2000) 

Mixin gg costs  The finding that task repetitions are responded to more slowly when the 
repetitionn occurs in a mixed block compared to a pure block may emanate from several 
origins.. Los (1996) distinguishes two possible mechanisms, one top-down and the other 
bottom-up.. The top-down mechanism rests on the assumption that subjects are less well 
preparedd in mixed compared to pure blocks, due to greater uncertainty about the task to 
bee presented in the forth-coming trial; the bottom-up mechanism consists of proactive 
interferencee of recent task sets, much as in Allport's original conjecture (Allport et al., 1994). 

Whetherr generated bottom-up or top-down, mixing costs are generally considered to 
reflectt the inability to efficiently maintain and coordinate multiple alternative task sets in 
workingg memory, and to actively update relevant task sets in mixed blocks (cf. Kray and 
Lindenberger,, 2000; Mayr, 2001). 
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5.1.44 Development of Switching Speed 

Thee present study is concerned with developmental changes in set switching speed. Whereas 
thee literature on cognitive aging now includes many studies of age-related changes (across 
thee adult life span) in the speed of set-switching using the task-switch paradigm, such studies 
aree still scarce in the literature on childhood development. Studies in the area of adult age-
relatedd changes usually show a robust interaction between age and switch-conditions (e.g., 
Krayy and Lindenberger, 2000; Span et al., 200lb). Kray and Lindenberger (2000) found shift 
costss (or specific switching costs) and mixing costs (or general switching costs) to be larger 
inn older adults. Most importantly, age-associated increments in costs were significantly 
greaterr for general than for specific switching costs. Span et al. (2001b), using the same 
taskss as described below, but in an senior population, performed regression analysis on pure 
blocks,, repetitive trials in mixed blocks, and alternating trials. They concluded that param-
eterr estimates in the mixed conditions deviated from parameter estimates in pure blocks. 
Moreover,, age-related changes in response latencies in pure blocks could be described using 
aa linear function, whereas mixed blocks were better described by an exponential function. 
Althoughh no significant difference between repetitions and alternations was found, the age-
relatedd effect on alternations tended to be larger than the effect on repetitions. These results 
aree consistent with the results of Kray and Lindenberger (2000), indicating that the ability 
too efficiently maintain and coordinate two alternating task sets in working memory (instead 
off  one) is more negatively affected by advancing age than by the ability to execute the task 
switchh itself. 

Onlyy recently, results are starting to appear on lifespan trends (e.g., Cepeda et al., 2001) 
inn task-shifting performance. Cepeda et al. studied changes in preparatory and interference 
processess which underlie switching between different tasks. In their study, switching costs 
weree calculated by subtracting pure-block latencies from mixed-block latencies. Using a set 
off  two tasks (deciding whether the number 1 or the number 3 was presented, vs. whether 
11 or 3 numbers were presented on the computer screen), they observed that switching costs 
followedd a U-shaped function across the life span. Although they did not contrast young 
age-groupp performance with adult performance, they reported an interaction between age-
groupp and switching costs, with switching cost being largest in young children (aged 7-9) 
andd older adults (aged 60+). Children benefited as much as older adults from a prolonged 
Cue-Targett Interval (CTI), associated with preparation processes. However, children did 
nott benefit from a longer Response-Cue Interval (RCI) associated with inhibition of the 
previouslyy performed task. In general the data of Cepeda et al. are consistent with the frontal 
lobee hypothesis, with comparable effects on both end of the lifespan. Their study provides 
evidencee of a differential time course for the development of active preparatory processes 
andd inhibition, with preparatory processes becoming efficient during early development. 
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5.1.55 The present study 

Thee main goal of the present study is to examine developmental changes in set-switching 
abilities.. It also focuses on the similarities and dissimilarities between the pattern of behavior 
foundd in our sample of children (6-10 years old), adolescents (11-14 years old) and adults 
(16-266 years old), and the effects found in the literature on aging and set-switching. 

Inn this study, a cued three-set switch task is used. The response latencies on this task 
(mixedd blocks) are compared to the response latencies on blocks without switches (pure 
blocks).. In all choice tasks, the stimulus material and the response mappings were identical: 
stimulii  are pictures that have three discriminating dimensions. The instruction was either to 
continuouslyy adopt one of the discriminating dimensions (Pure Blocks), or to use the cued 
discriminatingg dimension (Switch Blocks). 

Inn order to investigate the underlying processes that contribute to the developmental 
changess in task-switching, both shift costs (differences between non-switch and switch trials 
withinn heterogeneous blocks) and mixing costs (latency differences between repetitive trials 
inn homogeneous and heterogeneous blocks) are analyzed. Shift costs are associated with 
thee ability to execute the task-switch itself. Mixing costs are associated with the ability to 
efficientlyy maintain and coordinate three alternating task sets in working memory (instead 
off  one). Thus, the present study allows to examine the extent to which developmental trends 
inn task-shifting performance (as reported by Cepeda et al., 2001) involve basic set-shifting 
abilities,, global task-set coordination abilities, or both. 

Thee response times on a simple reaction time task are entered as covariate into the 
analysess to test the age-related effects on switching speed against general, non-specific 
effectss of age on basic perceptual and motor speed. This task shares as many features as 
possiblee with the choice reaction time tasks to minimize the contribution of unrelated error 
variancee elicited by task differences. 

5.22 Method 

5.2.11 Participants 

477 subjects participated in the present study. The participants were subdivided into three 
agee groups. The child group comprised 17 subjects (range=6-10, mean=8.23, sd=1.07), 17 
subjectss were in the adolescent group (range =11-14, mean=11.8, sd=.97) and the young 
adultt group consisted of 13 subjects (range =16-26, mean=21.07, sd=3.2). Mean Raven-
percentilee scores did not differ with age (F(2,44) = \A,p > .2), suggesting that groups 
weree comparable in terms of intelligence. 
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5.2.22 Stimulus material and apparatus 

Thee participants were seated in front of a computer monitor at a viewing distance of 40 cm. 
Stimuluss presentation and response registration were controlled by an IBM compatible 486 
computer.. Stimuli are shown in Figure 2.1. Stimuli are distinct with respect to three 
dichotomouss dimensions. These dimensions are: man-woman, happy-sad and wearing 
glassess or not. All stimulus elements were black line drawings presented against a white 
background.. Stimuli were presented in a square of 3 x 3 cm in the center of the computer 
screen. . 

5.2.33 Tasks and procedure 

AA fixation cross was presented before each trial for 500 ms in the middle of the presentation 
square.. After 500 ms the fixation cross disappeared and following an interval of 33, 166 
orr 500 ms (selected at random) the stimulus was shown. The stimulus presentation was 
terminatedd by the response. Subsequent to the subject's response, visual feedback was 
presentedd with a delay of 100, 500 or 1500 ms (selected at random). Feedback consisted 
off  the presentation of the words 'GOED' (correct) or 'FOUT' (incorrect) just below the 
presentationn square. On each trial, one stimulus (selected at random) appeared in the square 
inn the middle of the screen. The stimulus required a response with one of two response keys 
(thee 'z' and V' keys of the computer keyboard that were operated by the left and right index 
fingers,, respectively). The subject's task was to respond as fast and accurately as possible 
withh the designated response finger. The next trial was started exactly 1 s after the subjects' 
response.. The definition of a correct response on a given trial depended on the specific 
instruction,, which varied from task to task. This was explained in detail to the subject prior 
too each task. All tasks were practiced before the main session, in a separate practice session 
thatt included all tasks. The five tasks were administered in random order, to control for 
sequencee effects. 

Simplee Response Time task (SRT)  In the SRT task, whenever a stimulus appeared the 
subjectt was required to press the response button as fast as possible with his/her right index 
finger,finger, regardless of the identity of the stimulus. This task was presented in a block of 40 
trials,, and was practiced for 20 trials. 

Puree Blocks: Choice Reaction Time Tasks (CRT-1, CRT-2 and CRT-3)  Three highly 
comparablee tasks were administered. The difference between the tasks is the stimulus 
dimensionn that was selected for discrimination. In the CRT-1 female faces designated left-
handd responses; male faces designated right-hand responses. In the CRT-2 happy faces 
designatedd left-hand responses; sad faces right hand responses. In the CRT-3 faces wearing 
glassess designated left-hand responses; faces without glasses right-hand responses. Each of 
thesee three CRT tasks was presented once in a block of 50 trials, and practiced in a block of 
200 trials before the main session. 
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Switchh Blocks: Choice Reaction Time/Task Switch task  The task switch task is the 
implementationn of a three-set task-switch paradigm. The three task sets used are the three 
choicee reaction time tasks that were practiced in the training session. The subjects had to 
respondd to each stimulus using the task-set that was cued before the stimulus appeared. 
Thee cue used consisted of two words: "Man-Vrouw" (man-woman) for the CRT-1 task, 
"Lachen-Niet""  (laugh-not) for the CRT-2 task and "Bril-Geen" (glasses-none) for the CRT-3 
task.. This cue was presented for 500 ms, and was followed by an interval of 33, 166 or 
500mss (selected at random) preceding the stimulus. On each trial there was a 50% chance 
off  a switch in rule-set. Therefore about 50% of the trials were preceded by trials of the same 
task-set,, and 50% of the trials were preceded by trials of a different task-set. The task-switch 
taskk consisted of 150 trials. An additional 30 administered before the main session served 
ass practice trials. 

Caree was taken to ensure that all subjects understood the instructions and were able 
too perform the task. Feedback was given to motivate the subjects to perform as fast and 
accuratelyy as possible. The tasks were administered in random order, and were separated 
byy short breaks of one to two minutes. A four-minute break followed the second task. The 
timee taken to complete one task block varied between 5 and 11 minutes, depending on the 
specificc task. Total test time was about 45 minutes, including time spent on the break and a 
shortt intelligence test. 

5.2.44 Data Analysis 

Dependentt  Measures  Mean RT's on trials that were responded to correctly was the 
dependentt measure in the analysis of variance. All response latencies shorter than 75 ms 
weree discarded (less than 2% of all trials). As there were no trials exceeding four standard 
deviationss of the mean in any of the subjects we decided not to eliminate outliers. The trials 
off  the task-switch task were subdivided into repetitions and alternations. We used a repeated 
measuress design, entering task and trial types as within-subject variables and age-group as 
between-subjectt variable. The analyses were carried out using the R statistical package 
(Ihakaa and Gentleman, 1996). 

5.33 Results 

Meann response latencies on the different tasks are shown in Table 5.1 and in Figure 5.1 (left 
panel).. Error proportions are shown in Figure 5.1 (right panel). Mean shift costs and mixing 
costss are shown in figure 5.2. 

Twoo sets of analyses were performed. The first set of analyses addressed the effects 
off  age-group on mixing costs and switching costs (ANOVA). The second set of analyses 
examinedd the effects of age-group on mixing costs and switching costs given the response 
timess on the SRT (ANCOVA). In this way we controlled for differences in perceptual and 
motorr speed (using analysis of covariance) by entering SRT performance as a covariate into 
thee ANOVA. 
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Figuree 5.1: Response Latencies and Error Proportions for both the switch tasks and the pure blocks 
(see(see text for the descriptions of the tasks). 
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Tablee 5.1: Response Latencies for both the switch tasks and the pure blocks. The Simple Response 
tasktask is a identity-independent response measure. Pure Blocks are simple choice reaction 
timetime tasks varying in perceptual difficulty. On the task-switch task these three choice 
reactionreaction time tasks were mixed (see text for the descriptions of the tasks). 

Age-Group p 
Simplee Response: 
Children n 
Adolescents s 
Adults s 

Repetition; ; 
mean n 

477 7 
354 4 
271 1 

sd d 
(116) ) 
(108) ) 
(65) ) 

Alternations Alternations 
mean n sd d 

Puree Blocks: 
Children n 
Adolescents s 
Adults s 

976 6 
646 6 
445 5 

(200) ) 
(157) ) 
(55) ) 

Switchh Blocks: 
Children n 
Adolescents s 
Adults s 

1119 9 
772 2 
525 5 

(123) ) 
(190) ) 
(107) ) 

1305 5 
847 7 
567 7 

(147) ) 
(202) ) 
(139) ) 

5.3.11 Analysis of Variance 

Shiftt  costs  Both shift costs and mixing costs are shown in Figure 5.2. Mean response 
latencyy on correct responses on the task-switch task were entered into an ANOVA with 
Agee Group as between-subjects factor and Trial Type (repetitions versus alternations) as a 
within-subjectss factor. This analysis of variance revealed a significant effect of Age Group 
(F(2,44)) = 73.3,p < .001), Trial Type (F( l ,44) = 74.8,/? < .001) and an Age Group x 
Triall  Type interaction (F(2,44) = 12.5,p < .001). The within subject ANOVA on error 
proportionss showed no significant effect for Age Group (F(2,44) = 3.0, p > . 1), no effect for 
Triall  Type (F( l ,44) = .46,/? > .1) and no Age Group x Trial Type interaction (F(2,44) = 
2 .37, /?>. l ). . 

Mixin gg costs  We also entered the repetitive trials in the task switch setting together with 
thee pure block latencies in an ANOVA to test mixing costs. The ANOVA model included 
Agee Group as a between-subject factor, and Task Type (pure versus mixed) as within-
subjectss factor. For the response latencies this ANOVA showed significant effects of Age 
Groupp (F(2,44) = 79.8,/? < .001), a significant Task Type effect (F( l ,44) = 41.8,/? < .001) 
butt no significant interaction between these factors (F(2,44) = .96, p > . 1l ). In the ANOVA 
onn error proportions, only the Task Type factor showed a significant effect (F( l ,44) — 

11 Post-hoc analyses showed the effect size to be negligible. Hays' (02 for mixing cost in this study is extremely 
small:: The partial W| = 0.0017. W„ can take on negative values, because it is estimated (©„  is estimated by: 
W22 = 2

2rj  i\VN)- Hays' 0)2 cannot assume negative values, but it is clear that the effect is negligible. 
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8.17,/?? < .01), but the Age Group effect and the interaction between age and task were 
nott significant (F(2,44) = 1.79,/? > .1 and F(2,44) = 2.8,/? > .05, respectively). The trend 
towardss an interaction as well as the main effect of Task Type were found to go in the same 
directionn as the corresponding effects on response latencies, thus discarding an explanation 
inn terms of speed/accuracy trade-off. 

5.3.22 Analysis of Covariance 

Thee analyses above were repeated with the response times of the individual subjects on 
thee SRT task as a covariate. This analysis tests the variance on the response times of the 
experimentall  conditions that is not shared with the SRT. Again, Age Group was entered as 
aa between-subjects factor, and Task Type or Trial Type as within-subject factor. The mean 
responsee times on the SRT are presented in Table 5.1 and differed by Group: Older groups 
aree faster than younger groups (F(2,42) = 14.7,/? < .01). 

Shiftt  costs  This analysis of covariance showed a significant Age Group (F(2,41) = 
33.83,/?? < .001), Trial Type (F(l,41) = 81.01,/? < .001), and Age Group x Trial Type 
interactionn (F(2,41) — 4.06,/? < .05), that were independent of the SRT performance. 

Mixin gg costs  Although no Age Group x Task Type interaction was found using 
ANOVA,, we also performed an analysis of covariance on the mixing cost data. Both the Age 
Groupp effect (F(2,41) = 38.3,/? < .001), and the Type effect (F(l,41) = 39.51,/? < .001) 
remainedd significant. The interaction between these main effects was (not surprisingly) not 
significantt (F(2,41) = .37,/? > .1). 

5.44 Discussion 

Developmentt  of Switching Speed  The main goal of this study was to gain insight 
intoo developmental changes in set-switching abilities. Using the task-switch paradigm we 
hopedd to identify the processes that are relevant in developmental trends in the efficiency of 
cognitivee functions as involved in switching sets. To reduce the amount of irrelevant variance 
betweenn tasks the stimulus material and the response mappings were identical between tasks. 

Thee approach we took to identify component processes in task switching is similar to 
thatt taken by Fagot (1995). Fagot distinguishes three experimental conditions: Pure blocks, 
repetitivee trials in a switch setting and alternating trials in a switch setting. The difference 
betweenn the response latencies in single task performance and latencies in alternating trials 
iss termed 'switching costs', and reflects the conjunction of two components. The first of 
thesee components is mixing cost, the reflection of the decay in performance resulting from 
keepingg multiple task sets in working memory, or 'the mere relevance of several tasks rather 
thann a single task' (Meiran and Gotler, 2001, page 167). The second component is shift 
costs,, associated with processes that detach previously correct stimulus-response rules from 
workingg memory (inhibition), working memory processes, and task-set activation processes 
(thee reconfiguration of stimulus-response rules). 
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Figuree 5.2: S/u/ï C<wte are latency differences between repetititive trials and alternating trials in 
mixedmixed blocks. Mixing costs are latency differences between repetitive trials in the mixed 
blocksblocks and the pure blocks. 
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Thee main finding of the present study is that the ability to reconfigure the cognitive 
systemm when switching from one set to another is disproportionally inefficient in childhood. 
Inn contrast, the ability to effectively maintain and coordinate multiple task sets during task 
switchingg does not seem to undergo disproportional development. Interestingly, this result 
iss the opposite of the pattern of results observed at the other end of the life span by Mayr 
(2001),, who performed an aging study using a cued (three set) task shift paradigm. Mayr 
conductedd two experiments to investigate the role of several cognitive processes on age-
relatedd differences in task-shift performance. In his first experiment he found substantial 
mixingg costs (global costs) and smaller shift costs (local costs), thus replicating the find-
ingss of Kray and Lindenberger (2000). Focusing on the influence of so-called backward 
inhibitionn of no-longer-relevant task sets, Mayr suggested that this process is utilized by 
olderr adults, possibly to compensate for difficulties with the activation and maintenance 
off  the currently relevant set. In the second experiment he replicated this finding, and 
wass able to relate age-related differences in mixing costs (global costs) to situations with 
stimuluss ambiguity and full response-set overlap. Mayr suggested that mixing costs can 
bee attributed to age-related difficulties in set-updating, a process that is thought to reset the 
internall  control, and which is relevant only in the task-shift environment. Both conditions 
(stimuluss ambiguity and response-set overlap) which are found relevant for the occurrence 
off  disproportional mixing costs in the aging population, are present in our study. However, 
thee developmental trends in mixing costs were not found to approach statistically significant. 
Thee present results thus indicate that children are not detrimentally affected in set-updating. 
Inn an aging study using the task set described in this article (Span et al., 2001b), we did 
findfind significant age effects on mixing costs in older adults. This suggests that task-specific 
propertiess are unlikely to be responsible for the absence of mixing costs in the present study. 

Mixin gg Costs • In the current paper, mixing costs were defined as latency differences 
betweenn repetitions in pure blocks and mixed blocks. Mixing cost appear to be proportional 
betweenn age-groups. Although care has to be taken to account for null-findings, the effect 
sizee was negligible. Therefore we conclude that the absence of a significant interaction 
betweenn age-group and the mixing costs is not due to small sample size, resulting in lack of 
powerr of the tests. 

Ass mentioned, mixing cost can be viewed as reflecting the sub-optimal preparation of 
thee task set (or set-updating) in mixed blocks. The context of a mixed block results in 
uncertaintyy about the upcoming task. In the Cepeda et al. (2001) study, children were found 
too show littl e evidence of rapid decay of task-set activation, as they did not benefit from a 
prolongedd RCI. The conclusion of Cepeda et al. (2001) that preparatory processes become 
efficientt earlier in lif e than inhibitory processes, is corroborated by the results of the present 
study.. Using the cued task-switch paradigm in an aged population Kray et al. (in press) found 
thatt general switching cost, defined as latency differences between pure blocks and switch 
blocks,, were confined to switch trials. This suggests that age effects on mixing costs in 
theirr study were non-significant, in agreement with the present findings. In contrast to these 
findings,findings, Meiran and Gotler (2001) argue that mixing costs (again, in the aging population 
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andd using a cued switching paradigm) are about equal in size to shift costs (r|2 = .30 vs. 
il 22 = .36). 

Shiftt  Costs • Shift costs were defined as latency differences between alternations and 
repetitionss within mixed blocks. Shift costs differed between age groups, with the largest 
shiftt costs found in the youngest group. These results are in agreement with the Cepeda 
ett al. (2001) study. In their study switching costs are calculated by subtracting pure-block 
latenciess from mixed-block latencies. Using a set of two tasks (deciding whether the number 
11 or the number 3 was presented, or whether 1 or 3 numbers were presented on the computer 
screen),, they observed that switching cost displayed a U-shaped function across the life 
span.. Although they did not contrast young age-group performance to adult performance, 
theyy report an interaction between age-group and switching costs, with switching cost being 
largestt in young children (aged 7-9) and older adults (aged 60+). Mean response latencies 
andd standard errors for pure blocks and mixed blocks (repetitions and alternations) are 
comparablee to the means and standard errors in the present study. Cepeda et al conclude 
thatt inhibitory processes in set-shifting become efficient later in life compared to preparatory 
processes.. This conclusion is consistent with observations using other paradigms like the 
Stroopp task (e.g., Comalli Jr. et al., 1962) and the stopping task (e.g., Ridderinkhof et al., 
1999;; Williams etal., 1999). 

Too test the age-related effects on switching speed against effects on basic perceptual and 
motorr speed, the response times on a simple reaction task were entered as a covariate into 
thee analyses. Age effects on shift costs appear to be at least partly separable from age effects 
onn perceptual and motor speed: the interaction between age group and trial type remained 
significant.. This effect is consistent with previous findings using this task set in an aged 
population.. In Span et al. (2001b) we also found a dissociation between basic speed (in this 
casee measured by pure block performance) and set switching. 

Inn conclusion, shift costs appear to be influenced more by increasing age then are mixing 
costs.. The age-modulated gains in speed of switching is at least partially independent of 
basicc perceptual and motor speed development. These results seem to point to an inhibitory 
deficitt in children (e.g., Bjorklund and Kipp-Harnishfeger, 1990; Dempster, 1992,1993; van 
derr Molen, 2000) to provide an account for the slower response times found in the switching 
conditionn as compared to non-switching conditions. 
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