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PERSEVERATIVEE BEHAVIOR AND ADAPTIVE 
CONTROLL IN OLDER ADULTS: PERFORMANCE 

MONITOR^ ,, RULE INDUCTION, AND SET SHIFTING 

Olderr jKÏ j j^éike patients with dorsolateral frontal lobe lesions, have been shown to 
bee p>épi^3iii|i|yusceptible to errors of perseveration in the Wisconsin Card Sorting 
Testt (WCST^SiiS deficit may result from several types of endogenous adaptive 
controll abilittelil ftrst, to enable behavioral modifications in response to sudden 
changess in tasKJlJTiands, one has to consider and evaluate the possible alternative 
categorizationn rules and select one for further testing (rule induction). Second, to 
performm the rejpred shift appropriately, one should suppress the no-longer relevant 
tpskk set andffplace it by an appropriate new one (set shifting). Third, however, proper 
i ^ i ^ P o t ii of rule-induction and set-shifting abilities requires the ability to monitor 
andd interpret task cues and feedback signals appropriately to guide behavior and to 
recognizee the need to apply rule-shift operations (performance monitoring). 
Too explore the extent to which these different endogenous adaptive control abilities are 
differentiallyy sensitive to the effects of aging, young andd older adults were tested in two 
experimentss using WCST-like tasks. From the finding that older adults were not able 
too capitalize on explicit shift cues (either non-specific or specific) the inference can 
bee drawn that basic set-shifting abilities, rather than rule-induction or performance-
monitoringg abilities, were the primary factor responsible for the increased tendency to 
perseveree as adults grow into senescence. 

Duringg the later stages of adult life, cognitive flexibilit y deteriorates and older adults 
experiencee a progressive decrease in their ability to deal with change in their daily life. This 
inflexibilit yy pertains not only to habitual behavioral patterns, but also to acting adequately in 
responsee to rapidly changing demands, such as in busy traffic. Cognitive flexibility  requires 
thee operation of adaptive control abilities, that are central to executive functions. According 
too widely held views, the frontal lobes play an important role in executive functioning; in 
addition,, frontal brain structures are especially sensitive to the effects of age (cf. Raz, 2000; 
vann der Molen and Ridderinkhof, 1998b; West, 1996). It should be noted, however, that the 
frontall  lobes show substantial differentiation in age-related deterioration (cf. Band et al., 
inn press; Uylings and de Brabander, in press). Similarly, the recent literature on cognitive 
agingg reveals patterns of differentiation in the age-related decline in executive functions 
(e.g.,, Kramer et al., 1994; Mayr, 2001). Different facets of adaptive control abilities as 
involvedd in cognitive flexibility  may also be differentially susceptible to the effects of age. 
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Inn clinical and experimental neuropsychology, the Wisconsin Card Sorting Test (WCST; 
Grantt and Berg, 1948) has become one of the primary tools to examine cognitive flexibility 
andd adaptive control abilities. Older adults' WCST performance bears resemblance to 
performancee of frontal-lobe patients, in that they tend to persevere in old task sets when 
changingg task demands call for a shift to new task sets (for a review see, e.g., West, 1996). 
Inn the present study we set out to empirically decompose and explore the adaptive control 
abilitiess involved in perseverative behavior, and determine which of the constituent control 
functionss are deficient in older adults. 

3.11 Perseverativ e Behavio r 

Inn interacting with the environment, one is often required to shift rapidly from one task to 
another,, suppressing old action schemes and adopting new ones, reconfiguring task sets so 
ass to allow appropriate actions in response to environmental demands and changes therein. 
Specificc task sets are often activated directly by specific environmental stimuli, since strong 
associationss have been formed between such stimuli and action schemes (through, e.g., 
priorr experience, habitual tendencies, or prepotent relationships). According to Norman 
andd Shallice, 1986, appropriate action schemes are selected automatically through a com-
petitionn among the alternative associations. This process (which they termed "contention 
scheduling")) is sufficient to afford suitable performance unless the actions resulting from 
thee winning task set are in some way inappropriate. Natural response tendencies must often 
bee overridden to prevent undesirable behavior. In the view of Norman and Shallice (1986), 
inn that case a "supervisory attention system" (SAS) will intervene. The SAS deliberately 
modulatess the levels of activation of the action schemes involved, thus reconfiguring the task 
sett to meet the behavioral objectives as prompted by the changed environmental demands. 
AA similar distinction between task-set configuration processes has been drawn by Rogers 
andd Monsell, 1995, who used the term "exogenous control" to refer to those task set 
configurationn processes that are triggered more or less automatically by external events, and 
"endogenouss control" to refer to the executive task-coordination processes that are initiated 
att wil l and in advance of the up-coming stimulus. 

Failuress to exert endogenous control may under some circumstances lead to capture 
errors.. Examples of capture errors are everyday action slips, such as the person who picks 
upp his tooth brush and automatically starts brushing his teeth when his intention was in fact 
too pack his tooth brush for a conference trip. These perseverative action slips can occur when 
specificc stimuli and actions have come to be associated with a particular context (through, 
e.g.,, frequent practice); a stimulus then automatically activates the habitually associated 
actionn schema instead of the action actually intended. 

Strongg habitual associations of particular stimuli with particular task sets are not the 
onlyy conditions under which perseverative errors can be observed. Even recently formed 
arbitraryy associations may yield a task set strong enough to yield perseverative behavior 
whenn a shift to alternative arbitrary associations is required. In the well-known WCST, once 
subjectss have classified cards according to one stimulus dimension (e.g., color) for a while, 
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theyy may experience some difficulty in shifting to another sorting principle (e.g., classifying 
thee same cards according to shape). In an extreme example using an appropriately adjusted 
versionn of the WCST, Zelazo et al., 1996 reported that many three-year-old (as opposed to 
four-year-old)) children persevere in sorting cards according to color, even when an explicit 
verball  instruction told the children to now sort cards according to shape, and even when 
priorr to the shift only one single card had been sorted according to color (or vice versa). 

Thesee examples illustrate that when circumstances require a shift of tasks and, therefore, 
aa re-configuration of task set, failures to exert endogenous control can yield perseverative 
errorss in at least two ways. One condition under which perseverative behavior can occur 
iss when strong habitual associations exogenously trigger inappropriate action schemes. 
Anotherr such condition may occur when exogenous control is less apparent, for instance 
whenn the stimuli are mapped arbitrarily onto action schemes, so that the stimulus (or the 
contextt in which it appears) does not inherently activate some action schema. In such a 
situation,, the action schema that happened to be activated prior to the shift-signal wil l remain 
activee after the shift-signal because of a failure to reconfigure the task set endogenously. 

3.1.11 Perseverativ e Behavio r in Fronta l Patient s 

Inn a study using the WCST, Milner, 1963 observed that patients with dorsolateral frontal 
lobee lesions experienced more difficulties in shifting from one categorization rule to another 
comparedd to patients with orbitofrontal or more posterior lesions. These impairments were 
attributedd to an increased susceptibility to the perseverative interference of responses made 
accordingg to the previously correct rule. Since Milner (1963)'s seminal paper, many reports 
havee confirmed the specific sensitivity of perseverative behaviors to deficient functioning of 
frontall  cortex (e.g., Barceló et al., 1997; Barceló and Santome-Calleja, 2000; Drewe, 1974; 
Stusss and Benson, 1984). Such reports have received support from recent neuro-imaging 
studies,, suggesting the activation of prefrontal structures in successful WCST performance 
(e.g.,, Barceló, 1999; Berman et al., 1995; Konishi et al., 1999, 1998; Omori et al., 1999; 
Raglandd et al., 1997; Tien et al., 1998). For instance, a recent event-related fMRI study 
showedd that a dimensional shift in the WCST elicited activation of the posterior part of the 
inferiorr prefrontal sulcii that occurred time-locked to the dimensional shift (Konishi et al., 
1999). . 

Consideringg that WCSTT performance involves many different aspects of executive func-
tioningg (e.g., performance monitoring, integration of feedback, rule-induction, set-shifting, 
andd suppression of previous sorting rules), this task is likely to engage activity of other 
corticall  circuits as well. The network of brain areas involved in WCST performance includes 
nott only prefrontal cortex, but also the hippocampus and posterior association cortex (e.g., 
Andersonn et al., 1991; Corcoran and Upton, 1993; Lombardi et al., 1999; Nagahama 
ett al., 1997, 1996; Tien et al., 1998). Nonetheless, there appears to be general consensus 
bothh in clinical practice, in experimental neuropsychology, and in cognitive neuro-imaging 
studiess that prefrontal-cortex dysfunction is the main factor underlying deficient WCST 
performance,, and, conversely, that perseverative behavior is a reflection largely of inefficient 
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prefrontall  activity (for a review see Barceló et al., 1997). 

3.1.22 Perseverativ e Behavio r in Older Adult s 

Comparedd to young adults, older adults display more perseverative behavior in the WCST 
(e.g.,, Arbuckle and Gold, 1993; Dywan et al., 1992; Fristoe et al., 1997; Kramer et al., 1994; 
Lorangerr and Misiak, 1960; Raz, 2000; Salthouse et al., 1996). Indeed, the age-related 
deficitss observed in these tasks resemble closely the corresponding deficits seen in frontal 
patients.. Evidence has been amassed for the decline of frontal function as adults grow 
olderr (for reviews see Raz, 2000; van der Molen and Ridderinkhof, 1998b). The greater 
vulnerabilityy of the frontal lobes compared to other brain regions has been highlighted in 
thee recent neuro-imaging literature, including PET studies (e.g., Loessner et al, 1995), MRI 
studiess (e.g., Coffey et al., 1992), and ERP studies (e.g., Dustman et al., 1996; Fabiani 
andd Friedman, 1995; Friedman and Simpson, 1994). It should be noted, however, that the 
frontal-lobee hypothesis of cognitive aging (e.g., Dempster, 1992) is no longer held to apply 
ass generally as believed originally (see Band et al., in press; Uylings and de Brabander, in 
press).. Nonetheless, many authors have attributed the increase in perseverative behavior 
inn senescence to deterioration in frontal-lobe functioning (e.g., Duncan et al., 1996; Kramer 
ett al., 1994; Span et al., 2001a), a notion receiving further support from recent neuro-imaging 
workk (Esposito et al., 1999; Nagahama et al., 1997). 

3.22 Factor s Underlyin g Perseverativ e Behavio r 

Taskss like the WCST are quite complex and efficiënt performance in such tasks involves 
manyy different cognitive operations. One approach to establish in greater detail why older 
adultss and frontal patients experience difficulties in endogenous adaptive control in these 
tasks,, is decomposition into component processes. In principle, three distinct classes of 
endogenouss adaptive control abilities may be involved in perseveration in previously correct 
categorizationn rules after a sudden and unannounced change in the sorting rule in tasks 
likee the WCST. First, in order to enable behavioral adjustments to sudden changes in task 
demands,, one has to generate hypotheses concerning the new rule (i.e.,, consider and evaluate 
thee possible alternative categorization rules and select one for further testing). This rule-
inductioninduction component plays an important role in other well-known problem-solving tasks 
ass well (e.g., The Tower of Hanoi, Tower of London, and Raven's Progressive Matrices). 
Frontall  patients typically experience difficulties in such problem-solving tasks, and older 
adultss are also often reported to perform worse than young adults in these tasks (for a review 
seee Pennington, 1994). A recent PET study suggested, however, that age-related changes in 
WCSTT performance involved dorsolateral prefrontal cortex, whereas age changes in Raven's 
Progressivee Matrices involved other (non-frontal) areas, thus suggesting (at least partially) 
differentt mechanisms of rule induction (Esposito et al., 1999). In a recent fMRI study, rule 
inductionn was observed to involve dorsolateral prefrontal activation (Osmon et al., 1996). 

Second,, to perform the required shift appropriately, one should reconfigure the task set to 



3.2.. Factors Underlying Perseverative Behavior -59--

testt the hypotheses concerning the new rule. Set shifting abilitities include the suppression of 
no-longerr relevant task sets and the implementation of the appropriate new task set. Latent-
variablee analysis indicates that this set-shifting component is central to WCST performance 
(Miyakee et al., 2000). Set shifting is also central to performance in the task-shifting 
paradigm,, in which performance is typically observed to be slowed considerably when the 
currentt task is different from the one performed just before compared to when the current 
taskk is similar to the immediately preceding one (see, e.g., Monsell, 1996). Frontal patients 
havee been observed to perform less efficient on task-shifting tasks (e.g., Mecklinger et al., 
1999).. Likewise, older adults typically experience greater shift costs than young adults (e.g., 
Kramerr et al., 1999; Kray et al, in press). 

Nagahamaa et al. (1997) used the WCST in a PET study and observed that, compared 
too a task that featured the same stimuli but that did not involve rule-induction and set-
shiftingg abilities, WCST performance yielded the most significant activation in dorsolateral 
prefrontall  cortex (although other structures were activated as well). Importantly, in older 
adultss (persevering more frequently than young adults) activation in the prefrontal areas was 
reduced,, suggesting a relation between reduced rule-induction and set-shifting capabilities 
andd reduced prefrontal activation in aging. A further PET study indicated that the dorsolat-
erall  prefrontal activation occurred during set shifting even when rule-induction requirements 
weree lifted (Nagahama et al., 1998). 

Third,, however, a prerequisite for the proper application of rule-induction and set-
shiftingg abilities is the ability to monitor one's performance adequately. That is, behavior 
mustt be fine-tuned to current task goals and adapted in response to changing task demands. 
Too that end, task cues and feedback signals are to be interpreted appropriately to guide 
behaviorr and to recognize the need to apply rule-shift operations. A recent fMRI study 
suggestedd the involvement of prefrontal cortex in this performance-monitoring component 
off  WCST performance (Konishi et al., 1999). Involvement of orbito-frontal cortex in altering 
taskk strategies in response to feedback is also suggested by a lesion study by Oscar-Berman 
etal.,, 1991. 

Inn accordance with the distinction outlined above, frontal-lobe patients may persevere 
inn previously correct sorting rules more often than controls for at least three different 
reasons:: they may have difficulties in the ability to conjecture viable hypotheses and induce 
appropriatee rules, they may suffer from a deficit in basic set-shifting abilities, or their 
performance-monitoringg abilities may be disrupted. Likewise, older adults may be more 
susceptiblee to perseveration errors than young adults because they may have difficulties in 
rulee induction, in applying basic set-shifting operations, or in monitoring their performance 
inn face of changing task objectives. 
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3.2.11 Performanc e Monitorin g in Fronta l Patients ' Perseverativ e Behavio r 

Duncann et al., 1996 had frontal-lobe patients and posterior-lesioned patients as well as 
matchedd normal controls perform in a letter-monitoring task (LMT) that, although quite 
differentt from the WCST, allowed to examine perseverative behavior. In this task, subjects 
saww two streams of alphanumerical characters, one on each side of a computer screen. 
Characterss succeeded each other rapidly, and the subject's task was to detect the presence 
off  a letter character in the stream on one side of the screen. From time to time, a control 
characterr appeared indicating the side at which the remaining letters were to be detected. The 
controll  character could thus designate either a shift of attention to the stream of stimuli on the 
oppositee side, or a non-shift. In case of a shift, subjects should disengage their attention from 
onee position in space and re-direct it to the alternative position, and then continue to perform 
thee same task; the shift does not require the subject to generate hypotheses concerning the 
neww rule, nor to reconfigure the task set. 

Comparedd to their posterior patients and controls, Duncan et al.'s frontal patients failed 
moree frequently to perform a shift. That is, they appeared to ignore the control character 
moree often and continued to perform the letter-detection task on the pre-shift stream of 
characters.. When asked (after the fact), they reported to have seen the control stimuli 
andd to be aware in general of the need to shift sides in response to the presentation of 
controll  stimuli. Yet, in concrete instances they were often unable to recognize in the 
controll  character a signal to make the shift and, as a consequence, they frequently failed to 
applyy rule-shift operations. Interestingly, the occurrence of such failures was substantially 
reducedd or even eliminated after verbal prompting, that is, after repeated questioning about 
thee presence and meaning of the control characters. Since these patients were able to 
performm more adequately after verbal prompting, Duncan and colleagues argued that the 
perseverativee behavior in frontal-lobe patients in the LMT should be attributed to a deficit 
inn performance monitoring, a deficit they termed 'goal neglect'. Goal neglect refers to the 
findingfinding that subjects are aware of specific task goals, yet fail to activate these task goals 
whenn circumstances call for it. In the LMT, the relevant goal was to interpret a task cue and 
recognizee that it signals a shift; this goal was disregarded even though it had been understood 
andd remembered. 

Itt is conceivable that frontal patients in the LMT did not persevere in old behavior after 
verball  prompting because the rule-induction and set-shifting requirements were relatively 
undemanding.. Nelson (1976) reported a study using a modified WCST in which an 
importantt aspect of performance monitoring was brought under control, but in which rule 
inductionn and set-shifting requirements were left intact (unlike the Duncan et al. study). 
Wheneverr a sorting rule was changed, she told her (frontal, non-frontal, and extra-cerebral 
lesion)) patients "the rules have now changed, I want you to find another rule" (p.316). 
Hereafterr we shall refer to this version of the task as the 'cued WCST'. Through this cueing 
procedure,, the patients were confronted verbally and explicitly with the need to apply rule-
shiftt operations. Even though the explicit cues helped the patients to recognize that the 
previouss categorization rule was no longer correct and that a new rule was to be induced 
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andd applied (as inferred from exit interviews), the frontal patients persevered much longer 
thann the other patient groups in no-longer correct categorization rules. Nelson mentioned 
alsoo (without further detail) that a pilot study had pointed out that the tendency to persevere 
inn frontal patients was not affected by the explicit rule-change instructions (this suggestion 
receivedd support from a recent comparison between the cued and regular WCST; Van Gorp 
ett al., 1997). She compared her findings with the occasional observation of dissociations 
inn frontal-lobe patients who can verbally demonstrate their full understanding of what 
theyy ought to be doing in the sorting test, but who nevertheless continue to persevere 
withh an incorrect categorization response, often much to their own frustration. Thus, the 
perseverativee behavior in frontal-lobe patients in the cued WCST appears to be due not to 
performance-monitoringg deficits. 

Inn accordance with the PET findings discussed above by Nagahama et al, 1997, this 
findingg suggests that perseveration results either from deficient rule induction (i.e., forming 
hypothesess concerning the new rule) or from deficiënt set-shifting abilities (i.e., the config-
urationn of appropriate task sets to test these hypotheses, and the suppression of no-longer 
relevantt task sets), or both. 

3.2.22 Performanc e Monitorin g in Older Adults ' Perseverativ e Behavio r 

Duncann et al. (1996) administered the LMT to young and older adults and observed that 
olderr adults persevered more frequently in monitoring one stream of characters when a shift 
too the other stream had been designated by a control character. As in frontal patients, the 
occurrencee of such failures was reduced or eliminated after verbal prompting, suggesting a 
performance-monitoringg deficit (i.e., goal neglect) in older adults. 

Inn terms of performance monitoring requirements, both Nelson's cued WCST and the 
LMTT provide the subject with an explicit task cue that indicates the need to shift (a verbal 
instructionn in the cued WCST, an abstract symbol in the LMT), yet in both tasks the explicit 
cuee fails to trigger a shift. In the LMT, however, verbal prompting served to eliminate 
perseverativee errors in frontal patients; in the cued WCST, the task cue resembled verbal 
prompting,, but this cueing did not affect the perseverative behavior displayed by frontal 
patientss relative to controls. In the cued WCST, subjects should generate hypotheses 
concerningg the new rule, reconfigure the task set correspondingly, and resist interference 
fromm the preceding task set. In the LMT subjects need neither to generate hypotheses 
concerningg the new rule, nor to reconfigure the task set; instead they should disengage their 
attentionn from one position in space and re-direct it to the alternative position, and then 
continuee to perform the same task. Thus, it is conceivable that older adults in the LMT 
(afterr verbal prompting) did not persevere in old behavior because the rule-induction and 
set-shiftingg requirements were relatively undemanding. 

Thee main thrust of the present study was to identify which of the endogenous adaptive 
controll  abilities involved in perseverative errors in WCST-like tasks are sensitive to the 
effectss of aging. In face of the evidence that 1) the integrity of frontal cortex function is 
compromisedd during senescence, and 2) the perseverative behavior in frontal-lobe patients 
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inn the cued WCST appears to be due not to performance-monitoring deficits but to rule-
inductionn or set-shifting deficits, a straightforward prediction would be that in older adults, 
ass in frontal patients, perseveration in previously correct categorization rules does not result 
fromm declines in the ability to monitor performance against the backdrop of changing task 
demands. . 

Thee purpose of Experiment 1 was to verify this hypothesis, that is, to establish that older 
adults'' performance will not benefit from the presentation of explicit cues that tell them to 
shiftt to another sorting rule. Alternatively, if explicit cueing were to facilitate older adults 
performancee such that they persevered less frequently in previously correct categorization 
rules,, then it could be concluded that age-related differences in adaptive control processes 
aree accounted for by deficits in performance monitoring rather than in rule-induction or set-
shiftingg abilities. To examine these alternative predictions, young and older adults were 
administeredd cued and non-cued versions of a dimensional shift task bearing resemblance to 
thee WCST. 

3.33 Experimen t 1 

3.3.11 Method 

Subjectss  A total of 40 subjects participated in the experiment. Sixteen young adults 
(meann age = 24.4) were first-year psychology students from the University of Amsterdam 
andd received course credits in return for their participation. Twenty-four older adults, 
rangingg in age from 62 to 81 (mean age = 68.1), were recruited from the local community 
throughh newspaper advertisements. They were non-paid volunteers, but they received a 
smalll  gift in return for their participation. All were tested individually in a quiet university 
chamber.. All subjects were screened (through self-report) for use of alertness-changing 
medication,, psychiatric or neurological disorders, subjective health-experience, and normal 
vision.. Informed consent was obtained from all participants. 

Stimulii  and Apparatus  ] The subjects were seated in front of a computer monitor 
att a viewing distance of 95 cm. Stimulus presentation and response registration were 
controlledd by an Apple Macintosh LC475 computer. The stimulus configuration consisted 
off  a permanently visible "apartment building" with 16 windows (in a four by four grid). The 
criticall  stimuli were faces ("of the persons living in that apartment"), each measuring 1.5 ° 
off  visual angle, that could appear (one at a time) in any one of the windows. There were 
eightt different faces, varying along three binary dimensions (male/female, laugh/solemn, 
glasses/noo glasses; see Figure 2.1). All stimulus elements were black line drawings 
presentedd against a white background. Feedback stimuli were the words "GOED" and 
"FOUT""  (the Dutch words for correct and incorrect), presented in the center of the four 
byy four grid in green and red, respectively (in the Geneva 12 standard computer font). A cue 

11 The format of this task was developed in a separate study (Span et al., 2001). This life-span developmental 
studyy featured many different reaction-time tasks that all shared a highly similar task format to reduce non-
developmentall  sources of performance variance across tasks. 
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stimuluss consisted of the statement "WE ZIJN VERHUISD" ("we have moved"), presented 
inn red (Geneva 12) directly above the four by four grid. 

3.3.22 Desig n and Procedur e 

Onn each individual trial, one face (selected randomly but equiprobable) appeared in one of 
thee windows (selected randomly but equiprobable). The face designated a response with 
onee of two response keys (the z and/ keys of the computer keyboard, that were labeled with 
greenn and red colors), which were operated by the left and right index fingers, respectively. 
Thee subject's task was to sort the stimuli using one of the three stimulus-dimensions. For 
instance,, male and female faces could require a red- and green-button response, respectively; 
laughing/solemnn faces could require red/green responses, and so on. The instruction was 
"Respondd as quickly as possible, but be sure not to make many errors". 

Thee critical sorting dimension was initially unknown to the subject, and could be altered 
afterwards.. After each response, feedback stimuli informed the subject about the correctness 
off  the sort. These feedback stimuli were to be used to detect a change of sorting principle 
andd to infer the correct rule. The initial sorting rule was selected randomly. When the subject 
hadd correctly applied the relevant sorting rule in eight out of the last ten trials, the sorting 
rulee was shifted to another. The new sorting rule was selected randomly. In one condition 
(thee cued dimensional shift task) a shift of sorting rule was announced by the cue stimulus; 
inn another condition (the non-cued dimensional shift task) rule shifts were not accompanied 
byy cue stimuli, that is, the subject learned of the change from the feedback only. 

Too familiarize the subjects with the stimuli and procedure, they received one block of 
1600 practice trials, in which they were asked to issue a left- or right-hand button-press (with 
thee green and red buttons) in response to the spatial position of the stimulus (left or right of 
thee vertical meridian of the grid). Next, it was explained to the subjects that this left/right 
sortingg rule was not to be used in the remainder of the experiment. They were told to apply 
thee male/female, laugh/solemn, or glasses/no-glasses sorting rules, and in addition they were 
too use the trial-by-trial feedback to infer which sorting rule was relevant. They were also told 
thatt the relevant sorting rule could change from time to time, and that in that case they had 
too use the trial-by-trial feedback to infer a new sorting rule. Subjects who started with the 
cuedd dimensional shift task were instructed that shifts of sorting rule were announced by the 
"wee have moved" cue, and that whenever they saw that announcement they were to abandon 
thee current sorting rule and look for the new one. Subjects who started with the non-cued 
dimensionall  shift task were not given this additional instruction. Care was taken to ensure 
thatt all subjects understood the instructions and were able to perform the task. The task 
consistedd of 160 trials (with a maximum of 15 shifts), lasting 15 to 20 minutes (depending 
onn the subject's speed). After a 10-minutes break, those subjects (half of the subjects in 
eachh age group) that had started with the cued task now were explained and administered 
thee non-cued task, and vice versa. 
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Figuree 3.1: Perseveration scores in Experiment 1 for young and older adults. 

3.3.33 Result s and Discussio n 

Perseverationn scores were computed as the total number of perseverative responses divided 
byy the number of sorting-rule shifts. Higher perseveration scores thus imply fewer quadrant 
shifts.. These perseveration scores were submitted to analysis of variance with the between-
subjectss factor Age Group (young, old) and the within-subjects factor Cue Type (cued, non-
cued). . 

Consistentt with other findings from our laboratory using this task (Span et al., 2001), 
perseverationn scores increased with age, from 2.96 in young adults to 11.4 in older adults 
(F(l,38)) = 14.4,p < .001). The age trends in perseveration scores in the non-cued task 
weree qualitatively similar to the normative data described by Heaton et al. (1993) for the 
originall  WCST. 

Althoughh Cue Type appeared to influence perseveration scores in the expected direction 
(7.22 in the cued condition, 8.8 in the non-cued condition), this effect failed to attain statistical 
significancee (F(l,38) = 1.245,/? = .272). Importantly, the Age Group effect was not 
modulatedd by Cue Type (F(l,38) = .002,p = .963; see Figure 3.1). 
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Thus,, the age-related increase in perseverative errors is not attenuated by the presentation 
off  shift cues. Even though they were confronted explicitly with the fact that the previous 
categorizationn rule was no longer correct and that a new rule was to be induced and applied, 
olderr adults' perseverative behavior did not improve significantly. Thus, their perseverative 
behaviorr in the cued dimensional shift task appears to be due not to performance-monitoring 
deficits.. The fact that older adults persevere more often than young adults even in the face 
off  explicit shift cues suggests that the age-related increase in perseveration results from 
deficientt rule induction or deficient set-shifting abilities (or both). A second experiment was 
performedd to replicate this finding in a different task and to discriminate between the two 
remainingg sources of age-related differences in adaptive behavior. 

3.44 Experimen t 2 

Rulee Induction in Older  Adults' Perseverative Behavior  We have argued that if the 
increasee in perseverative behavior observed in older compared to young adults does not 
resultt from a deficit in performance-monitoring abilities, then it must result either from a 
deficitt in the ability to generate suitable hypotheses concerning the new sorting rule, or from 
aa deficit in the ability to reconfigure the task set in such a way that these hypotheses can be 
testedd and the new sorting rule can be discovered and applied. To assess the role of these 
respectivee factors we adopted an experimental strategy similar to that used in Experiment 1, 
thatt is, we attempted to eliminate the need to employ one of the constituent abilities and then 
examinedd whether the problems in adaptive control experienced by older adults would be 
alleviated.. In Experiment 2, a WCST-like task was administered to young and older adults 
inn three versions: one version without explicit shift cues, one version with explicit but non-
specificc shift cues (like in Experiment 1), and one version with explicit and specific shift cues 
thatt not only tell the subjects to shift, but also informs them exactly where to shift to. The 
latterr type of shift cue eliminates the need to infer the new categorization rule, since the new 
rulee is given explicitly in the cue. Presenting this type of specific shift cue has been shown 
too reduce the prefrontal activation elicited by the dimensional shift in the WCST (Konishi et 
al.,, 1999). 

Ass in Experiment 1, if non-specific cueing serves to reduce or eliminate the age-related 
increasee in perseveration, then the cause of age-related increase in perseverative behavior 
residess primarily in performance monitoring; if not, then these age effects pertain to rule-
inductionn or set-shifting abilities. The latter case would comprise a replication of the results 
off  Experiment 1. Continuing the same subtraction logic, if specific cueing would then serve 
too remove the age-related increase in perseveration, then the age-related deficit primarily 
involvess rule induction (since the specific cues eliminate the need to generate hypotheses); 
iff  not, then the age-related deficit pertains to basic set-shifting capabilities. 

Thee logically possible outcomes of the experiment include a null interaction effect (i.e., 
cueingg may not serve to eliminate age-related deficiencies in perseverative behavior). The 
obviouss danger of accepting null hypotheses is that factors other than the 'true absence of 
effects'' may contribute to the null finding, thus reducing discriminative power and obscuring 
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Figuree 3.2: Train schedule board used as stimulus display in Experiment 2: the platform task. The 
fourfour central quadrants each contain aplatform letter; the subject's task is to replace the 
"?""?"  in the central circle by the letter displayed in the appropriate quadrant. In this 
example,example, a specific cue (in the panel on the left) signals that the subject should now shift 
toto quadrant 4 for the appropriate platform information 

thee effect of interest. In Experiment 2, to facilitate the chances of finding that age differences 
inn perseveration depend on cue type, a secondary working-memory task was added to the 
primaryy dimensional-shift task, since it has been demonstrated that perseverative behavior 
iss more pronounced when working memory is taxed by external loads (cf. Lehto, 1996). 

3.4.11 Metho d 

Subjectss  A total of 54 subjects participated in the experiment. Thirty young adults 
(meann age = 22.1) were first-year psychology students from the University of Amsterdam 
andd received course credits in return for their participation. Twenty-four older adults, rang-
ingg in age from 65 to 83 (mean age = 70.9), were recruited from the local community through 
newspaperr ads. They were non-paid volunteers, but they received a small gift in return for 
theirr participation. Al l were tested individually in a quiet university chamber. Al l subjects 
weree screened (through self report) for use of alertness-changing medication, psychiatric or 
neurologicall  disorders, subjective health-experience, and normal vision. Informed consent 
wass obtained from all participants. 

Stimulii  and Apparatus  The subjects were seated in front of a computer monitor at a 
viewingg distance of 50 cm. Stimulus presentation and response registration were controlled 
byy an Apple Plus computer. The stimulus configuration consisted of a permanently visible 
"railwayy station schedule board" (see Figure 3.2). The schedule board contained information 
concerningg the arrival time and arrival platform of "the next train to Zwolle". Tasks and 
procedurall  details are described in the next sections. For a more detailed description of 
stimuluss characteristics the reader is referred to the Stimulus Details section below. 
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Taskss  The job of the participant was to read out the schedule board, decide on the arrival 
platformm and arrival time of the next train to Zwolle, and to display that information correctly 
onn the schedule board. Each individual trial consisted of two consecutive parts. The first 
part,, the arrival-platform aspect, represented the primary dimensional-shift task. This task 
wass used to manipulate the conditions thought to play a role in perseverative behavior (using 
specificc shift cues, non-specific shift cues, or no shift cues at all). The second part, the 
arrival-timee aspect, reflected the secondary working-memory task. 

Thee primar y dimensional-shift task: arrival platforms  The correct arrival platform was 
presentedd systematically in one of four quadrants of the schedule board (see Figure 3.2); the 
participantt was to discover which quadrant contained the correct platform information (the 
targettarget quadrant). In the first part of each trial, four platform letters (A, B, C, and D) were 
presentedd simultaneously, one in each quadrant (assigned randomly but equiprobable). The 
correctt platform information was presented systematically in the target quadrant, but the 
subjectt was not told which quadrant was the target one—the subject was to find out through 
thee feedback that was presented after each trial. The subject selected the target quadrant and 
respondedd by entering the platform letter contained in the selected quadrant. The correctness 
off  this response was indicated immediately by a positive or negative feedback symbol. If 
thee choice were correct, then the subject was to continue selecting the same quadrant on the 
nextt trials; if the choice were incorrect, then the subject should on subsequent trials try other 
quadrantss until positive feedback confirmed the selection of the proper quadrant. 

Thee critical target quadrant, that was selected randomly, was initially unknown to the 
subject.. The feedback stimuli were to be used to infer which quadrant was the target. When 
thee subject had correctly selected the platform letter from the target quadrant in eight out of 
thee last ten trials, the target quadrant was shifted to a (randomly selected) other quadrant. 
Thee feedback stimuli were to be used to detect a change of target quadrant and to infer which 
quadrantt was the new target. 

Inn one condition (the specific-cue condition) a shift of target quadrant was announced 
byy a cue stimulus, which mentioned the new target quadrant (see Figure 3.2). In another 
conditionn (the non-specific cue condition) the cue stimulus would contain the message 
"ANOTHERR BOARD" without mentioning the identity of the new target quadrant. In a 
thirdd condition (the no-cue condition) shifts in target quadrant were not accompanied by any 
cuee stimuli. 

Thee secondary working-memory task: arrival time  The correct arrival time was to 
bee calculated by the subject through simple clock-arithmetic. In the second part of each 
trial,, the four quadrants and the central circle were emptied, and instead the schedule board 
displayedd arrival time information (see Figure 3.3). In one field, the message "THE NEXT 
TRAINN WILL ARRIVE IN xxx MINUTES" was displayed (with xxx drawn randomly from 
thee set 0, 10, 20, 30,40, and 50). In another field, the message "ARRIVAL TIME: ??? 
MINUTES"" was displayed. On the first trial, the subject was to enter the value of xxx. On 
subsequentt trials, the subject was to remember the arrival time of the previous trial, and to 
calculatee the new arrival time by adding the value of xxx to this previous arrival time. For 
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Figuree 3.3: Train schedule board used as stimulus display in Experiment 2: the arrival-time task. 
TheThe panel on the upper right indicates the number of minutes to wait before the next train 
willwill  arrive. The subject was to remember the arrival time of the previous trial, and to 
calculatecalculate the new arrival time by adding the time to wait to this previous arrival time. 
ForFor instance, if the previous train had arrived at 30 minutes past the hour, and the next 
traintrain was to arrive in 40 minutes, then the subject was to replace the "???" [n the lower 
rightright panel by "10 ", since the arrival time of the next train would be 10 minutes past the 
hour. hour. 

instance,, if the previous train had arrived at 30 minutes past the hour, and if the next train 
wass to arrive in 40 minutes, then the arrival time of the next train would be 10 minutes past 
thee hour. We displayed only minutes, not hours, since initial pilot work had indicated that the 
requirementt to remember both hour and minute produced poor performance in the memory 
(arrivall  time) task even in young adults. 

Thus,, on each trial, the subject had to keep arrival-time information active in working 
memoryy during the arrival-platform task (or, conversely, had to perform the arrival-platform 
taskk during the retention interval between trials of the arrival-time task). The instructions to 
thee subjects emphasized that they were to always remember the arrival times and not let the 
intermittentt platform task interfere with memory for arrival time. This instruction certified 
thatt working memory was taxed by the arrival-time task to the same extent in all subjects. 
Thee instruction for the arrival-platform part of the task was "Respond as quickly as possible, 
butt be sure not to make many errors". 

3.4.22 Desig n and Procedur e 

Too familiarize the subjects with the stimuli and procedure, they received three blocks of 
166 practice trials: the first block contained only the arrival-time task, the second only the 
arrival-platformm task, and the third combined the two tasks (during practice blocks, the first 
quadrantt was the target quadrant for the arrival-platform task, and no shift of target quadrant 
wass applied). Next, it was explained to the subjects that in addition to performing the two 
tasks,, they were to use the trial-by-trial feedback to infer which quadrant was the target 
quadrantt for the arrival-platform task. They were also told that the target quadrant could 
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changee from time to time, and that in that case they were to use the trial-by-trial feedback 
too infer a new target quadrant. Subjects that started with the specific-cue condition were 
instructedd that shifts of target quadrant were announced by the "BOARD X" cue, and that 
wheneverr they saw that announcement they were to abandon the target quadrant rule and 
shiftt to the quadrant indicated by the cue. Subjects that started with the non-specific cue 
conditionn were instructed that shifts of target quadrant were announced by the "ANOTHER 
BOARD"" cue, and that whenever they saw this announcement they were to abandon the 
currentt target quadrant and look for the new one. Subjects that started with the non-cued 
conditionn were not given additional instructions. Care was taken to ensure that all subjects 
understoodd the instructions and were able to perform the task. Each condition consisted 
off  a block of 40 trials (with a maximum of four quadrant shifts), lasting 12 to 20 minutes 
(dependingg on the subject's speed). Blocks were separated by 5-minutes breaks. The order 
off  the three conditions was counterbalanced within each age group. 

Stimuluss Details  The schedule board (see Figure 3.2 for a schematic illustration) con-
sistedd of white fields (in black contours) against a gray background (20.0 cm horizontally by 
10.00 cm vertically). In the center of the board there was a circular field measuring 1.0 cm 
inn diameter. Symbols that appeared insides the circular fields were printed in the standard 
Genevaa 16 computer font; all other texts and numbers were printed in Geneva 12. Four 
squaree fields (2.5 by 2.5 cm each) surrounded the central circle, forming the four quadrants 
off  a larger square, all separated 1.0 cm from each other. The four quadrants were numbered 
11 through 4, clockwise (these numbers were printed in black in the outer corner of each 
quadrant).. In the right part of the schedule board, two rectangular fields (2.5 cm x 3.5 cm 
horizontallyy and vertically, respectively) were separated 1.0 cm from each other and 2.0 
cmm from the central squares. The central circle, the four numbered squares, and the two 
rectangless were permanently visible. 

Furtherr stimulus details are illustrated in Figures 3.2 and 3.3. Circular contours (1.0 
cmm in diameter) could appear simultaneously in each of the four quadrants in the center 
off  each square. Each circle featured one of the letters A, B, C, and D, such that each of 
thee four letters would appear in one and only one of the four circles. Inside the circle in 
thee screen center, one of several stimuli could appear: a question-mark; the letter A, B, C, 
D,, or X; or a simple smiling face (similar in dimension to the letter X). Inside the upper-
rightt rectangle, the Dutch equivalent of the message "THE NEXT TRAIN WILL ARRIVE 
INN xxx MINUTES" could appear, where xxx was either "0", "10", "20", "30", "40", or 
"50".. Inside the lower-right rectangle, the Dutch equivalent of the message "ARRIVAL 
TIME:: xxx MINUTES", where xxx could have the same values as above or could be "???". 
Finally,, a rectangular field (2.0 cm vertically and 2.5 cm horizontally) could appear in the 
leftt part of the schedule board, horizontally separated from the central squares by 2.0 cm 
andd vertically centered in the display. This field could contain the Dutch equivalent of the 
messagee "ANOTHER BOARD", "BOARD 1", "BOARD 2", "BOARD 3", or "BOARD 4". 

Subjectss used keyboard buttons to indicate their response. The "/"-key was labeled as 
[+],, the 'V'-key was labeled as [-], and the "z"-key was labeled as [OK]. In one task, the 
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firstfirst button-press with either the [+] or [-] button served to turn the "?" in the central circle 
intoo the letter "A" ; subsequent button-presses served to scroll up ([+]) and down ([-]) the list 
off  available letters (A, B, C, or D). Repeated or continuous button depressing could be used 
forr faster scrolling. Once the desired letter was selected, this choice was to be confirmed 
byy pressing the [OK] button. The letter in the central circle was then replaced by either the 
smilingg face or the letter "X" , representing positive and negative feedback, respectively. 

Inn the second task, the first button-press with either [+] or [-] served to turn the "???" 
inn the lower-right rectangle into the number "0"; subsequent button-presses served to scroll 
upp and down the list of available numbers (0, 10, 20, 30, 40, or 50). Once the desired 
numberr was selected, this choice was to be confirmed by pressing [OK]. If the correct 
numberr was entered in this way, the lower-right rectangle would be emptied; if not, the 
displayy would remain unaltered until the correct number was entered through the procedure 
describedd above. 

3.4.33 Result s and Discussio n 

Perseverationn scores were computed as the ratio of the total number of perseverative 
responsess divided by the total number of trials in which perseverative responses could have 
occurred,, expressed in percents. Higher perseveration scores imply fewer quadrant shifts. 
Thesee perseveration scores were submitted to analysis of variance with the between-subjects 
factorr Age Group (young, old) and the within-subjects factor Cue Type (no cue, non-specific 
cue,, specific cue). Consistent with the instructions, few errors were made on the arrival-time 
memoryy task; these data were not analyzed further. 

Perseverationn scores increased with age from .35% in young adults to 3.55% in older 
adultss (F(2,51) = 10.49.p < .001). Although Cue Type appeared to influence perseveration 
scoress in the expected direction (2.11% in the no-cue condition, 1.86% in the non-specific-
cuee condition, and 1.36% in the specific-cue condition), this effect failed to attain statistical 
significancee (F(2,102) = 1.74). The Age Group effect was not modulated by Cue Type 
(F(4,102)) = 1.46; see Figure 3.4). Older adults persevered more often than young adults 
evenn when specific shift cues were presented. 

Thesee results replicate and extend those reported in Experiment 1. Before interpreting 
thesee results, however, let us first inspect the data more closely. Consistent with the 
widelyy reported observation that performance variability is much greater among older adults 
comparedd to young adults (cf. West et al., in press), some of the older adults in our sample 
displayedd pronounced perseverative behavior, whereas others (like most young adults) never 
perseveredd at all. Thus, if explicit cues were to affect perseverative behavior, this effect could 
onlyy be seen in the data from subjects that experience a substantial amount of perseverative 
errors.. To establish whether relatively severe perseverators were able to benefit from explicit 
cues,, a second analysis included only the 16 worst performers in the older adults group. 
Evenn within this group of relatively severe perseverators (mean score: 5.11), non-specific 
andd specific cues failed to alleviate the incidence of perseverative errors (F(2,30) = .39). 
Thiss pattern did not change when the group of perseverators was confined further to the 
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Figuree 3.4: Perseveration scores in Experiment 2 for young and older adults. 

worstt twelve performers (mean score: 6.19; F'(2,22) = .80) or to the worst eight performers 
(meann score: 7.98; F(2,14) = .58). 

Thus,, the initial analysis and the additional examinations converge on the conclusion 
thatt the age-related increase in perseverative errors is not attenuated by the presentation of 
informativee shift cues. If age were to affect the ability to monitor performance, then older 
adultss should have showed perseverative behavior only in the no-cue condition, since the 
informativee cues would have helped them overcome the performance-monitoring problem. 
Thiss predicted pattern was not observed, lending additional support to the inference from 
Experimentt 1 that the age changes in perseverative behavior do not result from deficient 
performancee monitoring. If age were to affect rule-induction abilities, then older adults 
shouldd have showed perseverative behavior in the non-specific cue condition more than 
inn the specific-cue condition, since the non-specific cues would not have helped them to 
generatee hypotheses concerning the new sorting principle. This predicted pattern was also 
nott observed, indicating that the age-related increase in perseverative responses does not 
resultt from deficiencies in rule-induction capacities. 
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If,, finally, age were to affect set-shifting abilities, then older adults should show perse-
verativee behavior even in the specific-cue condition, since the presentation of specific cues 
doess not alter the need to engage basic set-shifting operations. From the consistent finding 
thatt older adults were not able to capitalize on specific (compared to non-specific) shift 
cuess it can thus be inferred that, instead of performance monitoring or rule induction, the 
basicc set-shifting ability was the factor responsible for the increased tendency to persevere 
ass people grow older. 

3.55 Genera l Discussio n 

Failuress to exert endogenous control can yield perseverative errors not only when strong 
habituall  associations exogenously trigger inappropriate action schemes, but also when 
exogenouss control is less apparent. In the WCST, in which the stimuli are mapped 
arbitrarilyy onto action schemes so that the stimuli cannot activate some inherent task set, the 
currentlyy activated task set may remain active even though environmental cues call for an 
endogenouslyy controlled reconfiguration of task set. Milner (1963) and others have shown 
thatt patients with dorsolateral frontal lobe lesions are more susceptible to this perseverative 
capturee of action schemes than patients with other lesion sites. This deficit may result 
fromm several types of endogenous adaptive control abilities. First, to enable behavioral 
modificationss in response to sudden changes in task demands, one has to consider and 
evaluatee the possible alternative categorization rules and select one for further testing (rule 
induction).. Second, to perform the required shift appropriately, one should suppress the 
no-longerr relevant task set and replace it by an appropriate new one (set shifting). Third, 
however,, proper application of rule-induction and set-shifting abilities requires the ability 
too monitor and interpret task cues and feedback signals appropriately to guide behavior and 
too recognize the need to apply set-shifting operations (performance monitoring). Nelson 
(1976)) observed that explicit cues, announcing loud and clear the need to shift to new action 
schemes,, failed to alleviate frontal patients' perseverative behavior, suggesting that their 
deficitt in adaptive control is not due to disrupted performance-monitoring capacities. Thus, 
perseverationn in frontal patients appears to result from deficiencies in rule induction or set 
shifting. . 

Ass adults grow older, they are progressively susceptible to the perseverative capture 
errorss in the WCST (e.g., Kramer et al., 1994). As with frontal patients, older adults 
mayy persevere in previously correct sorting rules more often than young adults because of 
difficultiess in the ability to generate viable hypotheses and induce appropriate rules, deficits 
inn basic set-shifting abilities, or disruptions in their performance-monitoring abilities. The 
mainn thrust of the present experiments was to determine the extent to which these different 
endogenouss adaptive control abilities are sensitive to the effects of aging. 

Experimentt 1 was designed to examine whether deficits in performance monitoring 
(ratherr than in rule-induction or set-shifting abilities) account for age-related differences 
inn adaptive control processes. If so, then explicit cueing should facilitate older adults' 
performancee such that they persevere less frequently in previously correct categorization 
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rules.. If not, then the incidence of perseverative errors should not be reduced in older 
adults.. The results were straightforward: age-related increases in perseverative errors were 
nott attenuated by the presentation of explicit shift cues. Thus, as was the case with Nelson's 
(1976)) frontal-lobe patients, older adults' perseverative behavior in the cued dimensional 
shiftt task appeared to be due not to performance-monitoring deficits. 

Thiss result was confirmed in Experiment 2, in which a WCST-like task was administered 
too young and older adults in three versions: a condition without explicit shift cues, another 
conditionn with explicit but non-specific shift cues (as in Experiment 1), and a third condition 
withh specific shift cues that not only tell the subjects to shift, but also informs them exactly 
wheree to shift to. 

Thee results replicated those of Experiment 1 in that age-related increases in perseverative 
errorss were not attenuated by the presentation of explicit but non-specific shift cues. If such 
agee changes do not result from deficient performance monitoring, they may result either 
fromm deficient rule induction or deficient set shifting. In the former case, older adults' 
perseverativee behavior is predicted to be reduced in the specific-cue condition compared 
too the non-specific cue condition, since the specific cues would have helped them overcome 
theirr problem with generating hypotheses concerning the new sorting principle. The results 
failedd to provide support for this prediction. From the combined set of findings that older 
adultss were not able to capitalize on explicit shift cues (either non-specific or specific) 
thee inference can be drawn that basic set-shifting abilities, rather than rule-induction or 
performance-monitoringg abilities, were the primary factor responsible for the increased 
tendencyy to persevere as adults grow into senescence. Set shifting abilitities include the 
suppressionn of no-longer relevant task sets and the implementation of the appropriate new 
taskk set; the present analysis was not designed to discriminate further between these aspects. 

3.5.11 Set Shiftin g and Agin g 

Thee basic set-shifting abilities involved in WCST performance are also crucial to successful 
performancee in choice reaction time tasks in the task-switching paradigm. The typical 
findingfinding is that, when two different tasks are mixed within blocks and on each trial a task cue 
informss the subject about the up-coming task, response times are slower on task-alternation 
trialss compared to task-repetition trials, and this shift cost decreases as more preparation time 
elapsess between presentation of the task cue and the imperative stimulus. One explanation 
off  shift costs is in terms of task-set reconfiguration (e.g., Rogers and Monsell, 1995). If 
aa shift of task is required, then the components of the associated task set are reconfigured 
too allow accurate performance of the new task. This process of task-set configuration can 
bee initiated endogenously as soon as implicit or explicit task cues indicate that a new task 
iss coming up, and is completed after presentation of the stimulus associated with the new 
task.. Shift costs reflect the fact task-set reconfiguration processes take more time in case 
off  a task alternation compared to a task repetition. An alternative view of shift costs is in 
termss of proactive interference (e.g., Wylie and Allport, 2000). When a task alternation 
requiress the performance of a task that differs from the preceding one, there remains some 
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residuall  activation for the task set associated with the preceding trial by the time that the 
taskk set associated with the present trial gets activated. This residual task-set activation then 
interferess with the activation for the new task for many successive trials after switching from 
thee competing task; the cost of this interference is a time penalty, reflected in shift costs. 

Thee precise nature of the processes underlying shift costs in task switching studies is 
stilll  subject to debate (for a recent overview see Vandierendonck, 2000), but this debate 
iss beyond the scope of the present empirical work. Since the present results point to set-
shiftingg as the primary explanatory factor in age-related changes in perseverative behavior, 
thee processes involved in set shifting are of obvious relevance to understanding these age 
changes.. However, the purpose of the present study was to identify the extent to which 
age-relatedd changes set-shifting, rule-induction, and performance-monitoring abilities were 
responsiblee for the observed effects of age on perseverative behavior; whether these age 
changess in set-shifting involves task-set reconfiguration or proactive task-set interference 
remainss to be established in future studies. 

Fromm the present pattern of findings we inferred that, rather than performance moni-
toringg or rule induction, set-shifting was the factor responsible for the increased tendency 
too persevere as people grow older. It should be noted, however, that the factor set shifting 
wass not controlled experimentally. Thus, accepting the conclusion that set-shifting was the 
primaryy factor underlying the influence of age on the incidence of perseverative behavior 
bearss resemblance to accepting a null hypothesis: it may be that other factors that were 
alsoo not under experimental control were responsible for the age effects. Such factors may 
includee factors like group differences in stimulus perception, on-line memory for relevant 
stimuluss dimensions, etcetera. Even though there is no a priori  reason to assume that these 
factorss play a role in the group differences in perseverative errors (unlike the case for set 
shifting),, the present study does allow suggestive but not definitive conclusions about the 
rolee of set shifting. There is no direct way of addressing this complication (e.g., reducing 
thee demand on set shifting and then inspecting whether the age difference in perseveration 
goess away would trivialize the task and preclude the occurrence of perseverative errors 
altogether).. Indirect evidence for the importance of set shifting in perseveration may 
bee obtained, however, by examining within-individual correlations between perseverative 
errorss and task-switching performance. If such correlations are observed, and if they are 
foundd to be specific for performance in task switching (and not generalized to just any 
measuree of speeded performance), our inference would receive support. In an unpublished 
study,, completed recently in our lab, we assessed performance in a WCST-like task and in 
taskk switching across the life span. In this study, we administered three types of tasks to 
thee same (young and old) subjects: 1) the non-cued dimensional shift task from Experiment 
1;; 2) a speeded switch task (involving switching between three different tasks, using the 
samee facial stimuli) to the same subjects; and 3) a speeded non-switch task (using the exact 
samee stimuli and tasks as in the switch task, but now administered by themselves instead 
off  mixed with each other). Adult age trends in perseveration scores were not observed to 
correlatee significantly with reaction times in the non-switch task (that could not be linked, 
aa priori  or a posteriori, to adaptive and perseverative behavior) whereas they did correlate 
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significantlyy (Spearman's p = .454) with reaction times in non-switch tasks (that differed 
fromm the non-switch tasks only in terms of the set-shifting requirement). The finding of 
aa specific correlation between perseverative errors in the WCST-like task and set-shifting 
performancee in task switching underlines further the importance of set-shifting capabilities 
inn the age trends typically observed in perseverative errors. 

Recentt neuropsychological and neuroimaging studies have started attempts to identify 
thee brain areas central to the adaptive control processes involved in task-shifting competence. 
Shiftt costs are larger in patients with left-sided compared to right-sided brain damage 
(Mecklingerr et al., 1999), and more specific in patients with left-sided compared to right-
sidedd frontal damage (Rogers et al., 1998). An initial PET study also emphasized activity 
off  a left-sided network in task-alternation compared to task-repetition blocks, showing 
enhancedd regional blood flow in left dorsolateral prefrontal, premotor, anterior cingulate, 
andd parietal cortex, and also in the right cerebellum (Meyer et al., 1998). 

Ass argued before, these frontal structures, and in particular dorsolateral prefrontal cor-
tex,, are also among the structures that are affected most prominently by aging. Accordingly, 
ann observation reported some forty years ago by Botwinick et al. (1958a) illustrates that 
althoughh older adults are capable of performing elementary reaction-time tasks relatively 
well,, their performance drops markedly when they are asked to switch back and forth 
betweenn those tasks. The finding that the adverse effects of the requirement to shift between 
taskss are progressively more dramatic as adults grow older, combined with the evidence 
fromm cognitive neuroscience studies that aging affects specifically those brain areas that 
aree involved in cognitive control processes, has in recent years stimulated a number of 
neww studies into the effects of age on shift costs (e.g., Duncan et al., 1996; Hartley et al., 
1990;; Kramer et al., 1999; Kray et al., in press; Kray and Lindenberger, 2000; Mayr, 2001; 
Ridderinkhof,, 2000; Salthouse et al., 1998a). All studies replicate the basic finding, first 
documentedd by Botwinick et al. (1958a), that shift costs increase with age. This age-related 
increasee was magnified when subjects were not prepared to switch (i.e., expected a task 
repetition;; van Asselen and Ridderinkhof, 2000). 

Thus,, the task-set reconfiguration processes underlying task switching are observed 
ubiquitouslyy to deteriorate with age. On the basis of the experiments reported above, we 
contendd that age-related changes in task-set reconfiguration abilities also play a major role 
inn the perseverative behavior seen in WCST-like tasks. 
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