
UvA-DARE is a service provided by the library of the University of Amsterdam (https://dare.uva.nl)

UvA-DARE (Digital Academic Repository)

Control failures, error processing, and cognitive aging

Nieuwenhuis, S.T.

Publication date
2001

Link to publication

Citation for published version (APA):
Nieuwenhuis, S. T. (2001). Control failures, error processing, and cognitive aging. [Thesis,
fully internal, Universiteit van Amsterdam]. EPOS, experimenteel-psychologische
onderzoekschool.

General rights
It is not permitted to download or to forward/distribute the text or part of it without the consent of the author(s)
and/or copyright holder(s), other than for strictly personal, individual use, unless the work is under an open
content license (like Creative Commons).

Disclaimer/Complaints regulations
If you believe that digital publication of certain material infringes any of your rights or (privacy) interests, please
let the Library know, stating your reasons. In case of a legitimate complaint, the Library will make the material
inaccessible and/or remove it from the website. Please Ask the Library: https://uba.uva.nl/en/contact, or a letter
to: Library of the University of Amsterdam, Secretariat, Singel 425, 1012 WP Amsterdam, The Netherlands. You
will be contacted as soon as possible.

Download date:24 May 2023

https://dare.uva.nl/personal/pure/en/publications/control-failures-error-processing-and-cognitive-aging(5135da61-b753-4c25-911c-b41c3189df7c).html


GoalGoal activation and executive function 47 7 

Chapterr  3 

AA Goal Activatio n Approac h to the Study of Executiv e Function : 
Ann Applicatio n to Antisaccad e Tasks 

WeWe argue that a general control process, responsible for the activation and maintenance 
ofof task goals, is central to the concept of executive function. Failures of this process can 
becomebecome manifest as goal neglect: disregard of a task requirement even though it has been 
understoodunderstood (Duncan, 1995). We designed several experiments using various versions of 
thethe antisaccade task in order to investigate the circumstances under which goal neglect is 
likelylikely to occur. Potentially conflicting results in the literature on adaptive control of sac-
cadiccadic eye movements were shown to be attributable to the extent to which different task 
versionsversions elicit goal neglect. The results indicated increased susceptibility to goal neglect 
inin high-functioning older adults (Experiment 1) and first-episode schizophrenia patients 
(Experiment(Experiment 2), but not in patients with obsessive-compulsive disorder (Experiment 3). 
However,However, the degree to which such differences in susceptibility became manifest in task 
performance,performance, was shown to be strongly influenced by manipulations of relative saliency of 
tasktask requirements. Theoretical and methodological implications for the study of executive 
functionfunction are discussed. 

3.1.. Introductio n 

Muchh work in cognitive neuropsychology has been guided by the intuition that 
somewheree in the cognitive processing system resides a control mechanism, which imple-
mentss functions such as "planning", "monitoring", and "inhibition". These functions are 
commonlyy referred to as executive functions (Monsell, 1996) and are thought to rely heav-
ilyy on the frontal lobes. The assumption of a functional and anatomical distinction between 
aa control mechanism and a set of controlled mechanisms (e.g., memory) has in particular 
beenn reinforced by neuropsychological reports describing patient populations with frontal 
lobee damage, who may show severe executive deficits in the context of intact crystallized 
intelligencee (e.g., Shallice & Burgess, 1991). A range of neuropsychological tests have 
beenn designed with the aim of tapping the cognitive deficits underlying the general distur-
bancess of behavior often seen in these patients. However, it has become clear that most 
classicall  "executive" tasks, such as the Wisconsin Card Sorting Task and the Tower of 
Hanoi,, are unreliable at discriminating patients with frontal lobe lesions from patients with 
moree posterior lesions (for critical reviews, see Reitan & Wolfson, 1994; Tranel, Ander-
son,, & Benton, 1994). A likely reason for the poor discriminant validity of many of these 
taskss is that they tap executive functions as well as multiple non-executive functions, such 
thatt task performance may be disrupted in many ways (see Burgess, 1997; Pennington, 
Bennetto,, McAleer, & Roberts, 1996). 

Another,, more fundamental concern is the questionable construct validity of the 
hypotheticall  constructs that conventional executive tasks aim to measure. For instance, 
Rabbittt (1997) has pointed out that popular constructs such as "inhibition" are often opera-
tionalizedd in terms of a set of exemplary tasks (e.g., Stroop task, A-not-B task), which are 
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typicallyy not validated against each other or against an independent standard. As a result, it 
iss well possible that despite the apparent face validity of most of these tasks, their per-
formancee outcomes may tell us littl e about the functional processes underlying perform-
ance.. Indeed, a number of studies have addressed the construct validity of conventional 
executivee tasks by examining the intercorrelations of performance scores on batteries of 
executivee and other tasks administered to large groups of people. The standard finding is a 
matrixx of positive but predominantly low correlations with littl e or no substantial cluster-
ingss of executive tasks or subsets of seemingly similar executive tasks (e.g., Duncan, John-
son,, Swales, & Freer, 1997; Kopelman, 1991; Miyake et al., 2000; Rabbitt, 1997). This 
suggestss that many conventional executive tasks have as littl e in common between them as 
theyy have in common with other, presumably non-executive tasks. Thus, if there exists 
indeedd a distinct executive control mechanism1, then variation in its efficiency does not 
reveall  itself as a systematic, replicable pattern of associations between mean performance 
scoress on current neuropsychological tasks. The increasingly recognized difficulty of find-
ingg a reliable measure of executive deficit (for a more detailed discussion, see Burgess, 
1997;; Miyake et al., 2000; Rabbitt, 1997) seems to suggest the need for a different, com-
plementaryy approach to the study of executive function. 

Inn this article, we advocate the view that when comparing groups with known or 
suspectedd frontal lobe dysfunctioning with control groups, differences in the variability of 
theirr task performance can be at least as informative about executive dysfunction as the 
meree shift in average level of performance. More specifically, we propose that perform-
ancee variability within tasks may arise from failures to fully or consistently focus attention 
onn task requirements. Such failures have recently been interpreted using the concept of 
goalgoal neglect (e.g., De Jong, Berendsen, & Cools, 1999; Duncan, 1995; Duncan, Emslie, 
Williams,, Johnson, & Freer, 1996): Although task requirements may be understood and 
remembered,, they are not turned into active goals or adequately maintained as such, so 
thatt control over behavior is lost. As will be discussed below, there is good evidence that 
goall  activation is central to the concept of executive function. Performance variability be-
tweentween tasks from the same task domain, though usually ignored, can often be attributed to 
onee of several factors (differentiating seemingly functionally identical task versions), 
whichh have been proposed to stimulate the process of goal activation through their poten-
tiall  to have people focus their attention more tightly on demanding task requirements. 

Inn order to illustrate the importance of such factors and their influence on the 
hypothesizedd goal activation process, we review a set of new and some already published 
experimentss using several versions of the antisaccade task. We demonstrate that between-
taskk variability of performance on these task versions is considerable in two subject groups 
oftenn associated with executive dysfunctioning (individuals at older age and first-episode 
schizophreniaa patients). We argue that the factors underlying this between-task variability 
suggestt that these groups tend to exhibit excessive goal neglect. Finally, we contrast these 
groupss with a group of patients with obsessive-compulsive disorder, who display no evi-
dencee of goal neglect. However, we first elaborate the relation between goal activation and 
executivee functions, and discuss the experimental paradigms in which and circumstances 
underr which goal neglect tends to occur. 

11 Although the typical pattern of correlations between conventional executive tasks can be taken to 
inferr the existence of multiple control mechanisms, each implementing a distinct executive function, Delia Sala, 
Gray,, Spinnler and Trivelli (1998) have pointed out that such a conclusion is impeded by the theoretical and 
methodologicall  limitations of the correlational and associated factor-analytic approach. 
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GoalGoal neglect 
Thee positive correlation between performance measures of almost any pair of 

cognitivee tasks has been accounted for in terms of one general ability factor, Spearman's g 
(Spearman,, 1927), which contributes to successful performance on a large number of very 
differentt cognitive tasks. Indeed, although such a factor may manifest itself in a wide 
rangee of cognitive activities, the only unique aspect of these cognitive activities might be 
thee involvement of that factor (Burgess, 1997). Duncan and colleagues (Duncan, 1995; 
Duncann et al., 1996) have proposed that the g factor may reflect the efficiency of a general 
goall  activation process, which is involved in "constructing an efficient task plan by activa-
tionn of appropriate goals or action requirements" (Duncan et al., 1997, pp. 716). Ineffi-
ciencyy of this process is revealed by a phenomenon called goal neglect, operationalized by 
Duncann (1995) as disregard of a task requirement even though it has been understood and 
remembered.. Several examples of goal neglect in laboratory tasks will be given below. 
Althoughh performance on almost any task may depend, to some extent, on a common goal 
activationn process, other "executive" functions involved in task performance (e.g., those 
responsiblee for inhibiting motor reflexes, or those involved in planning an action se-
quence)) may be extremely domain-specific (e.g., Rabbitt, 1997). This might explain why 
correlationss between most cognitive performance scores are so low. 

Consistentt with the hypothesis that g reflects the efficiency of a general goal acti-
vationn process, Duncan and colleagues (Duncan et al., 1996; 1997) showed that individual 
differencess in g could well account for interindividual variation in a measure of goal ne-
glectt obtained in a prospective memory task. Indeed, goal neglect is strongly characteristic 
off  individuals with frontal lobe damage (e.g., Duncan et al., 1996; Milner, 1963), who also 
tendd to show poor performance on standard tests of fluid intelligence (Duncan, Burgess, & 
Emslie),, which, in general, have high g correlations. The existence of a general goal acti-
vationn process, which contributes to successful performance on a wide range of tasks, is 
consistentt with the observation that individuals with frontal lobe damage routinely demon-
stratee generalized neuropsychological impairment in the absence of any specific deficits 
(Reitann & Wolfson, 1994). However, it should be emphasized that problems with the con-
sistencyy of goal activation are, to some extent, also visible in the normal population, as 
illustratedd below. 

Twoo experimental task domains, in particular, have inspired the systematic study 
off  goal neglect and the factors influencing its probability of occurrence. First, in prospec-
tivee memory tasks, subjects are required to place a task on hold and to resume it only when 
somee memorized trigger condition is fulfilled. This "prospective" task is typically embed-
dedd in another, ongoing ("primary") task meant to direct the focus of attention away from 
thee intention to react to the prospective trigger. For instance, in the experiments reported 
byy Duncan et al. (1996), subjects' primary task was to monitor two streams of random let-
terss and digits and to repeat out loud any letters that appeared on one side. The prospective 
taskk was to respond to an occasionally presented central, symbolic cue ("+" for right, "-" 
forr left), indicating subjects on what side to continue reading. Even though virtually every 
subjectt was able to recall this rule correctly when prompted, goal neglect, evident as a 
failuree to switch sides if required, was not uncommon among young and healthy subjects. 
However,, the severity of goal neglect was markedly increased in individuals with frontal 
lesions,, and, to a lesser extent, in older adults. Patients with parietal lesions did not exhibit 
moree goal neglect than matched controls. As mentioned above, initial performance on the 
letter-monitoringg task was well predicted by subjects' estimates of g (see also Duncan et 
al.,, 1997) which, according to those researchers, suggests that the task may be a relatively 
puree measure of executive function. Goal neglect was especially apparent in early phases 
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off  the experiment (i.e., when the task was still novel), and when a second prospective task 
wass added. Furthermore, if subjects displayed neglect of the switching rule, this almost 
alwayss disappeared immediately after verbal prompts drawing attention to the task re-
quirements. . 

Comparedd with the study by Duncan et al. (1996), most prospective memory 
studiess have incorporated a longer delay between the instruction phase and the moment to 
carryy out the memorized intention (see Brandimonte, Einstein, & McDaniel, 1996). These 
studiess have confirmed that the prospective component of performance depends on the 
activationn level of this representation (Mantyla, 1996), as well as on the salience of envi-
ronmentall  prompts (Einstein & McDaniel, 1996). For instance, the effect of age on pro-
spectivee memory performance is particularly evident in task versions where the resumption 
off  the prospective task is signaled by a time marker (e.g., a specific time of the day), as 
comparedd to some external event (Maylor, 1996). Obviously, in the former case the envi-
ronmentall  support is low, whereas in the latter case the event may be a powerful trigger of 
thee cue-action schema. As noted above, Duncan et al. emphasized novelty as another fac-
torr giving rise to goal neglect. However, their finding that goal neglect was restricted to 
behaviorr before the first correct trial has not been replicated in subsequent prospective 
memoryy studies (e.g., Maylor, 1998). Finally, it is important to note that most studies have 
managedd to exclude retrospective memory problems as factor responsible for neglect (e.g., 
Brandimontee et al., 1996). Thus, an important part of the trial-to-trial performance vari-
abilityy in prospective memory tasks may be attributed to failures to act upon the instruc-
tionss at the appropriate moment, rather than to mere forgetting of the task instructions. The 
probabilityy of such goal neglect can be influenced by environmental prompts, the number 
off  concurrent task requirements, and, possibly, novelty. 

AA second class of experimental tasks that can yield a relatively pure manifestation 
off  goal neglect are conflict tasks, which require responding to one set of stimuli or rules, 
evenn when more compelling stimuli or rules are available. A classical example of goal 
neglectt in conflict situations was reported by Milner (1963) using the Wisconsin Card 
Sortingg Task, in which card stimuli must be sorted according to a sequence of conflicting 
rules.. Milner noted that frontal patients may continue to sort according to a set of recently 
activatedd but now inappropriate rules, even though they verbally acknowledge that the old 
ruless should be abandoned. A similarly striking dissociation between what is known of 
taskk requirements and what is actually attempted in behavior has been noted by Zelazo, 
Fryee and Rupus (1996) in 3-year old children performing a card-sorting task. After a ver-
ballyy announced switch of rules, many of the children continued to use the preswitch rules 
despitee correctly answering questions about the new, postswitch rules. These results point 
att an inability to turn explicit knowledge of task requirements into an active goal, neces-
saryy to guide behavior. 

Recentt evidence suggests that Stroop-type conflict effects may also stem from 
goall  neglect, rather than from fundamental inhibitory limitations as is commonly believed 
(seee De Jong et al., 1999). In the original Stroop task, subjects are instructed to name the 
inkk color of a color word (e.g., the word red printed in blue) and to ignore the meaning of 
thee word. The Stroop effect refers to the cost in speed and accuracy of color naming when 
thee ink color and word name do not correspond, as compared to a situation where they 
correspond.. West (1999) observed that color-naming errors tend to occur during periods 
off  slowed responding, and hypothesized that during these periods attention is not suffi-
cientlyy focused on the color naming task requirement. According to this hypothesis, task 
conditionss that promote the effective mobilization of attention should be associated with a 
reducedd Stroop effect. At least two types of evidence have confirmed this prediction. First, 
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itt has been demonstrated that increasing the relative frequency of demanding, noncorre-
spondingg trials in a mixed trial block decreases the magnitude of the Stroop effect (e.g., 
Logann & Zbrodoff, 1979), and even more so for older adults (West, 1999). A second type 
off  evidence was presented by De Jong et al. (1999), who manipulated the time interval 
betweenn subsequent Stroop stimuli. De Jong et al. reasoned that a fast pace of stimulus 
presentationn might help subjects to remain well-focused on the task, whereas a slower pace 
mightt give rise to attention fluctuations. Indeed, the Stroop effect was notably reduced in 
thee fast pace condition. These findings show that one should be cautious in attributing the 
Stroopp effect and, possibly, other conflict effects to an absolute inability to respond very 
quicklyy and accurately on conflict trials. The finding that these effects can be largely 
eliminatedd when task demands increase the necessity to fully focus attention on the task 
requirements,, suggests that goal activation failures may be an important underlying cause 
off  suboptimal performance in conflict situations. 

Wee now turn to the antisaccade task domain, which serves as illustration for the 
presentt purposes. Being a prominent example of a conflict task because it involves the 
competitionn between an endogenously generated and an inappropriate, reflexive eye 
movement,, it is currently a popular tool for measuring "inhibitory deficits" in clinical neu-
ropsychologyy and related fields (see Everling & Fischer,, 1998, for a review). 

AntisaccadeAntisaccade task 
Inn the antisaccade task (e.g., Hallet, 1978, Roberts, Hager, & Heron, 1994), sub-

jectss are confronted with a series of peripherally presented abrupt onset stimuli. The basic 
taskk requirement is to suppress the prepotent tendency (e.g., Kramer, Hahn, Irwin, & 
Theeuwes,, 1999) to look toward the stimulus (henceforth: the cue), and instead move the 
eyess to the diametrically opposed location as quickly as possible. In a frequently employed 
versionn of the task (see Figure 3.1), a target is then very briefly presented at this location, 
andd subjects receive the additional instruction to give a nonspeeded two-choice response 
onn the basis of the target identity. Thus, the cue serves as a fully reliable indicator of the 
targett location, prompting subjects to produce fast antisaccades in order to optimize choice 
performance.. An elegant control condition is provided by the prosaccade task, in which 
thee target appears at the same side as the cue. Here, subjects are required to make a sim-
ple,, visually-guided saccade toward the cue. The difficulty of overriding the prepotent 
responsee in the antisaccade task is generally expressed in increased saccade onset latencies 
iff  the eyes move directly in the correct direction. In addition, reflexive glances in the di-
rectionn of the cue (i.e., antisaccade errors) are highly prevalent, whereas in the prosaccade 
taskk subjects rarely make errors. 
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FigureFigure 3.1: Example of sequence of events for an anticue trial. See text for actual size. 
SubjectsSubjects fixated on the central cross. One of the boxes was then turned off for 67 ms and 
thenthen turned on again, providing a spatial cue and prompt to generate a saccade. After a 
variablevariable stimulus onset asynchrony the target appeared for a variable duration before 
beingbeing masked. 
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Becausee we were primarily interested in the effect of factors affecting goal activa-
tionn on overall pro- and antisaccade performance, it was convenient for the present pur-
posess to obtain a single, overall performance measure. We have recently shown (Nieu-
wenhuis,, Ridderinkhof, De Jong, Kok, & Van der Molen, 2000) that the various oculomo-
torr performance indices of pro- and antisaccade performance can be adequately summa-
rizedd by one compound measure: the accuracy of target identification associated with the 
additionall  choice response task. The value of this measure is based on the rationale that, if 
thee stimulus onset asynchrony (SOA) between cue and target is systematically manipu-
lated,, then the time needed to (overtly) attend to a certain location can be inferred from the 
accuracyy of identifying targets at that location at various points in time (e.g., Gottlob & 
Madden,, 1998). For example, slow saccade onset latencies and frequent saccade errors in 
thee antisaccade task will manifest as relatively poor target identification at short SOAs, 
becausee the eyes arrive too late to foveate the target. Alternatively, long SOAs (e.g., 1.5 s) 
shouldd maximize the probability of correct identification, for instance because they allow 
potentiall  saccade errors to be corrected in time. Importantly, we ensured that baseline ac-
curacyy of target identification in an additional, neutral cue condition (i.e., in which the cue 
wass not predictive of the target location) was equalized across the tested groups. This was 
accomplishedd by adjusting the presentation duration of the target on an individual level in 
thee practice phase, and taking the resulting duration as outset in the experimental phase. 
Underr the assumption that the neutral and experimental cue conditions differed only in the 
possibilityy to move the eyes to the target location in advance, this method enabled us to 
controll  for group differences in sensory and oculomotor speed. 

3.2.. Experiment 1: Cognitive aging 

Above,, we have reviewed evidence in support of the view that performance on 
manyy psychological tasks is dependent on a common process of goal activation: turning a 
taskk requirement into an appropriate goal and maintaining this goal over time, and in the 
facee of competing response tendencies. Goal neglect, a repeated failure of this process, has 
beenn proposed to be a central element of executive dysfunction, and is revealed as a sensi-
tivityy to variations in the degree to which attention is focused on the instructed task. As we 
havee seen, three factors that can induce such variability are the availability of environ-
mentall  prompts, the necessity of tightly focused attention as dictated by specific task fea-
tures,, and the number of concurrent task requirements. In order to demonstrate how these 
factorss can affect antisaccade performance, we first present a set of data collected with the 
previouslyy described version of the antisaccade task (i.e., with a secondary, target identifi-
cationn task). These data, described in Experiment 1, provide a good starting point from 
whichh to develop our argument. The experiment involved a comparison between a group 
off  younger and older, healthy and highly educated adults, and was originally conducted to 
investigatee the manner in which and degree to which inhibition of prepotent responses is 
compromisedd in older age. 

3.2.1.. Method 

Subjects Subjects 
Sixteenn young (8 women) and 16 older (3 women) adults participated in this ex-

periment.. The young subjects (Mage = 22.3, range 20-27) were undergraduate students at 
thee University of Groningen. The older subjects (M age = 72.4, range 65-82) were all re-
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tiredd university professors, non-institutionalized, and relatively healthy and alert according 
too self-report. The experiment lasted approximately 1.5 hours. All subjects were paid fl. 
10,-- per hour for their participation. 

Stimuli Stimuli 
Stimulii  (see Figure 3.1) were presented in white on a black computer screen. 

Subjectss were facing the screen at a distance of 40 cm. The fixation display consisted of a 
centrall  fixation cross, subtending 0.7°, surrounded by four boxes that were symmetrically 
positionedd above, below, to the left and right of the cross. The boxes each subtended 3.2°, 
bothh horizontally and vertically, and the visual angle between fixation and the center of 
eachh box was 4.0°. The target consisted of a schematic face in the shape of a circle with a 
diameterr equal to the length of the side of a box. The mouth, which differentiated between 
aa happy and a sad face, subtended 1.5° X 0.5°. 

Design Design 
Theree were two experimental cue conditions: (1) the procue condition in which 

thee face appeared in the cued box (i.e., a prosaccade task). (2) the anticue condition in 
whichh the face appeared in the box opposite from the cued box (i.e., an antisaccade task). 
Inn addition, there was a neutral control condition in which each of the boxes was cued at 
thee same time, thus providing no information about the location of the target. After having 
receivedd 210 practice trials with the neutral condition, subjects entered the experimental 
phasee which consisted of four sets of four blocks. Cue condition (procue or anticue) was 
heldd constant within each set and was varied across sets according to an ABBA design 
withh half of the subjects starting in the procue condition. One third of the trials in each 
blockk were neutral. These were randomly intermixed with the experimental trials. The first 
off  every four blocks consisted of 24 trials, all of which were discarded because of carry-
overr effects from the other cue condition. The other three blocks consisted of 96 experi-
mentall  trials each. SOA (100, 200, 300, 400, 600, 800, 1000, or 1500 ms) was randomly 
variedvaried within blocks, but the percentage of trials with each SOA was controlled in order to 
yieldd approximately 17% trials with the four shortest SO As and 8% with the four longest 
SOAss . Cue location was randomly determined on each trial. 

Procedure Procedure 
Eachh trial started with the presentation of the fixation display. After a fixed dura-

tionn of 750 ms, one of the boxes was turned off for 67 ms and then turned on again, pro-
vidingg a clearly perceptible spatial cue. After a variable SOA, starting at cue offset, the 
facee was displayed until a (non-speeded) response was registered by the computer key-
board.. Response keys, "v" for happy and "n" for sad, were operated by the left and right 
indexx fingers. Importantly, the discriminative feature of the face, the mouth, was masked 
afterr an individually-based duration. The practice phase was used to determine the time 
thatt the mouth should be displayed, before being masked, in order to yield 67% correct 
responsess with the neutral cue for that particular subject. This was done by means of a 
staircase-trackingg algorithm. The resulting target duration was used as initial duration in 
thee experimental phase, but, if necessary, target duration was adjusted at the start of a new 
experimentall  set with the aim of maintaining subjects at a 67% percent accuracy level in 

22 The estimated variance of the proportion of correct manual responses for each SOA was (p * {1 -p)) 
// n, where p is the probability of a correct response, and n is the number of trials. Because p increased with SOA 
wee needed fewer trials at the long SOAs than at the short SOAs in order to obtain a similarly reliable estimate of 
thee percentage correct responses. 
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thee neutral cue condition. Mean target duration was 111 ms for the young and 158 ms for 
thee older adults, F(l, 30) = 11.21,p < .005. 

Importantly,, subjects were neither instructed to make eye movements nor to keep 
fixation.. However, they were explicitly informed about the informative value of procues 
andd anticues, and they were instructed to make active use of any informative cue to im-
provee choice performance. Possible eye movements were not recorded, but pilot work 
establishedd that if subjects were told to keep fixation, their discrimination accuracy hardly 
exceededd chance levels. Alternatively, if they received no eye movement instructions, an 
eyee movement was almost always observed. Before the start of each block, subjects were 
informedd about the upcoming cue condition. At the end of each block, feedback about 
manuall  response accuracy was presented on the computer screen. Subjects were allowed a 
100 min rest break after each experimental set. 
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OO Procu e 
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00 200 400 600 800 1000 1200 1400 1600 
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FigureFigure 3.2: Discrimination accuracy (%) as a function of cue condition and SOA for the 
youngeryounger and older age group in Experiment 1. 

3.2.2.. Results 

Thee analysis of the discrimination accuracy data included all experimental trials 
exceptt the first trial of each block. The results are shown in Figure 3.2. Accuracy in the 
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procuee condition quickly rose to a high asymptote as a function of SOA for both age 
groups.. In contrast, the function for the anticue condition revealed marked age-related 
differences.. For young adults, the function briefly dipped below the control level for the 
neutrall  cue but then rose quickly to the same asymptotic level as that reached with pro-
cues.. For the older adults, however, accuracy in the anticue condition remained well below 
thee neutral control level for at least 300 ms, suggesting a much stronger tendency for the 
cuee to pull attention to the wrong location. Also, unlike for young adults, the asymptotic 
levell  of accuracy for anticues remained well below that for procues, indicating that the 
olderr adults failed to redirect their attention to the opposite location even when given am-
plee time to do so. 

Inn order to increase the reliability of the factorial cell means, we reduced the sub-
stantiall  error variance by pooling the two shortest SOAs, the two next shortest SOAs etc, 
soo that the factor SOA was entered into the statistical analyses with four levels. The data 
fromfrom the neutral cue condition were analyzed separately by means of a two-way ANOVA 
withh age group as between subjects factor and SOA as within subjects factor. The stair-
case-trackingg procedure was successful at equating both age groups in the neutral cue con-
dition,, as indicated by a non-significant main effect of age group, F(l, 30) < 1. The slight 
increasee in accuracy across SOAs was not significant, F(3, 90) = 1.4, p > 2. 

Thee main analysis of the discrimination accuracy data included accuracy scores in 
thee procue and the anticue condition. The data from these conditions were submitted to a 
three-wayy ANOVA with age group as between subjects factor and SOA and cue condition 
ass within subjects factors. Taken across the two cue conditions the young adults were more 
accuratee than the older adults, F( l, 30) = 21.1, p < .001, indicating that the former group 
shiftedd their attention more efficiently in response to informative cues. As expected, accu-
racyy was significantly lower in the anticue condition than in the procue condition, F(l, 30) 
== 75.1, p < .001, and, importantly, this effect of cue condition was more pronounced for 
thee older adults than for the young adults, F(l, 30) = 9.9, p < .005. The factor SOA 
showedd a significant main effect, F(3, 90) = 103.4, p < .001, and entered in a reliable in-
teractionn with cue condition, F(3, 90) = 20.1,/? < .001, reflecting a slower rise in accuracy 
inn the anticue condition. Indeed, the initial drop and modest increase of the anticue func-
tionn of older adults resulted in a significant three-way interaction, F(3, 90) = 3.6,/? < .03. 

3.2.3.. Discussion 

Thee results from Experiment 1 suggest a close relationship between age and an-
tisaccadee performance. Compared to the younger adults, the group of healthy, highly edu-
cated,, older adults needed considerably more time to override the prepotent response acti-
vatedd by the cue. Interestingly, even when the SOA was increased up to 1.5 s, there re-
mainedd a substantial asymptotic cost, suggesting that the older adults failed to initiate a 
voluntaryy (corrective) antisaccade on some proportion of the trials. What would cause 
suchh failures to anticipate the target? 

Att this point, we are confronted with an important discrepancy between the pre-
sentt results and results from two cross-sectional lifespan studies of pro- and antisaccade 
performancee (Fischer, Biscaldi, & Gezeck, 1997; Munoz, Broughton, Goldring, & Arm-
strong,, 1998). Both of these studies found an approximately linear increase of antisaccade 
latenciess between the age of 20 and 75. However, a similar increase was reported for 
prosaccadee latencies, suggesting that the age differences in antisaccade latencies should be 
attributedd to aspecific perceptuomotor deficits rather than to a compromised ability to 
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handlee conflict3. The antisaccade error rates confirm this notion. In Munoz et al., the error 
ratess were the same across the adult lifespan. The data from Fischer et al. show a modest, 
positivee correlation between adult age and proportion of antisaccade errors, but the oldest 
groupp (age 55-75, N=15) deviated from this pattern and performed much like the youngest 
adults.. In neither study can this age invariance be attributed to a floor effect. Moreover, it 
iss unlikely that the discrepancy between our results and these previous studies is related to 
ourr choice of subjects. All of our subjects were highly educated, and their mean age corre-
spondedd with that of the oldest subject groups in Fischer et al. and Munoz et al. Lack of 
motivationn can also be ruled out as an alternative interpretation for the poor antisaccade 
performancee of our group of older adults. Apart from the fact that, as usual, the older 
adultss made the impression of being highly motivated, the finding that their prosaccade 
performancee matched that of the younger adults is incompatible with motivational prob-
lems. . 

Althoughh the paradigm used by Fischer et al. (1997) and Munoz et al. (1998) and 
ourr antisaccade paradigm are usually treated as logically and functionally isomorphous, we 
believee that differences in task design and instructions may well account for the variability 
inn findings. The most salient difference in task design between our study and the studies by 
Fischerr et al. and Munoz et al. is that their design did not include a target identification 
task.. That is, instead of being replaced by a target stimulus, the cue remained visible for 1 
s,, after which the trial ended. Subjects were simply required to respond to the cue with a 
prosaccadee or antisaccade. Importantly, because this was their only task goal, subjects 
weree explicitly instructed to produce a fast and accurate saccade on each trial. Note that in 
ourr experiment, subjects were not explicitly instructed to do so. The requirement to make 
saccadess was strictly implicit in the instruction to make active use of any informative cue 
too improve choice performance. Above, we have reviewed evidence suggesting that ex-
plicitt prompts (including instruction) may be beneficial to the triggering of intended be-
haviorss (e.g., Duncan et al., 1996). Therefore, it is possible that the use of explicit instruc-
tionss is one of the factors responsible for the absence of age differences in previous an-
tisaccadetisaccade studies. 

Evidencee for the importance of explicit instructions was obtained through com-
parisonn of the present results with the results from an experiment published elsewhere 
(Nieuwenhuiss et al., 2000, Experiment 1). This experiment used virtually the same design 
andd procedure but now the younger and older subjects were explicitly told to make active 
usee of the cue by means of a saccade toward the target location. In addition, to increase the 
perceivedd necessity to make eye movements, the visual angle between fixation and each 
possiblee target location was increased to approximately 10° (compared with 4° in the pre-
sentt experiment). Figure 3.3A shows the discrimination accuracy data from Nieuwenhuis 
ett al. The results were very similar to those of the present experiment, with one important 
exception:: The substantial difference between asymptotic levels of accuracy in the procue 
andd anticue condition that was found for older adults in the present experiment, was now 
entirelyy absent. Thus, explicitly prompting subjects to make saccades was successful in the 
sensee that it remedied the purported occasional failures by the older adults to initiate an 
endogenouss antisaccade, but it did not seem to have affected the speed with which older 
adultss were able to initiate antisaccades. 

speed. . 
Recalll  that our experimental measures are not contaminated by age differences in perceptuomotor 
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Inspectionn of the eye movement recordings reported by Nieuwenhuis et al. (2000, 
Experimentt 1) suggested a reason for the age differences in the speed of initiating antisac-
cades.. For many older adults, there was a strong relation between SOA and the onset la-
tencyy of antisaccades, such that longer SOAs were associated with slower antisaccades. A 
similarr relation was not observed in the procue condition. It seems that in the anticue con-
dition,, many older subjects adopted a strategy in which they attempted to exploit the onset 
off  the target stimulus itself to trigger the antisaccade, and reserved endogenous initiation 
onlyy for those instances in which the target did not appear promptly after the cue. Impor-
tantly,, none of the younger subjects showed evidence of such a strategy. 

Att first sight, this strategy would seem counterproductive; In order to maximize 
theirr chances of correctly perceiving the facial expression, subjects should initiate the req-
uisitee saccade without delay. However, the perceptual impression of the facial expression 
att short SOAs, and especially in the anticue condition, was quite dim at best, resulting in 
thee subjective experience of having to guess. Subjectively, therefore, the deleterious ef-
fectss on the quality of perceptual judgment of briefly delaying the endogenous initiation of 
thee antisaccade in wait of the face stimulus may not have been obvious. With respect to the 
other,, and in this experiment also prominent, goal, of making a correct antisaccade, the 
strategyy must be deemed adaptive and clever, with older subjects apparently exploiting the 
externall  support provided by the triggering properties of the face stimulus itself to help 
themm achieve that goal with greatly reduced effort. 
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FigureFigure 3.3: Discrimination accuracy (%) as a function of cue condition and SOA for the 
youngeryounger and older age groups in Nieuwenhuis, Ridderinkhof De Jong, Kok and Van der 
MolenMolen (2000). (A) Experiment 1. Younger adults, N = 18, M age = 20.3, range 18-25; 
OlderOlder adults, N = 18, Mage = 68.9, range 59-80. (B) Experiment 2. Younger adults, N = 
16,16, Mage = 21.1, range 18-25; older adults, N = 16, Mage = 68.6, range 61-79. 

Ann experiment (Nieuwenhuis et al., 2000, Experiment 2) was devised to test these 
conjectures.. The experiment was identical to Experiment 1 from that study, with one im-
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portantt exception. To neutralize the unique exogenous qualities of the target stimulus, the 
targett was now accompanied by three distractors (identical to the target face, but without a 
mouth)) that were presented in the three remaining possible locations. This adjustment of 
thee target display necessitated fully endogenous initiation of the required saccade. The 
meann discrimination accuracy data from this experiment are shown in Figure 3.3B. The 
resultss show that, in contrast to Experiment 1 from the present study and the first experi-
mentt from Nieuwenhuis et al. (2000), age differences in the antisaccade condition were 
ratherr small and not any larger than age differences in the prosaccade condition. The eye-
movementt recordings indicated that this reduction of age differences in discrimination 
accuracyy was caused by markedly decreased age differences in antisaccade speed, espe-
ciallyy at the longer SOAs. Thus, endogenous control of the oculomotor system in the an-
tisaccadetisaccade task seems to be littl e affected by age, because when the possibility of antisac-
cadess being exogenously controlled was minimized, similar age effects on discrimination 
accuracyy were obtained for prosaccades and antisaccades. This finding illustrates the pre-
viouslyy forwarded view (De Jong et al., 1999) that in conflict tasks a purported bias 
againstt strict focusing of attention may only be overcome when such focusing is necessary 
inn order to attain and maintain adequate task performance. 

Thee experiments of Nieuwenhuis et al. (2000) seem to bridge most but not all of 
thee gap between the findings reported in Experiment 1 and the studies by Fischer et al. 
(1997)) and Munoz et al. (1998): Unlike Fischer et al. and Munoz et al., Nieuwenhuis et al. 
(Experimentt 2) found significant specific age differences in the proportion of direction 
errorss and in the antisaccade SRTs. This suggests that oculomotor performance may be 
somewhatt more sensitive to effects of age and goal neglect than discrimination accuracy. 
Inn the Fischer/Munoz paradigm, the explicit and only goal is to make a fast and correct 
saccade.. In contrast, in the Nieuwenhuis paradigm, the main goal is to correctly identify 
thee target and the generation of anticipatory saccades is only instrumental in enhancing the 
likelihoodd of achieving that goal. Put differently, the goal to make a saccade is the primary 
goall  in the Fisher/Munoz paradigm, but only a subordinate goal in the Nieuwenhuis para-
digm.. Importantly, there is some evidence suggesting that goal activation failures are most 
likelyy when attention must be allocated in the service of multiple task demands (Duncan et 
al.,, 1996; Roberts et al., 1994; see also Baddeley, Delia Sala, Papagno, & Spinnler, 1997). 
Further,, it seems plausible to assume that goal neglect should first affect the subordinate 
requirementt to make a swift saccade, especially since, as discussed above, the deleterious 
effectss of neglecting this requirement on discrimination accuracy may not have been very 
obviouss to subjects. Therefore, we propose that the need to meet multiple task demands 
mayy be an important determinant of between-task variability in the antisaccade task do-
main.. Interestingly, the only other study investigating age-related effects on antisaccade 
performancee that also included a target identification task, found clear age differences in 
thee proportion of direction errors (Butler, Zacks, & Henderson, 1999)4. Furthermore, as 
thee present results suggest, the capability to keep multiple goals active is positively influ-
encedd by enhancing the saliency of actions associated with subordinate goals by means of 
instructionss or manipulations of the necessity of such actions. 

Too summarize the results, we have demonstrated the effects on oculomotor per-
formancee of various factors that have previously been identified as mediating goal neglect 

44 Butler et al. (1999) reported the absence of a specific age difference in the onset latency of antisac-
cades.. However, this finding is likely to be an artifact of their task design (see Nieuwenhuis et al., 2000, for a 
discussion). . 
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inn other task domains. Manipulation of these factors was argued to give rise to a contin-
uumm of antisaccade tasks that differ with respect to the saliency or prominence of the re-
quirementt to make a fast and accurate instrumental saccade. Interestingly, such manipula-
tionss had littl e effect on oculomotor performance in young adults; in contrast, they consid-
erablyy affected such performance in older high-functioning adults. Thus, the present re-
sultss would seem to indicate a marked degree of goal neglect in older adults, consistent 
withh previously reported results from other task domains (e.g., Duncan et al., 1996; West, 
1999).. Importantly, our results also highlight several factors that may be employed in or-
derr to ameliorate such goal neglect in older adults. 

Givenn the close link between goal neglect, g, and frontal lobe functioning (Dun-
can,, 1995), it is perhaps not surprising that older adults display goal neglect. First, for 
manyy tasks there is littl e effect of age on performance once age-related changes in fluid 
intelligencee (i.e., g) have been partialed out (see, e.g., Rabbitt, 1993). Recall that Duncan 
andd colleagues have proposed that g may in large part reflect the efficiency of a general 
goall  activation process. And second, it has often been suggested that frontal dysfunction 
contributess substantially to the cognitive deficits of the elderly (e.g., West, 1996). Given 
thee central role assigned to the frontal lobes in goal activation and goal maintenance (Dun-
can,, 1995), it is possible, and consistent with the evidence presented here, that most of this 
contributionn is mediated by goal neglect. 

Inn the next sections of this paper, we will build upon the initial insights gained 
fromm these studies of goal neglect in normal aging and demonstrate how they can be ex-
tendedd in a straightforward manner to account for the distinctive pattern of executive ca-
pabilitiess and deficits in schizophrenia and obsessive-compulsive disorder. 

3.3.. Experiment 2: Schizophrenia 

Thee general observation that persons with frontal lobe dysfunctioning may dem-
onstratee generalized neuropsychological impairment without any clear selective executive 
deficitt is perhaps best illustrated by schizophrenia patients, although it must be stressed 
thatt brain dysfunction in these patients is not confined to the frontal lobes (Buchsbaum, 
1994).. A recent, comprehensive review (Heinrichs & Zakzanis, 1998) of schizophrenic 
performancee on a wide range of neuropsychological tests including those thought to meas-
uree executive function concluded that '...the evidence suggests that any selective deficits in 
functions...aree relative and exist against a background of general dysfunction" (pp. 437). 
Wee know of no specific attempts to establish empirically whether this general dysfunction 
mayy be attributed to a broad goal activation deficit. However, a possible relation is sug-
gestedd by Cohen and Servan-Schreiber's (1992) influential theoretical account of cognitive 
andd biological disturbances in schizophrenia. These authors presented a set of formally 
relatedd connectionist models that simulate normal and schizophrenic performance in three 
seeminglyy very different tasks. Model simulations showed that behavioral deficits of 
schizophrenicss in each of these tasks can be modeled through the adjustment of one and 
thee same model parameter in a model component corresponding to prefrontal cortex. Im-
portantly,, this adjustment was functionally interpreted as a degradation of the internal rep-
resentationn of contextual information, of which task requirements were proposed to be an 
importantt example. In each of the tasks this led to an increased probability of dominant but 
inappropriatee response tendencies taking control over action. The possibility of interpret-
ingg goal activation and goal neglect within the connectionist approach of Cohen and Ser-
van-Schreiberr is further discussed in the General Discussion. 
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Inn line with the notion of generalized neuropsychological impairments in schizo-
phrenia,, the many studies that have examined schizophrenic performance on the antisac-
cadee task have consistently reported an increased proportion of antisaccade errors in pa-
tientss compared with controls (see for reviews Broerse, Crawford, & Den Boer, 2001; 
Everlingg & Fischer, 1998). In addition, most studies have reported patients to exhibit in-
creasedd antisaccade onset latencies in the context of normal prosaccade performance (Bro-
ersee et al., 2001), indicating that impairments in antisaccade performance are not due to a 
generall  oculomotor deficit. Importantly, with no exception these studies have used the 
mostt basic version of the antisaccade task, that is, the version in which making a swift sac-
cadee is the primary and only task. Thus, unlike older adults, schizophrenia patients experi-
encee difficulties even when the task provides the opportunity to fully focus on the re-
quirementt to make an antisaccade. From the above outlined goal activation perspective on 
antisaccadee tasks, we reasoned that if schizophrenia is characterized by a severely defi-
cientt goal activation function, then schizophrenic performance should be extremely im-
pairedd in the version of the antisaccade task used in Experiment 1, in which instructions 
onlyy mention the target discrimination task and do not explicitly refer to the need for mak-
ingg instrumental saccades. Put differently, severe goal neglect in schizophrenia should 
havee particularly detrimental effects on oculomotor performance when the goal of making 
aa saccade is only a subordinate goal. This issue was addressed in Experiment 2. Knowing 
thatt abnormalities in antisaccade performance are already present at the onset of schizo-
phreniaa (Hutton et al., 1998), we compared a group of first-episode schizophrenia patients 
withh a group of healthy control subjects on the task used in Experiment 1. 

3.3.1.. Method 

Subjects Subjects 
Thiss experiment included 12 patients (5 women, M age = 28.1, SD = 8.5, range 

20-48),, who had recently experienced a first psychotic episode according to DSM-IV cri-
teriaa (American Psychiatric Association, 1994). The diagnose was based on a structured 
intervieww (SCAN, Wing et al., 1990). All patients were treated with novel antipsychotics 
(eitherr olanzapine, risperidone or quetiapine), which were administered in a dose within 
thee common therapeutical range. Treatment duration was at least six weeks. Exclusion 
criteriaa were (i) severe mental retardation; (ii) systemic or neurological illness; (iii ) head 
injury;; (iv) medication treatment other than antipsychotics; (v) severe tardive dyskinesia; 
(vi)) alcohol or substance abuse. Average education was at high school level. Since the 
Dutchh educational system differentiates already after primary school, a coding system 
otherr than years of education was chosen. We coded the level of education ranging from 1 
(primaryy school) to 5 (university or graduate school). The mean of the patient group was 
3.77 (SD = .9). A control group of 24 healthy volunteers (16 women, Mage = 29.0, SD = 
7.5,, range 18-44) were recruited from the local community and were matched to the pa-
tientt group according to age and education. Exclusion criteria were (i) first degree rela-
tivestives with severe psychiatric disease; (ii) severe mental retardation; (iii ) systemic or neuro-
logicall  illness; (iv) head injury; (v) alcohol or substance abuse. Average education was at 
highh school level (M= 3.6, SD = .7). All subjects provided informed consent. 

Stimuli,Stimuli, Design, and Procedure 
Stimuli,, design, and procedure were the same as in Experiment 1 with the follow-

ingg exceptions. Subjects received 144 practice trials before entering the experimental 
phase.. Each set in thee ABBA design included three blocks of trials. The first of every three 



GoalGoal activation and executive function 61 1 

blockss consisted of 18 trials, all of which were discarded, as in Experiment 1. The second 
andd third block consisted of 54 trials each. The number of SOAs was reduced to three 
(200,, 600, or 1400 ms, 18 trials per block with each SOA), which we expected would be 
sufficientt to capture the dynamics of the function relating SOA to discrimination accuracy. 
Meann target duration was 165 ms for the schizophrenia group and 118 ms for the control 
group,, F(l, 34) = 7.6, p < .01. The experiment involved one session of approximately 45 
min. . 
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FigureFigure 3.4: Discrimination accuracy (%) as a function of cue condition and SOA for the 
schizophreniaschizophrenia group and control group in Experiment 2. 

3.3.2.. Results and Discussion 

Figuree 3.4 shows mean discrimination accuracy data for patients and their 
matchedd controls. The data can be summarized as follows. First, the two subject groups 
showedd very similar performance at the 200-ms SOA in both experimental cue conditions. 
Becausee this SOA is too short to allow for a substantial contribution to choice perform-
ancee of voluntarily controlled eye movements, any cuing effect is most likely due to auto-
maticc capture of the eyes by the abrupt onset cue (e.g., Kramer et al, 1999). The results 
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suggestt that this tendency is preserved in our schizophrenia patients. Second, even when 
givenn ample time, the patients hardly took benefit from the opportunity to improve their 
performancee through use of the cue, despite being carefully instructed to do so. The simi-
larr slope of the patients' procue and anticue functions suggests that failures to use the cue 
too anticipate the target location were equally distributed across the pro- and anticue condi-
tions.. In contrast, the controls performed much like the young adults in Experiment 1 and 
managedd to attain near-ceiling performance in both conditions within 1.5 s. 

Thee same statistical analyses were performed as in Experiment 1. The staircase 
trackingg procedure was successful at equating both subject groups in the neutral condition, 
ass indicated by a non-significant main effect of subject group, F < 1. The main analysis, 
involvingg the procue and anticue condition, confirmed that the effects of cue condition and 
SOA,, and their interaction, were all highly significant,/? < .001. Overall, the controls per-
formedd more accurately than the patients, F(l, 34) = 12.2, p = .001, and showed a greater 
increasee of accuracy with increasing SOA, F(2, 68) = 20.4, p < .001. The greater SOA 
effectt for controls was more evident in the anticue condition than in the procue condition, 
ass indicated by a significant three-way interaction, F(2, 68) = 3.8, p < .05. The interaction 
off  subject group and cue condition was not significant, F(\, 34) = 2.1, p - . 16. 

Experimentt 2 shows that, at least in the context of antisaccade tasks, excessive 
goall  neglect can be witnessed at the onset of the clinical manifestations of schizophrenia. 
Althoughh schizophrenia patients, despite being severely impaired on the antisaccade task, 
showw normal performance on the "easy" version of the prosaccade task, in which saccades 
aree explicitly required, this was not the case in the present, "difficult " task version, in 
whichh the goal to make saccades was subordinate to the discrimination of targets. In fact, 
thee patients' data suggest that the voluntary component of their prosaccade performance 
wass similarly impaired as the voluntary component of their antisaccade performance, as 
indicatedd by a rather weak improvement of target discrimination accuracy with SOA. This 
relativee inability to incorporate the generation of anticipatory saccades within the overall 
taskk plan of optimizing choice performance can, in all probability, be attributed to the 
combinedd effects of the factors that distinguish the "difficult " version of the pro- and an-
tisaccadee task from the "easy" version: the absence of explicit instructions, the possibility 
off  adopting a suboptimal performance mode as enabled by the support from the exogenous 
targett onset, and the subordinate nature of the saccade component of the task. 

Above,, we have assumed that goal neglect affects the endogenous saccade com-
ponentt rather than the visual discrimination component of the tasks. This assumption 
seemss justified, because our finding that the two groups reached equivalent accuracy levels 
att the shortest SOA is hard to reconcile with the notion of goal neglect affecting visual 
discrimination.. Accordingly, Duncan et al. (1996, Experiment 3) found that the order in 
whichh task requirements were specified to the subject at the start of the experimental ses-
sion,, had a clear impact on which task component tended to be neglected. More specifi-
cally,, a task requirement was more likely to be neglected when several other requirements 
hadd already been specified and activated. Note that in our experiments, subjects first re-
ceivedd extensive practice with the neutral condition. Only after the practice phase were 
subjectss instructed about and exposed to the requirement to generate anticipatory saccades 
inn response to the cue. It would be interesting to know to what extent the saccade compo-
nentt and visual discrimination component would be neglected if subjects first received 
practicee with a pure saccade task (i.e., without a discrimination component), and were only 
thenn instructed about the need to discriminate stimuli at the target location. 
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3.4.. Experimen t 3: Obsessive-compulsiv e disorde r 

Experimentt 1 and 2 demonstrated clear evidence of goal neglect in older, high-
functioningg adults and in first-episode schizophrenia patients. At the level of the frontal 
lobes,, both aging (Phillips & Delia Sala, 1996) and schizophrenia (e.g., Goldman-Rakic, 
1994)) have often been characterized by biological disturbances of lateral prefrontal cortex. 
Inn a recent review of functional neuroimaging studies, Duncan and Owen (2000) showed 
thatt lateral prefrontal cortex and dorsal anterior cingulate cortex are consistently recruited 
byy a wide range of different cognitive demands, whereas most of medial and orbital pre-
frontall  cortex are largely insensitive to these demands. These and other results (Duncan et 
al.,, 2000) suggest that g may reflect the efficiency of a relatively specific frontal circuit, 
andd raise the possibility that severe goal activation deficits may be restricted to popula-
tionss with dysfunction in lateral prefrontal cortex. 

Too assess this hypothesis, Experiment 3 examined a group of patients with obses-
sive-compulsivee disorder (OCD). OCD is characterized by severe and recurrent obses-
sionall  thoughts and compulsive behaviors, even though these thoughts and behaviors are 
regardedd as inappropriate by the patient. OCD patients have been shown to be impaired on 
measuress of visuospatial memory, cognitive set shifting and other, though predominantly 
nonverball  cognitive functions (for a review, see Wilson, 1998). Importantly, their neuro-
pathologyy is well known to involve orbitomedial regions of the prefrontal cortex along 
withh several subcortical areas (e.g., Swedo et al., 1994). Therefore, we predicted littl e or 
noo impairment in the "difficult " version of the antisaccade task. 

3.4.1.. Method 

Subjects Subjects 
Thiss experiment included 23 patients (16 women, M age = 32.3, SD = 9.3, range 

19-52)) with obsessive-compulsive disorder meeting the DSM-IV criteria (American Psy-
chiatricc Association, 1994) for the disorder. OCD symptoms were assessed with the Yale 
Brownn Obsessive Compulsive Scale (Y-BOCS, Goodman et al., 1989; M= 24.0, SD = 
5.7).. Patients were drug-free for at least 4 weeks prior to testing. Exclusion criteria were 
(i)) severe mental retardation; (ii) major depression and/or anxiety disorders; (iii ) history of 
aa psychotic episode; (iv) systemic or neurological illness; (v) head injury; (vi) alcohol or 
substancee abuse. Average education was at high school level (M= 3.2, SD = .9). The OCD 
patientss were compared with the same control group as in Experiment 2 and were matched 
too this group according to age, sex, and education. In addition, both groups were adminis-
teredd the Raven Standard Progressive Matrices test as a measure of fluid intelligence. No 
differencee in estimated intelligence levels was found between groups (OCD, M= 112.5, 
SDSD = 10.9; controls, M= 116.0, SD = 13.5; / = 9.6, p = .35). Other characteristics of the 
controll  group are described in the 'subjects' section of experiment 2. All subjects provided 
informedd consent. 

Stimuli,Stimuli, Design, and Procedure 
Stimuli,, design, and procedure were the same as in Experiment 2. Mean target 

durationn was 128 ms for the OCD group and 118 ms for the control group, F{\, 45) = 1.2, 
pp = 21. 
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3.4.2.. Results and Discussion 

Figuree 3.5 shows mean discrimination accuracy data for the OCD patients and the 
controll  group. It is immediately clear that the two groups displayed strikingly similar per-
formancee in all conditions. The OCD patients were a bit less accurate at the longest SOA, 
butt this was the case in both the procue and anticue condition. Though speculatively, it is 
possiblee that the increased tendency to doubt and control the outcome of their actions, here 
inducedd by a relatively long interval of nothing happening on the screen, occasionally led 
OCDD patients to check whether the target had already appeared in one of the three non-
selectedd locations. If, on these occasions, the target appeared in the initially attended loca-
tionn after all, this would hamper target identification. 

Thee same statistical analyses were performed as in the previous experiments. The 
staircasee tracking procedure was successful at equating both subject groups in the neutral 
condition,, as indicated by a non-significant main effect of subject group, F < 1. The main 
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analysiss confirmed that, as in the previous experiments, the effects of cue condition and 
SOA,, and their interaction, were all highly significant, p < .001. Most importantly, the 
mainn effect of subject group and the interaction terms including this between subjects fac-
torr were all far from significant: subject group, F(l, 45) = .2,p = .70; subject group X cue 
condition,, F(l, 45) = .003, p = .96; subject group X SOA, F(2, 90) = .7, p = .47; three-
wayy interaction, F(2, 90) = A,p = .88. 

Thee data showed fully intact performance of OCD patients on the "difficult " ver-
sionn of the antisaccade task. From our goal activation perspective on antisaccade tasks, it 
followss that OCD patients should also demonstrate normal performance on the "easy" ver-
sionn of the antisaccade task. To our knowledge, there are four published studies reporting 
OCDD performance on antisaccade tasks, all of which have used the "easy" task version. 
Twoo of these studies (Maruff, Purcell, Tyler, Pantelis, & Curry, 1999; McDowell & 
Clementz,, 1997) report equivalent error rates in the antisaccade condition for OCD pa-
tientss and controls. Furthermore, Maruff et al. (1999) report a reliable but relatively small 
(approximatelyy 35 ms) reduction in antisaccade speed in OCD patients, whereas prosac-
cadee speed is fully unaffected. McDowell & Clementz did not include a prosaccade con-
troll  condition, which prevents interpretation of group differences in antisaccade speed. 

TwoTwo other studies (Rosenberg, Dick, O'Hearn, & Sweeney, 1997; Tien, Pearlson, 
Machlin,Machlin, Bylsma, & Hoehnsaric, 1992) report an overall impairment in antisaccade per-
formancee in OCD patients, but these studies suffer from important methodological short-
comings,, which (as discussed in Maruff et al., and as briefly mentioned in McDowd & 
Clementz)) cast serious doubt on the validity of their findings. Thus, although the evidence 
iss scant, OCD patients' performance on the "easy" version of the antisaccade seems in-
deed,, to a large extent, unimpaired. Together, these findings are consistent with the hy-
pothesiss that severe goal neglect is specifically characteristic of neuropsychological popu-
lationss with dysfunction of lateral prefrontal cortex. 

3.5.. General Discussion 

Wee have presented a relatively new theoretical perspective (De Jong et al., 1999; 
Duncan,, 1995; Duncan et al., 1996), according to which executive dysfunction is charac-
terizedd not as a consistent and replicable pattern of cognitive limitations, but rather as fail-
uress to fully or consistently focus attention on task demands, even though these demands 
can,, in principle, be met. Evidence for such disregard of task demands, or goal neglect, 
cann be obtained through examination of the effects of variations in attentional focus. We 
havee illustrated this approach for the antisaccade task, which, as other conflict tasks (De 
Jongg et al., 1999), is highly sensitive to goal activation failures. As stated by Roberts et al. 
(1994):: "..successful [antisaccade] performance seems dependent on maintaining a high 
enoughh level of activation of the relevant self-instructions to make an eye movement to the 
oppositee side at the moment the cue is presented" (p. 391)". The present experiments 
demonstratee that the goal activation process is mediated by instructions, environmental 
structure,, and concurrent task requirements, all of which induce systematic variation in 
attentionall  focus. The importance of such factors has previously been emphasized in the 
contextt of prospective memory tasks (e.g., Duncan et al., 1996), and in other conflict tasks 
(Dee Jong et al., 1999; De Jong, 2001). Evidence was found for goal neglect in high-
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functioning,, older adults and, to a greater extent, in first-episode schizophrenia patients, 
butt not in individuals with OCD. 

Althoughh we belief that goal neglect is a central element of executive dysfunction 
inn the antisaccade task and other conflict tasks, individuals' performance may well suffer 
fromm other types of limitations. For instance, one may ask whether the poor performance 
off  schizophrenia patients on the "easy" version of the antisaccade task (Broerse et al., 
2001;; Everling & Fischer, 1998) is diagnostic of a catastrophous goal activation deficit 
(i.e.,, pertaining even to situations that promote effective mobilization of attention), or 
ratherr due to additional, cognitive limitations. A coarse task analysis suggests that, com-
paredd to the prosaccade task, performance on the antisaccade task must require the opera-
tionn of several additional component processes, each of which might be disrupted. Defi-
cientt top-down inhibition of reflexive eye movements is a particular prominent feature in 
verball  models trying to account for antisaccade performance deficits. However, simple, 
neurallyy inspired network models of saccade initiation can account for many oculomotor 
phenomena,, including the specific slowing of antisaccades, without incorporating top-
downn inhibitory connections (e.g., Trappenberg, Dorris, Munoz, & Klein, 2001). Perform-
ancee in other conflict tasks, such as the Stroop task, can also be adequately modeled with-
outt explicit top-down inhibition of the prepotent response (Cohen, Dunbar, & McClelland, 
1990),, raising the question whether, at a structural or functional level, "top-down inhibi-
tion""  has much construct validity. More pertinently, we have recently obtained suggestive 
evidencee that schizophrenic patients benefit markedly from an increase in stimulus-
presentationn rate in Go/Nogo performance. Thus, patients committed many commission 
errorss at a slow rate of presentation whereas they made no more commission errors than 
healthyy controls at high presentation rates. This strongly suggests that they did not suffer 
fromfrom a fundamental inhibitory deficit —in which case commission errors should be ex-
pectedd to be exacerbated by high presentation rates— but rather from goal activation fail-
ures.. These failures were countermanded by high presentation rates, which helped patients 
too remain well focused on the task (De Jong et al., 1999). 

MethodologicalMethodological implications 
Ourr studies and literature review illustrate the potential problems with the com-

monn approach of selecting a specific task, or version of a task, as an operationalization of 
aa theoretical construct or mental ability, such as when a task is thought to measure inhibi-
toryy ability (McDowd, 1997; Rabbitt, 1997). For instance, some authors have reported 
clearr age differences in the control of antisaccades (Butler et al., 1999; Experiment 1 from 
thiss study), whereas others (Fischer et al., 1997; Munoz et al., 1998), using slightly differ-
entt task versions, have reported no such differences. Obviously, as relevant conclusions in 
thiss example would be critically dependent on which specific task version has been em-
ployed,, the choice of task becomes a major issue that should be decided on principled 
groundss and not based on incidental preferences of investigators. We suggest a different, 
moree principled approach. In this approach, several task versions are employed. The dif-
ferentt versions share a subset of goals —with each goal corresponding to a distinct aspect 
off  overall task performance— but differ in the nature of the overall goal network and, more 
specifically,, in the prominence of the shared subset of goals in this network. In this paper, 
wee have manipulated the saliency of the requirement to execute saccades, hypothesizing 
thatt enhancing this saliency would promote goal activation and goal maintenance and thus 
helpp prevent goal neglect. The results for age effects on saccadic performance nicely con-
firmedd this hypothesis. It is important to point out that our procedures to enhance the sali-
encyy of the requirement to execute instrumental saccades (i.e., presenting the target at a 
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moree peripheral position, and the use of distractors accompanying the target) also en-
hancedd the objective difficulty of the primary discrimination task. From a limited-
inhibitoryy capacity perspective, one should therefore expect that these manipulations 
wouldd enhance purported manifestations of inhibitory failure, instead of reducing or elimi-
natingg such manifestations as the present results indicate. 

AA major benefit of this methodological approach can be appreciated by consider-
ingg the different profiles of success and failure across the various task versions for the dif-
ferentt groups examined in this study. For instance, only performance in the antisaccade 
conditionn in the "difficult " version of the task was found to discriminate between healthy 
olderr adults and OCD patients. Also, prosaccade performance in the "easy" version of the 
taskk does not discriminate between patients with schizophrenia and other groups such as 
healthyy older adults and OCD patients, whereas prosaccade performance in the "difficult " 
versionn clearly distinguished between these groups. In general, then, the ability or power 
too distinguish between different populations with known or suspected frontal-lobe dys-
functioningg may well be critically dependent on having available profiles of performance 
acrosss task versions. 

AA central assumption underlying this approach is that people's strategies for goal 
settingg and goal maintenance can be influenced by manipulations of the saliency of task 
requirements.. It is important to emphasize the methodological point that such manipula-
tionss should be applied preferrably at a between-subjects level. Several previous studies 
usingg a within-subjects design have found a marked lack of flexibilit y in adjusting strate-
giess in response to changing instructions or task requirements that other studies, using a 
between-subjectss design, have generally found to result in robust changes in strategy (De 
Jong,, 2000; Los, 1996; Strayer and Kramer, 1994). These findings suggest that differences 
inn performance between various task versions, that differ with respect to saliency of task 
requirements,, may be greatly reduced in the context of within-subjects design. This impor-
tantt methodological point deserves further examination. 

LinksLinks with neuroscience and computational modeling 
Neuroimagingg reviews suggest that there exists a specific frontal circuit, involv-

ingg lateral prefrontal cortex and dorsal anterior cingulate cortex, which is necessary for 
dealingg with a wide range of task demands (Duncan et al., 2000; Duncan & Owen, 2000). 
Althoughh more direct evidence is needed, it may prove useful to conceive of this frontal 
circuitt as implementing a general goal activation function. According to this conception, 
severee goal activation failures should be specifically characteristic of populations with 
damagee or dysfunction in this frontal circuit. This perspective receives compelling support 
fromm our observation of goal neglect in older age and schizophrenia, both of which are 
characterizedd by dysfunction of lateral prefrontal cortex. In contrast, patients with OCD, 
whichh involves other frontal regions, and patients with parietal lesions (Duncan et al., 
1996)) show no evidence of goal neglect. Interestingly, although many cortical regions are 
involvedd in antisaccade task performance, an increased number of antisaccade errors is 
specificallyy seen after lesions of dorsolateral prefrontal cortex or anterior cingulate cortex, 
butt not after lesions of the supplementary eye fields, frontal eye fields, posterior or tempo-
rall  cortex (for review, see Everling & Fischer, 1998). As noted by Duncan and colleagues 
(e.g.,, Duncan et al., 1997), other regions of prefrontal cortex appear to have rather do-
main-specificc functions that are considered not to be characteristically "executive" in na-
ture. . 

Goall  activation and goal neglect are still rather poorly defined concepts. There-
fore,, in order to establish their construct validity, we need not only develop new and refine 
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existingg empirical techniques for uncovering the phenomena that these concepts refer to; 
ultimately,, we need to formalize the concept of goal activation and describe in more detail 
howw goal neglect can arise. For instance, how can we account for the fluctuations in fo-
cusedd attention that underlie manifestations of goal neglect in conflict tasks? An intriguing 
possibilityy is offered by a recent theoretical study (Botvinick, Braver, Barch, Carter, & 
Cohen,, 2001), building forth on the connectionist work by Cohen and colleagues (e.g., 
Cohenn et al., 1990; Cohen & Servan-Schreiber, 1992). Botvinick et al. propose that mobi-
lizationn of control processes may be accomplished in part through monitoring for response 
conflictss in information processing. When conflict, characterized by the concurrent activa-
tionn of mutually incompatible response channels, is detected by the conflict monitoring 
system,, attention is more tightly focused on the relevant stimuli or stimulus-response map-
pingss to reduce conflict on future occasions. Using connectionist simulations, Botvinick et 
al.. show that a direct feedback loop connecting a conflict monitoring system with an atten-
tionall  control system provides a unifying explanation for the effect of the relative propor-
tionn of noncorresponding trials on the Stroop effect (e.g., Logan & Zbrodoff, 1979), and a 
sett of other, seemingly different "strategic" behavioral phenomena. Botvinick et al.'s work 
alsoo illustrates that, in the context of conflict tasks5, problems with the consistency of con-
troll  allocation may originate in dysfunction of either one of these systems or their connec-
tion. . 

Interestingly,, on the basis of neuroimaging studies Cohen and colleagues (e.g., 
Botvinickk et al., 2001) have proposed that conflict monitoring and attentional control are 
performedd by the anterior cingulate cortex and prefrontal cortex, respectively. Note that 
thesee two regions correspond with those regions identified by Duncan and colleagues 
(Duncann et al., 2000; Duncan & Owen, 2000) as consistently recruited to solve a wide 
rangee of cognitive problems. Furthermore, a psychophysiological marker of activity in this 
monitoring-controll  loop (the error-related negativity; see for review Falkenstein, Hoor-
mann,, Christ, & Hohnsbein, 2000) has been found to be less pronounced in subject popu-
lationss associated with a deficient goal activation function: frontal patients (Gehring & 
Knight,, 2000), schizophrenia patients (Ford, 1999), and older adults (e.g., Nieuwenhuis et 
al.,, submitted). In contrast, OCD patients have a larger error-related negativity than 
healthyy controls (Gehring, Himle, & Nisenson, 2000). These findings suggest that the in-
tegrationn of computational modeling, cognitive psychology, and neuroscience may eventu-
allyy lead to a more precise understanding of goal activation failures. 

55 For suggestions how similar principles may be applied to prospective memory failures, see Cohen 
andd O'Reilly (1996). 


