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Chapterr 7 

Summary y 

Executivee control refers to the ability of our cognitive system to configure itself 
forr the performance of specific tasks through adjustments in perceptual selection, biasing 
off  response selection, and the maintenance of contextual information over temporally ex-
tendedd periods. Evaluative control refers to the ability of the cognitive system to monitor 
thee internal and external environment for signals that indicate the demand for increased 
executivee control. 

7.1.. Executive control 

Chapterss 2 -4 each dealt with an aspect of executive control or failures to initiate 
suchh control. Chapter 2 focused on the question of how the seemingly complex pattern of 
agee invariance and age deficits in performance across various tasks designed to measure 
inhibitoryy function should be understood. It was argued that these tasks can be classified 
alongg two separate dimensions. The first dimension is a spatial vs. nonspatial dimension. 
Thatt is, tasks vary in the degree to which the inhibited information or response has a spa-
tiall  component that separates it from goal-related information or behavior. It has been ar-
guedd that age invariance in "inhibition tasks" is mainly observed in tasks with a strong 
spatiall  component (Connelly & Hasher, 1993; Hartley, 1993). The second dimension is a 
controlledd (active) vs. reflexive (reactive) inhibition dimension. Logan (1994) has made a 
distinctionn between tasks in which inhibitory action is an explicit task goal (as defined in 
thee task instructions; i.e., controlled inhibition), and tasks in which inhibition is an unin-
tendedd byproduct of goal-related processing (reflexive inhibition). Because inhibition 
taskss with a spatial component are often associated with a reflexive form of inhibition, the 
spatial-nonspatiall  hypothesis of inhibitory age deficits may be confounded with the 
distinctionn between controlled and reflexive inhibition. To address this issue, Experiment 
11 investigated age differences in performance on an antisaccade task, a task with a clear 
spatiall  component but probing a controlled form of inhibition. Older adults were found to 
bee severely impaired at suppressing unwanted saccades in the direction of an abrupt onset 
cuee and producing rapid saccades in the opposite direction. This suggested that the spatial-
nonspatiall  distinction is not a crucial factor for the prediction of age differences in per-
formancee in inhibition tasks. Instead, it was argued that the existing literature is consistent 
withh the notion that age differences are restricted to tasks requiring active, top-down inhi-
bition. . 

Ann additional result of Experiment 1 was that older adults often let their antisac-
cadess be visually guided by the onset of a target stimulus appearing at the endpoint of the 
requiredd antisaccade. In Experiment 2, the task design was slightly changed to eliminate 
thee possibility of visually guided antisaccades. This experiment replicated the qualitative 
patternn of age differences in antisaccade performance found in Experiment 1, but the age 
differencess were much smaller in Experiment 2. Thus, when older adults, in order to attain 
reasonablyy adequate performance, were forced to initiate inhibitory control processes in an 
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endogenouss fashion, they turned out to be better at doing so than initially thought (i.e., on 
thee basis of Experiment 1). This finding was discussed in terms of failures of goal (inten-
tion)) activation in older adults. That is, effective recruitment of cognitive control requires 
ann explicit goal or intention (i.e., to exert control) to be added to the basic goal structure 
thatt governs task performance (Duncan, 1995), and retrieval and the carrying out of this 
intentionn at the proper time. Failures of this process, which is here referred to as goal acti-
vation,, are thought to occur more frequently in older adults. The necessity of endoge-
nouslyy initiating control processes to prevent performance from breaking down seems (as 
supportedd by Experiment 2) one of the factors under the experimenter's control that may 
reducee such probabilistic failures of control. 

Chapterr 3 extended the goal activation hypothesis put forward in Chapter 2 by 
proposingg a general goal activation approach to the study of executive control in older 
adultss and other "dysexecutive" populations. According to this approach, executive dys-
functionn is characterized not as a consistent and replicable pattern of cognitive limitations, 
butt rather as failures to fully or consistently focus attention on task demands, even though 
thesee demands can, in principle, be met. In keeping with recent ideas of Duncan and col-
leaguess (Duncan, 1995; Duncan, Emslie, Williams, Johnson, & Freer, 1996), it was argued 
thatt such instances of goal neglect occur as a result of probabilistic failures of a general 
goall  activation process that is responsible for the activation and maintenance of task goals. 
Onn the basis of a set of experiments (including Experiment 1) using versions of the pro-
andd antisaccade task, it was demonstrated that age-related differences in pro- and antisac-
cadee performance differ as a function of various factors that have previously been argued 
too mediate goal neglect: the nature of task instructions, the degree of external support of-
feredd by the structure of the task, and the number of concurrent task requirements. This 
suggestedd that the sensitivity of a particular task to executive dysfunction may be critically 
dependentt on which specific version of the task is employed. The goal activation approach 
too the study of executive function recommends that several task versions be employed, 
withh versions differing in terms of the factors -mentioned above- that mediate the fre-
quencyy of goal neglect. The central claim made in Chapter 3 is that executive dysfunction 
cann be largely revealed as a sensitivity of performance to variations in these factors. To 
illustratee the discriminant validity of this approach, it was shown that pro- and antisaccade 
performancee of schizophrenia patients was dramatically affected by factors that reduce the 
degreee to which attention is focused on the instructed task (Experiment 2). In contrast, 
patientss with obsessive-compulsive disorder performed as good as healthy control subjects 
onn any version of the task. In discussing these results, it was suggested that a frontal cir-
cuit,, including parts of the anterior cingulate cortex and prefrontal cortex, might imple-
mentt the purported goal activation function. 

Chapterr 4 further evaluated the explanatory power of the notion of probabilistic 
controll  failures by studying a specific phenomenon reported in the cognitive control litera-
ture:: residual switch costs. Switch costs refer to the costs in performance associated with a 
changee of task. Such switch costs are reduced by the opportunity to prepare for the change 
beforee the stimulus onset, but there remains a "residual cost" that resists reduction by fur-
therr opportunity for preparation. Several authors have interpreted residual switch costs in 
termss of an absolute limitation to the ability to get prepared for an upcoming change of 
taskk by fully endogenous means (e.g., Allport, Styles and Hsieh, 1994; Rogers & Monsell, 
1995).. In contrast, De Jong (2000) has proposed that residual switch costs are due to 
probabilisticc failures to engage in advance preparation for a task switch despite ample op-
portunityy to do so. That is, given a preparation interval, and the intention to prepare, par-
ticipantss succeed on only a proportion of the trials in completing the preparatory control 
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processs before the stimulus arrives, in which case they are in a prepared state, and per-
formancee is no different to that on a task repetition trial. On other trials, however, partici-
pantss "fail to engage" the preparatory control process before the stimulus onset, and are in 
ann unprepared state when it arrives, in which case the control process must be accom-
plishedd after the onset to allow task-specific processes such as response selection to pro-
ceed,, thus prolonging reaction time. The residual cost in the mean RT is thus the result of 
aa mixture, in some proportion, of prepared (no time cost) and unprepared switch trials 
(withh a time cost due to the post-stimulus control process). 

Dee Jong (2000) formalized his ideas in a two-state mixture model of residual 
switchh costs. In Chapter 4, it was shown that this mixture model provides a good account 
off  the data from one old (Rogers & Monsell, 1995, Experiment 3) and one new task-
switchingg experiment. Also, there was no significant improvement of fit of a model with 
onee extra parameter, simulating a systematic poststimulus component of the control proc-
esss (Allport et al., 1994; Rogers & Monsell, 1995). These results suggested that residual 
switchh costs might be due to failures to engage in task-switch preparation despite ample 
opportunityopportunity to do so. Taking the experiment by Rogers and Monsell as a starting point, the 
reportedd new experiment sought to minimize the probability of such control failures, and 
hencee substantially lower the residual switch costs, by adding strong incentives to mini-
mizee RT, and short trial blocks to minimize cumulative fatigue. It was hypothesized that 
maximizingg the participants' motivation to push their RT performance to the limit, and 
minimizingg cumulative fatigue, should substantially increase their probability of advance 
preparation,, and substantially reduce their residual switch costs. Interestingly, this hy-
pothesiss was only partly confirmed by the data; although the effects of the manipulations 
onn residual switch costs and the probability of advance preparation (expressed in one of 
thee model parameters) were significant and in the expected direction, the absolute effect 
sizess were small. Thus, it was concluded that there does seem to be a more than merely 
motivationall  limitation on participants*  ability to get themselves into a prepared state for a 
taskk switch, albeit probabilistic rather than absolute. 

Chapterss 2 - 4 demonstrate the importance of probabilistic control failures in ac-
countingg for impaired task performance in dysexecutive populations but also in healthy 
youngerr adults (Chapter 4). Whereas executive performance deficits are usually attributed 
too absolute limitations to the efficiency of control processes, this thesis emphasizes that it 
mayy prove insightful to consider probabilistic control failures as an alternative explanation 
forr such performance deficits. Note that it is not claimed that performance of dysexecutive 
populationss can be completely characterized in terms of probabilistic control failures; ab-
solutee limitations may well be present in many cases. Probabilistic control failures are re-
vealedd in the form of within-task performance variability, for instance as expressed by the 
mixturee model of residual switch costs (De Jong, 2000), but also in the form of variability 
off  performance across seemingly similar task versions, as extensively argued in Chapter 3. 
Researchh on executive control should explicitly take into account the factors that introduce 
suchh performance variability. At the same time, in order to establish their construct valid-
ity,, theoretical concepts (such as goal activation) used to interpret such performance vari-
abilityy need to be described with more precision in future research. 

7.2.. Evaluative control 

Chapterr 5 and 6 focused on error-related processing, which is thought to be a ma-
jorr aspect of evaluative control. Chapter 5 dealt with the functional aspects of two error-
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relatedd ERP components: the error-related negativity (ERN) and the error positivity (Pe). 
Thesee two components are thought to reflect the activity of a neural mechanism signaling 
thee need for increased executive control for updating of other system settings. However, 
theirr precise functional meaning is not yet understood. The specific question addressed in 
Chapterr 5 was how elicitation of the ERN and Pe is related to subjective awareness that an 
errorr was made. In particular, on the basis of some suggestions in the literature, it was hy-
pothesizedd (a) that conscious self monitoring does not necessarily have access to the same 
informationn as does the process indexed by the ERN; and (b) that the process reflected in 
thee Pe is related to the conscious recognition of an error. These hypotheses were assessed 
byy recording brain activity from participants performing an antisaccade task. Participants' 
performancee in this oculomotor task is characterized by many motor errors, many of which 
goo unnoticed despite their immediate correction. Participants were asked to rate the accu-
racyy of their responses on a trial-by-trial basis. This enabled the derivation of separate 
error-relatedd ERP waveforms for subjectively perceived and subjectively unperceived er-
rors.. These waveforms confirmed the hypotheses regarding the relation between the 
ERN/Pee and awareness of errors. A substantial ERN was observed for both perceived and 
unperceivedd errors, but the Pe was clearly reduced or even absent after unperceived errors. 
Anotherr important result concerned the degree of RT slowing on trials following an error. 
Suchh posterror slowing represents an important instance of remedial action and may possi-
blyy be triggered by the ERN signal (Botvinick, Braver, Carter, Barch, & Cohen, 2001; 
Gehring,, Goss, Coles, Meyer, & Donchin, 1993). However, the results indicated that pos-
terrorr slowing occurred only after subjectively perceived errors, and was thus uncorrected 
withh the ERN signal. The results left open the possibility that the Pe process is involved in 
thee triggering of remedial action following errors. Together, the results of Chapter 5 were 
takenn to reinforce the notion of two distinct functional evaluative control processes, one 
indexedd by the ERN and one indexed by the Pe. 

Chapterr 6 took a cognitive aging perspective on the issue of evaluative control. It 
wass investigated why the ERN elicited by response errors is smaller in older adults (Band 
&&  Kok, 2000; Falkenstein, Hoormann, & Hohnsbein, 2001) and what this reveals about 
errorr processing in older age. These questions bear on the notion of dysexecutive perform-
ancee of older adults. That is, if older adults have a deficient evaluative control system, as 
mightt be indicated by a smaller ERN, then executive control processes may not be suffi-
cientlyy recruited, leading to dysexecutive performance. In Experiment 1, it was shown that 
thee smaller ERN of older adults stands out as a fairly specific age effect, in the sense that 
otherr ERP components were of similar size in younger and older adults. Thus, the smaller 
ERNN of older adults cannot be understood as a reflection of a general age-related attenua-
tionn of ERP components. Furthermore, it was demonstrated that the reduction in ERN am-
plitudee is not necessarily related to uncertainty about the required response; the age effect 
wass also present under conditions with minimal data limitations and straightforward stimu-
lus-responsee mappings. 

Experimentt 2, a probabilistic learning experiment, was designed to discriminate 
betweenn two hypotheses regarding age-related effects in ERN amplitude. These hypothe-
sess were inspired by a recent neurobiological theory of error processing (Holroyd & Coles, 
submitted),, according to which the ERN is associated with the arrival at the ACC of a 
mesencephalicc dopamine signal, elicited when the brain first detects that ongoing events 
aree worse than expected, and used to adapt the cognitive system accordingly. Specific pre-
dictionss concerning the amplitudes of both response- and feedback-related ERNs and con-
cerningg performance of older adults were derived from a computational model of perform-
ancee in this task. The empirical results were consistent with a hypothesis according to 
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whichh older age is characterized by a weakening of dopaminergic reinforcement learning 
signals.. A model simulating these weakened dopamine signals by manipulation of a single 
parameterr could well account for various age differences. The dopamine hypothesis of the 
reportedd age effects was found to be consistent with a substantial literature reporting an 
age-relatedd disturbance in dopamine function. Finally, it was suggested that a similar 
mechanismm may account for the reduced ERN in schizophrenia patients and patients with 
Parkinson'ss disease, because both illnesses have long been known to involve dopamine 
dysfunction. . 

Althoughh Chapters 5 and 6 both started from the notion that the ERN reflects an 
aspectt of error processing, some caution is warranted. In recent work (Yeung, Botvinick, 
&&  Cohen, submitted), it has been cargued that the ERN is a manifestation of a conflict 
detectionn mechanism implemented in the ACC, conflict being defined in terms of the con-
currentt activation of two or more competing response channels. According to this view, 
errorss represent merely a specific situation in which conflict is present. Because continued 
stimuluss processing after an error tends to further activate the correct response channel 
(perhapss even leading to the correction of the error), response conflict reaches its maxi-
mumm after the erroneous response -at the time of the ERN peak. In correct trials, however, 
possiblee response conflict is -almost by definition- resolved before the response occurs. 
Interestingly,, Yeung et al. propose that the N2, an ERP component often preceding the 
responsee in situations in which an incorrect response option is primed, represents the acti-
vationn of the ACC in response to conflict on correct trials. Future work involves testing 
thiss hypothesis, for instance by investigating whether the N2 can be co-localized with the 
ERNN to the ACC (see Yeung et al., submitted). 

Somee of the conclusions of Chapter 5 can easily be translated in terms of the con-
flictt monitoring theory. First, the detection of post-response conflict on error trials does 
nott necessarily give rise to awareness of a response error. And second, the conflict signal, 
ass reflected by the ERN, is not sufficient to slow down the response system on a posterror 
trial,, because posterror slowing occurred only when the ERN was accompanied by error 
awareness.. The conflict monitoring theory does not account for the Pe. In general, this 
purportedd ERP correlate of evaluative control deserves more attention in future research. 
Finally,, unlike the error processing theory of Holroyd and Coles (submitted), as yet the 
conflictt monitoring theory does not offer an account of the findings reported in Chapter 6. 
Yet,, both theories have an important aspect in common. That is, in all models based on 
thesee theories, evaluative control signals are used to adapt the system to optimize perform-
ancee on the task at hand. This in turn reduces the degree and frequency of incorrect re-
sponsee activation on subsequent occasions. The positing of such a loop between evaluative 
controll  mechanisms and mechanisms responsible for modulating basic information proc-
essingg in accordance with task instructions is a crucial step towards getting rid of the infa-
mouss homunculus featuring in so many theories of cognitive control. 
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