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Chapte rr  2 

Inhibitor yy Inefficienc y and Failure s of Intentio n Activation : 
Age-Relate dd Declin e in the Contro l of Saccadi c Eye Movement s 

YoungYoung and older adults' control of saccadic eye movements was compared using an an-
tisaccadetisaccade task, which requires the inhibition of a reflexive saccade toward a peripheral 
onsetonset cue followed by an intentional saccade in the opposite direction. In 2 experiments, 
anan age-related decline was found in the suppression of reflexive eye movements, as indi-
catedcated by an increased proportion ofsaccades toward the cue, and a longer time needed to 
initiateinitiate correct antisaccades. The results from Experiment 2 suggested that older adults' 
slowerslower antisaccades may be explained partly in terms of increased failures to maintain the 
cue-actioncue-action representation at a sufficient activation level. The results suggest that the no-
tiontion of selective preservation with age of the ability to inhibit spatial responses does not 
applyapply to the active inhibition of prepotent spatial responses. 

2.1.. Introductio n 

Ann increasingly dominant view of the mechanisms responsible for the attentional 
processingg deficits that become apparent with advancing age concerns the decrease in in-
hibitoryy efficiency. The inhibitory deficit hypothesis of aging holds that the well-
documentedd age-related decrease in performance on a range of cognitive tasks can be ac-
countedd for by failures to suppress responses to irrelevant information (see, e.g., Hasher & 
Zacks,, 1988; Roberts, Hager, & Heron, 1994; West, 1996). Although the inhibitory deficit 
hypothesiss can accommodate a large body of data (see, e.g., Zacks & Hasher, 1997), some 
authorss have expressed the need for more precise specification of the inhibition concept 
(e.g.,, Burke, 1997; Kramer, Humphrey, Larish, Logan, & Strayer, 1994; McDowd, 1997). 
Theree is, for example, a growing amount of evidence of age equivalence on tasks thought 
too involve inhibitory demands (Kramer et al., 1994; McDowd, 1997). This suggests that 
insteadd of one general inhibitory mechanism there may be multiple, distinct inhibitory 
mechanismss which are differentially vulnerable to aging. 

Ann important proposal for the selective preservation of inhibitory function during 
agingg refers to the growing body of literature suggesting that age-related deficits in inhibi-
toryy function are limited to tasks requiring the processing of nonspatial information, 
whereass inhibition mechanisms involved in spatial orienting are spared (e.g., Connelly & 
Hasher,, 1993; Hartley, 1993; Pratt, Abrams, & Chasteen, 1997). For instance, compared 
withh younger adults, older adults exhibit reduced negative priming of the identity of dis-
tractorr stimuli, as measured by the cost in reaction time if the distractor becomes a target 
onn a following trial. This finding has been taken to suggest that older adults are less effi-
cientt in suppressing irrelevant identity information. In contrast, younger and older adults 
showw similar negative priming when required to respond to the location of a stimulus if 
thiss location was occupied by a distractor on the previous trial (see, for reviews, Connelly 
&&  Hasher, 1993; Kramer et al., 1994). Inhibition of return, the phenomenon that it is more 
difficultt to direct attention to a recently visited location than to an unvisited location, has 
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alsoo been associated with similar or even larger inhibition effects for older adults (see, 
e.g.,, Hartley & Kieley, 1995). 

Inn accordance with findings of age-related similarities in the inhibition of covert 
spatiall  attention shifts, there is evidence that older and younger adults are equally efficient 
att inhibiting eye movements (e.g., Kramer, Hahn, Irwin, & Theeuwes, 1999; Pratt et al., 
1997).. There is ample evidence that humans and other organisms have an automatic re-
sponsee tendency to direct both their attention (see for a review, Yantis, 1998) and their 
eyess (Roberts et al., 1994; Theeuwes, Kramer, Hahn, & Irwin, 1998) toward abrupt visual 
onsets.. Kramer et al. (1999) examined the effect of abrupt onset distractors on goal-
directedd eye movements in a visual search task. Younger and older adults misdirected their 
eyess to the distractor onset on an equally large portion of the trials before moving their 
eyess to the target. Also, compared with a control condition without distractors, search re-
actionn time was lengthened by an equal amount in younger and older adults. Kramer and 
colleaguess concluded that the older adults were as efficient inhibiting saccades toward 
task-irrelevantt abrupt onsets as were the younger adults. 

Inn this article we argue that the absence of age differences in inhibition measures 
obtainedd in spatial attention tasks should not be explained in terms of the spatial character-
isticss of the task. We report the results of two overt spatial attention experiments that dem-
onstratee clear effects of aging on the efficiency of inhibition. We propose that our results 
andd the failure to find age differences in other spatial inhibition tasks can be accommo-
datedd by the inhibition of prepotent responses hypothesis (IPR) of aging, which will be 
outlinedd in the next section. 

AgingAging and the inhibition of prepotent responses 
Failuress to inhibit prepotent response tendencies, either elicited by task-relevant 

stimulii  or established by practice, have consistently been found to be a major source of 
disruptionn in older people's task performance (see, e.g., Hasher, Zacks, & May, 1999; 
Kramerr et al, 1994; for a review, see West, 1996). Examples of tasks probing such prepo-
tentt response tendencies are the Wisconsin Card Sorting Task, in which people are re-
quiredd to suppress a sorting rule, which has become prepotent by means of prior experi-
mentall  practice, and the Stroop task, in which people have to actively inhibit the naturally 
practicedd task of word naming (see Roberts et al., 1994, for more examples). One key as-
pectt that these tasks have in common is that they require the intentionally controlled or 
activee inhibition of an inappropriate response tendency to prevent it from gaining control 
overr action. A second important shared aspect is that the inappropriate response has be-
comee highly salient through prior experience. The IPR hypothesis of aging holds that a 
taskk will show age deficits to the extent that it embodies these two characteristics. 

Inn our view, most spatial inhibition tasks'that are reviewed in the context of the 
distinctionn between spatial and nonspatial inhibition do not match these characteristics. 
Rather,, they involve a reflexive form of inhibition, in the sense that the inhibition is not 
underr intentional control, as in the case of negative priming and inhibition of return (see 
Rafall  & Henik, 1994). In other tasks, although it may be evident that spatial distractors 
hamperr performance and may, in principle, be under intentional control, participants are 
oftenn not explicitly instructed to suppress the evoked covert or overt attention shifts. 
Moreover,, participants may not be aware of the distractors, as has been reported by 
Kramerr et al. (1999). Kramer et al. failed to find age differences in the disrupting effect of 
aa task-irrelevant abrupt onset on overt visual search performance. Reports from their par-
ticipants,, indicating that they were generally unaware of the appearance of the distractor, 
ledd Kramer et al. to note that "... it would appear conceivable that the degree to which 
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age-relatedd differences in attentional capture are observed might be a function of subjects' 
levell  of awareness of the attention capturing stimuli" (p. 152). Indeed, this hypothesis has 
recentlyy been confirmed by Kramer, Hahn, Irwin and Theeuwes (2000). We argue, there-
fore,, that differences in the spatial nature of task requirements are usually confounded with 
thee need to actively inhibit a prepotent response tendency. 

Inn this article, we advocate a classification of inhibition paradigms according to 
thee need to actively suppress a prepotent response tendency, rather than in terms of the 
distinctionn between spatial and nonspatial attention. Strong evidence for this view would 
bee obtained if the IPR hypothesis of aging were found to generalize to prepotent shifts of 
spatiall  attention and eye movements. The main goal of the present research was to clarify 
thiss issue experimentally. To this end, we investigated age differences in the antisaccade 
task,task, a spatial inhibition task that requires the regulation of conflict between reflexive eye 
movementss in response to task-relevant abrupt onset cues on the one hand, and controlled 
eyee movements toward a target location on the other hand. A major benefit of focusing on 
eyee movements instead of covert attention shifts is that it allows one to distinguish be-
tweenn several performance indexes such as the time to initiate eye movements, the number 
off  incorrect, prepotent eye movements, and the time needed to correct them. 

TheThe antisaccade task. 
Inn the antisaccade task (Hallet, 1978), participants are required to suppress a re-

flexivee saccade toward a peripherally presented, abrupt onset cue and instead produce a 
controlledd antisaccade in the opposite direction. In the version of the task that we used, 
thee cue is subsequently replaced by a briefly presented target in the diametrically opposed 
location,, and the additional instruction is to perform a manual two-choice discrimination 
responsee on the basis of the target identity (see, e.g., Guitton, Buchtel, & Douglas, 1985; 
Robertss et al., 1994). Importantly, the cue serves as a reliable indicator of the target loca-
tion,, prompting participants to produce fast antisaccades to optimize choice performance. 
Thee prosaccade task, in which the target follows the cue in the same location, has pro-
videdd an elegant control condition, requiring people to make a simple visually guided sac-
cade.. The use of this control condition allows the exclusion of an interpretation of age 
differencess in terms of differences in peripheral acuity, because the cue has equal percep-
tuall  qualities in the experimental and control condition. 

Thee basic findings with the prosaccade and the antisaccade task are straightfor-
ward.. First, the prevalence of reflexive direction errors in the antisaccade task is relatively 
high,, whereas in the prosaccade task participants rarely make errors. Second, the saccadic 
reactionn time (SRT) of correct antisaccades is slower than the SRT of correct prosaccades. 
Thesee findings are invariant across different participant populations and experimental de-
signss (see, e.g., Everling & Fischer, 1998) and are thought to reflect (a) the difficulty in 
overcomingg the tendency to make a reflexive eye movement toward the abrupt onset 
(Robertss et al., 1994), and (b) the increased time needed to generate a voluntary saccade 
(i.e.,, to an empty location) compared to a visually guided saccade (Guitton et al., 1985). 
Wee turn now to a review of the literature on aging and the antisaccade task before describ-
ingg our experiments. 

AgingAging and the antisaccade task 
Itt has been known for a long time that, consistent with performance on other mo-

torr tasks, older adults show longer reaction times than younger adults when asked to direct 
theirr eyes toward visual signals (e.g., Carter, Obler, Woodward, & Albert, 1983; Fischer, 
Biscaldi,, & Gezeck, 1997). However, investigation of age-related performance on antisac-
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cadee tasks has started only recently. Surprisingly, these few studies have revealed only 
modestt evidence of age-related differences. Olincy, Ross, Youngd, and Freedman (1997) 
reportedd an age-related decline, specific to antisaccades, in both SRTs and accuracy of 
saccadee direction across the adult life span. However, caution should be taken with the 
interpretationn of these results because the participants in their experiment were tested for 
onlyy a few minutes without prior practice. In studies in which participants were tested and 
practicedd more extensively, younger and older adults showed comparable performance in 
termss of the percentage of reflexive direction errors in the antisaccade task (Munoz, 
Broughton,, Goldring, & Armstrong, 1998) and the extra time needed to initiate correct 
antisaccadess compared to prosaccades (Fischer et al., 1997; Munoz et al., 1998). 

Arguingg that cognitive limitations arise most clearly when the system is put to the 
test,, Butler, Zacks, and Henderson (1999) included a secondary target identification task 
inn order to force participants to generate rapid saccades, and compared a group of young 
adultss with a group of older adults aged 65-80. The secondary task consisted of a briefly 
presentedd target stimulus, presented 400 ms after cue onset at the cue location (prosaccade 
task)) or the opposite location (antisaccade task), requiring a nonspeeded manual response 
too its identity. With this version of the task, Butler et al. obtained evidence for an age-
relatedd deficit in suppressing reflexive eye movements, as measured by the percentage of 
eyee movements in the direction of the cue. However, as in the studies of Fischer et al. 
(1997)) and Munoz et al. (1998), the delay in initiating antisaccades compared to prosac-
cadess did not differ between age groups. Thus, Butler et al. concluded that the mechanisms 
neededd to generate a correct antisaccade may be preserved in older age1. 

However,, this account leaves unanswered the question why the increased diffi -
cultyy in suppressing a reflexive saccade was not expressed in an increased reaction time on 
trialss where the tendency was succesfully suppressed. The observed age equivalence in the 
additionall  time needed to produce an antisaccade may, however, be an outcome specific to 
thee procedure used by Butler et al. (1999). The target stimulus itself may have elicited a 
fastt reflexive saccade, thus reducing the overall average latency of antisaccades. If older 
adultss are more sensitive to reflexive eye movements (in this case toward the target stimu-
lus),, then they may have benefitted more than younger adults from this feature. This would 
havee led to an underestimation of older adults' antisaccade SRTs and consequently to an 
underestimationn of age differences in antisaccade speed. Importantly, an increased de-
pendencyy of antisaccade initiation on the exogenous support of the target, has been re-
portedd by Guitton et al. (1985) in frontal patients, and by Roberts et al. (1994) in young 
adultss under conditions of high cognitive load. We propose that a more accurate estimate 
off  antisaccade SRT may be obtained through the use of long intervals between cue and 
target,, which prevents visual guidance of the target stimulus. Thus, if older adults' initia-
tionn of antisaccades is somehow dependent on the exogenous support of the target, then a 
delayedd presentation of the target should result in delayed antisaccades. Therefore, we 
expectt that possible age differences in antisaccade speed —crucial to the controversy be-
tweenn the IPR hypothesis and the spatial-nonspatial hypothesis-- will become most appar-
entt under conditions of littl e exogenous support of the target, that is, at long cue-targets 
intervals. . 

Althoughh it may be that older adults sacrificed direction accuracy in order to produce faster an-
tisaccades,, such a speed-accuracy trade-off was deemed unlikely on the basis of the prosaccade data, which 
showedd equal error rates for younger and older adults. 
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TheThe present paradigm 
Inn our experiments, we studied horizontal and vertical pro- and antisaccades in a 

groupp of university students and in a group of healthy older adults. The paradigm is illus-
tratedd in Figure 2.1. Participants were instructed to maintain fixation until a salient cue (a 
procuee or anticue) briefly flashed in one of four locations. At cue onset, participants were 
too move their eyes as fast as possible either to the cued location or to the opposite location, 
dependingg on the instruction. After a variable stimulus onset asynchrony (SOA), a target 
wass presented in the target location for a very brief time, and participants were required to 
givee a nonspeeded manual two-choice response with respect to the identity of the target. 
SOAA was varied between 100 and 1,500 ms for two reasons. First, we intended to extend 
thee study of Butler et al. (1999), by examining the speed of older adults' antisaccades in 
bothh the presence and absence of support of the exogenous qualities of the target. If the 
olderr adults would be dependent on the exogenous triggering of the target in a similar 
fashionn as the frontal patients reported by Guitton et al., then their antisaccade perform-
ancee should be found to decrease with increasing time between the cue and the target. 
Shortt SOAs were also included in order to provide a motivation for participants to opti-
mizee their saccade speed (cf. Fischer et al., 1997; Munoz et al., 1998). 

Thee second reason for varying SOA was to obtain an index of the speed of shift-
ingg attention to the target location in response to procues and anticues. The rationale of 
thiss approach was that the time needed to direct attention to a certain location can be in-
ferredd from the accuracy of identifying targets at that location at various points in time 
(e.g.,, Gottlob & Madden, 1998). For example, fast shifts of attention should be evident in 
relativelyy high levels of target identification accuracy at short SOAs. Likewise, the time 
neededd to overcome the tendency to attend to anticues should manifest itself in relatively 
loww accuracy levels at the short SOAs. Following a method introduced by Zacks and 
Zackss (1993; Gottlob & Madden, 1998), we ensured that baseline accuracy of target detec-
tionn in an additional, neutral cue condition (i.e., in which the cue was not predictive of the 
targett location) was equalized across groups. This was accomplished by adjusting the tar-
gett duration on an individual level in the practice phase and taking the resulting duration 
ass initial duration in the experimental cue conditions. Under the assumption that the neu-
trall  and experimental cue conditions differed only in the possibility to shift attention in 
advancee of the target, this method enabled us to investigate age differences in the speed of 
attentionn shifts and the time course of inhibition thereof, while controlling for sensory and 
motorr differences that usually contribute to main effects of age. 

Iff  we were able to demonstrate that potential age-related difficulties in inhibiting 
thee tendency to attend to abrupt onsets are not confined to a specific effector system (i.e., 
thee oculomotor system), but do also apply to shifts of attention, this would promote the 
generalizationn of our results to other output modalities. This demonstration may seem triv-
iall  since studies that have examined the relationship between visuospatial attention and eye 
movementss have often found an intimate coupling between the programming of saccades 
andd shifts of visual attention (e.g., Hoffman & Subramaniam, 1995; Rizzolatti, Riggio, & 
Sheliga,, 1994). However, recent research with the antisaccade task suggests that attention 
mayy often move in the intended direction even though concurrently a reflexive eye move-
mentt is being made in the wrong direction (Mokler & Fischer, 1999; Deubel, Mokler, 
Fischer,, & Schneider, 1999). 
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FigureFigure 2.1. Example of sequence of events for an anticue trial in Experiment 1 (A) and 
ExperimentExperiment 2 (B). See text for actual size. Participants fixated on the central cross. A cue 
thenthen appeared for 67 ms. After a variable stimulus onset asynchrony, starting at cue on-
set,set, the target appeared for a variable duration before being masked. 

2.2.. Experiment 1 

2.2.1.. Method 

Participants Participants 
Eighteenn young (10 women and 8 men) and 18 older (10 women and 8 men) 

adultss participated in this experiment. The young participants, ranging in age from 18 to 
255 years (Mage = 20.3, SD = 1.8), were undergraduate students at the University of Am-
sterdamm and received course credits for their participation. The older participants ranged 
inn age from 59 to 80 years (Mage = 68.9, SD = 6.2) and were paid for their participation. 
AA standard health questionnaire revealed that none of the older participants had serious 
healthh problems or were using psychoactive medication. Also, all older participants were 
relativelyy healthy and alert according to self-report and were living independently in their 
ownn homes. Their mean years of education was 10.7. 

ApparatusApparatus and stimuli 
Stimulii  were presented on a black computer screen. The fixation display con-

sistedd of a central fixation cross, subtending 0.7°, surrounded by four boxes that were 
symmetricallyy positioned above, below, to the left and right of the cross. The boxes each 
subtendedd 4.3°, both horizontally and vertically, and the visual angle between fixation and 
thee center of each box was 9.0°. Cues were yellow circles, subtending 1.5°, and were pre-
sentedd in the center of a box. The target consisted of a schematic face in the shape of a 
circlee with a diameter equal to the length of the side of a box. The mouth, which differen-
tiatedd between a happy and a sad face, subtended 1.5 X 0.5°. Eye movements were re-
cordedd with an infrared-based iView eye tracker (SMI, Berlin, Germany) with 50 Hz tem-
porall  resolution and a < 0.1 degree spatial resolution. The head was stabilized by means of 
aa chin rest, which was located 40 cm from the monitor. 
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Design Design 
Theree were two experimental cue conditions: (a) the procue condition in which 

thee face appeared in the cued box, and (b) the anticue condition in which the face appeared 
inn the box opposite from the cued box. In addition, there was a neutral control condition in 
whichh each of the boxes was cued at the same time, and accordingly, participants received 
noo information about the location of the target. After having received practice with each of 
thee conditions, participants entered the experimental phase, which consisted of four sets of 
fourr blocks. Cue condition (procue or anticue) was held constant within each set and was 
variedd across sets according to an ABBA design with half of the participants starting in the 
procuee condition. One third of the trials in each block was in the neutral condition. These 
trialss were randomly intermixed with the experimental trials. The first of every four blocks 
consistedd of 24 trials, all of which were discarded because of carry-over effects from the 
otherr cue condition. The other three blocks consisted of 60 experimental trials each. Five 
SOAss (100, 300, 600, 1000, or 1,500 ms) were used. On the basis of pilot work, these 
weree thought sufficient to capture the dynamics of the visual attention shifts. SOA was 
randomlyy varied within blocks, but the percentage of trials with each SOA was controlled 
too yield approximately 27% trials with each of the two shortest SOAs, 20% with the inter-
mediatee SOA, and 13% with each of the two longest SOAs2. Cue location was randomly 
determinedd on each trial. 

Procedure Procedure 
Thee experiment involved one session, which lasted approximately 2 hr. Before 

thee start of each experimental set, participants fixated three series of five calibration tar-
getss that were presented on the screen, one at a time and in the shape of a plus symbol. 
Thee i View system was calibrated by computing the linear regression of target location on 
thee average eye-position signal. Following calibration, participants received a practice set 
off  4 blocks, each of 90 trials, before entering the experimental phase. In the second and 
thirdd block, they received practice with the procue and anticue condition, respectively. The 
firstt and the fourth block consisted of only neutral condition trials. 

Beforee the experiment, participants received written instructions to direct their 
eyess at fixation at the start of each trial. After a fixed duration of 1300 ms, the fixation 
pointt disappeared and, after a gap period of 200 ms, the cue was briefly presented for 67 
ms.. This gap between fixation point and cue allows for faster prosaccadic reaction times 
(whichh is generally referred to as the gap effect) and results in more reflexive direction 
errorss in the antisaccade task (Fischer & Weber, 1993). Participants were instructed to 
movee their eyes to the target location as soon as possible in order to improve their accu-
racyy scores. After a variable SOA, starting at cue onset, the face was displayed until a 
(nonspeeded)) response was registered by the computer keyboard. Response keys, "v" for 
happyy and "n" for sad, were operated by the left and right index fingers. Importantly, the 
discriminativee feature of the face, the mouth, was masked after an individually calibrated 
duration.. The practice phase was used to determine the time that the mouth should be dis-
played,, before being masked, in order to yield 67% correct responses with the neutral cue 
forr that particular participant. This was done by means of a staircase tracking algorithm. 
Thee resulting target duration was used as initial duration in the experimental phase, but, if 

Thee estimated variance of the proportion of correct manual responses for each SOA was 
(p(p * (1-p)) /«, where p is the probability of a correct response, and n is the number of trials. Because/? increased 
withh SOA, we needed fewer trials at the long SOAs than at the short SOAs in order to obtain a similarly reliable 
estimatee of the percentage of correct responses. 
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necessary,, target duration was adjusted at the start of a new experimental set with the aim 
off  maintaining participants at a 67% accuracy level in the neutral cue condition. Mean 
targett duration differed between age groups [123 ms for the young and 213 ms for the 
olderr adults, F(l,34) = 18.3, p < .001]. Before the start of each block, participants were 
informedd about the upcoming cue condition. At the end of each block, feedback about 
manuall  response accuracy was presented on the computer screen. Finally, a rest break of 
100 min was allowed after the training phase and after the second experimental set for 
youngg adults. Older adults had a rest break after each experimental set. 

2.2.2.. Results 

Inn both experiments, p values were corrected using the Greenhouse-Geisser ad-
justmentt of degrees of freedom when necessary. 

ManualManual response accuracy 
Thee analysis of the manual response data included all experimental trials. Table 

2.11 shows the response accuracy data for both groups as a function of cue condition and 
SOA.. For young adults, accuracy in both cue conditions quickly approached a high asymp-
toticc level, although the cuing effect, the difference between prosaccade and antisaccade 
accuracy,, appeared to persist for about half a second. A comparison with the two functions 
off  the older adults revealed clear age deficits, both in the steepness and in the asymptotic 
levell  of the functions. This was especially evident for the anticue condition, causing the 
cuingg effect of older adults to persist for more than 1 s. Indeed, unlike for young adults, 
thee anticue function for older adults remained at the neutral control level for at least 300 
ms,, suggesting a much stronger tendency for the cue to pull attention to the wrong loca-
tion. . 

TableTable 2.1: Manual Accuracy (in Percentages) for Younger and Older Adults as a Func-
tiontion of Cue Condition and SOA (in ms) in Experiment 1 

%% correct 

SOA A Neu u 

Young g 

Proo Anti Effectt Neu 

Old d 

Proo Anti Effect t 

100 0 
300 0 
600 0 

1000 0 
1500 0 

58 8 
68 8 
68 8 
61 1 
68 8 

69 9 
89 9 
97 7 
96 6 
97 7 

60 0 
78 8 
95 5 
97 7 
97 7 

9 9 
11 1 
2 2 
-1 1 
0 0 

61 1 
65 5 
68 8 
66 6 
66 6 

74 4 
83 3 
91 1 
94 4 
92 2 

60 0 
65 5 
81 1 
88 8 
91 1 

14 4 
18 8 
10 0 
6 6 
1 1 

Note:Note: SOA = stimulus onset asynchrony; Neu = neutral cue condition; pro = procue 
condition;condition; Anti = anticue condition; Effect = cuing effect (pro-anti). Standard errors in 
thethe experimental cue conditions ranged between 0.6-2.0 (Mdn = 1.1) for younger adults 
andand between 1.2-2.4 (Mdn = 1.9) for older adults. 
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Trialss from the neutral cue condition were analyzed separately using a two-way 
ANOVAA with age as between-subjects factor and SOA as within-subjects factor. The 
staircasee tracking procedure was successful in equating both age groups in the neutral 
condition,, as indicated by a nonsignificant main effect of age, F(l,34) < 1. The main effect 
off  SOA was significant, F(4,136) = 9.6, MSE = 45.89, p < .001, but the performance pat-
ternn across SOA was similar for both age groups, F(4,136) = 2.1, MSE = 45.89, p > .05. 
Thee effect of SOA was due mainly to the relatively low accuracy at the shortest SOA. We 
believee that this is an instance of forward masking by light (see, e.g., Kahneman, 1968), in 
thiss case of the highly illuminant cue. Note that this masking effect might have caused an 
underestimationn of the cuing effect for both age groups at the shortest SOA, because it 
hamperss target detection in the procue condition where the target replaces the cue but not 
inn the anticue condition where cue and target appear in different locations. 

Forr the main analysis of manual response accuracy, the data were submitted to a 
three-wayy ANOVA with age as between subjects factor and SOA and cue condition as 
within-subjectss factors. All three main effects and all three two-way interactions were 
highlyy significant, p < .001. Taken across the two cue conditions, the young adults (M = 
87%)) were more accurate than the older adults (M= 82%), F(l,34) = 20.7, MSE = 128.97, 
indicatingg that the former group shifted their attention more efficiently in response to in-
formativee cues. As expected, accuracy was significantly lower in the anticue condition (M 
==  81%>) than in the procue condition (M = 87%), F(l,34) = 95.3, MSE = 45.22, and, im-
portantly,, this cuing effect was more pronounced for the older adults (Ms = 77% vs. 87%) 
thann for the young adults (Ms = 85% vs. 89%), F(l,34) = 14.8, MSE = 45.22. The factor 
SOAA showed a significant main effect, F(4,136) = 290.5, MSE = 38.37,/? < .001, and en-
teredd in a reliable interaction with cue condition, F(4,136) = 21.0, MSE = 30.74, reflecting 
aa slower rise in accuracy in the anticue condition. The three-way interaction, indicating 
howw the development of the cuing effect over time differs between age groups, failed to 
confirmm the impression that older adults needed longer SOAs than younger adults to attain 
asymptotee accuracy in the anticue condition, F(4,136) = 1.2, MSE = 30.74, p = .3, ob-
servedd power = .30. 

EyeEye movement indexes 
Fromm the eye movement data, several dependent measures were determined off-

line.. Saccadic reaction times (SRTs) were defined as the time, relative to the onset of the 
cue,, at which the velocity signal exceeded 257sec and the position signal exceeded 2.5°. 
Thee definition of direction errors was limited to those trials in which the first saccade was 
inn the opposite direction from the target stimulus. Corrective saccades were defined as 
thosee saccades that followed a direction error and were opposite in sign from the erratic 
saccade.. Finally, saccadic correction time (SCT) was defined as the time between the on-
sett of the direction error and the onset of the corrective saccade. Initial analyses showed 
thatt horizontal saccades were faster and more error prone than vertical saccades. However, 
unlesss explicitly mentioned, saccade dimension (i.e., horizontal or vertical) did not interact 
withh any of the main independent variables and was therefore excluded as factor in follow-
upp ANOVAs. 

DiscardedDiscarded data 
Trialss from the neutral cue condition were not included in the eye movement 

analyses.. Further, for various reasons, some trials from the experimental cue conditions 
weree discarded. First, trials were discarded if no saccade was made after cue onset. This 
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ledd to a data loss of 1.5% and 1.9% for the young and older adults, respectively. Second, 
trialss with SRTs less than 80 ms were classified as anticipations (e.g., Fischer et al., 1997) 
andd were also excluded. This resulted in a loss of 2.9% and 7.1% for the young and older 
adults,, respectively. Third, trials were discarded in which the primary or secondary sac-
cadee moved along the irrelevant dimension. This led to a data loss of 5.6% and 14.7% for 
thee young and older adults, respectively. An ANOVA revealed that the remaining subset 
off  the experimental trials showed no systematic differences in behavioral measures with 
thee overall dataset. One older and one younger participant were excluded from the analysis 
off  error SRTs and SCTs because they made too few errors to obtain reliable averages. 
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FigureFigure 2.2. Eye movement indexes for younger and older adults as a function of cue con-
ditiondition and stimulus onset asynchrony in Experiment 1. (A) Correct saccadic reaction 
timestimes (SRTs). (B) Percentage of direction errors. (C) SRTs of direction errors. (D) Sac-
cadiccadic correction times (SCTs). 

SaccadicSaccadic reaction times 
Thee upper left panel of Figure 2.2 presents mean correct SRT for the two age 

groupss in both cue conditions. Two findings seem especially noteworthy. First, the age-
relatedd slowing of SRTs manifest in prosaccades was more pronounced in antisaccades. 
Second,, the antisaccades of the older group exhibited a marked increase in SRT with 
SOA,, suggesting that older adults' antisaccade performance was somehow supported by 
thee onset of the target. 



InhibitoryInhibitory inefficiency and failures of intention activation 35 5 

Ann ANOVA produced significant main effects of age (young, M = 277 ms; older, 
MM = 478 ms), F(l,34) = 43.6, MSE = 83,330.95, cue condition (pro, M = 301 ms; anti, M 
==  455 ms), F(l,34) = 169.7, MSE = 12,632.66; and SOA, F(4,136) = 23.7, MSE = 
9,571,23,, allps < .001. The main effect of SOA was qualified by the interaction with age, 
F(4,136)) = 10.6, MSE = 9,571.23, p< .001, and cue condition, F(4,136) = 7.9, MSE = 
4,669.99,, p < .001. These interactions and the significant three-way interaction, F(4,136) 
== 6.9, MSE = 4,669.99, p < .001, support the view that the SOA effect was due mainly to 
thee slowing with SOA of older adults' antisaccades. Finally, there was a reliable interac-
tionn between age and cue condition, F(l,34) = 20.1, MSE = 12,632.66, p < .001, confirm-
ingg the impression that the amount of age-related slowing was more evident for antisac-
cadess (Ms = 328 ms vs. 582 ms) than for prosaccades (Ms = 227 ms vs. 375 ms). 

Ann important question refers to the extent to which age-related effects on antisac-
cadee performance are unique to the speed of antisaccades. There is an impressive literature 
suggestingg that age-related differences in a variety of cognitive measures are mediated by 
agee differences in such general factors as working-memory capacity or simple processing 
speedd (see, e.g., Salthouse, 1996). To investigate to what extent the slowing of antisac-
cadess in the older age group could be explained by an age-related decline in simple proc-
essingg speed, we took the following steps. The additional time consumed by the control 
processess engaged in the generation of antisaccades vis-a-vis prosaccades is reflected most 
directlyy in the difference between antisaccade SRT and prosaccade SRT, because this dif-
ferencee measure does not include overhead factors such as saccade initiation and move-
mentt time. If age has a deteriorating effect on the speed of these control processes that 
exceedss the global effect of age on the speed of all cognitive operations, then an age effect 
onn the difference measure should remain present after partialing out the age effects on ba-
sicc processing speed. The most direct measure of basic processing speed in the present 
contextt is prosaccade SRT. Thus, we computed the total variance in the difference meas-
uree as explained by age, and then determined what proportion of this total age-related 
variancee was explained uniquely by age after partialing out the age-related variance in 
basicc processing speed (following the statistical control procedures suggested by 
Salthouse,, 1996). In this experiment, this proportion (.67) was considerably greater than 
zero,, thus justifying an interpretation of the observed age effects in terms of the control 
processess of interest, rather than in terms of global slowing. 

DirectionDirection errors 
Thee upper right panel of Figure 2.2 shows the percentage of direction errors for 

bothh age groups as a function of age group. As expected, participants made virtually no 
directionn errors in the procue condition. We analyzed only the trials from the anticue con-
dition.. The main effect of SOA was significant, F(4,136) = 5.3, MSE = 161.33, p < .005, 
ass was the interaction among SOA and age, F(4,136) = 2.6, MSE = 161.33, p = .05, indi-
catingg a steady rise with SOA of the percentage of direction errors for older adults. Similar 
too the increase in correct antisaccade RT with SOA, this seems to suggest that the initia-
tionn of some potential errors was cancelled in time by the onset of the stimulus in the tar-
gett location. Together, this resulted in a nonsignificant main effect of age, F(l,34) = J,p 
>>  .4. As already mentioned, horizontal saccades were more error prone than vertical sac-
cades,, F(l,34) = 13.9, MSE = 206.89, p < .001. To our surprise, the dimension factor 
showedd an interaction with age group, ^(1,34) = 26.2, MSE = 206,89,/? < .001: Whereas 
comparedd with the young group, the older adults made far more horizontal direction er-
rors,, the vertical errors showed virtually no trace of such an age effect. 
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Thee lower left panel of Figure 2.2 presents SRTs of direction errors, which, as expected, 
weree much faster than the SRTs of correct saccades, as confirmed by a separate t test, 
/(1,35)) = 6.7, p < .001. An ANOVA showed that the main effect of age was again signifi-
cant,, F(l,32) - 10.9, MSE = 18,677.00, p < .005, indicating slower error SRTs for the 
olderr group. The main effect of SOA was also highly significant, F(4,128) = 6.5, MSE = 
5,626.89,, p < .001, and although, again, the older adults showed a more notable effect of 
targett onset time, the interaction with age was not significant, F(4,128) = 1.3, p = .28. 

Finally,, mean saccadic correction times are depicted in the lower right panel of 
Figuree 2.2. Most notably, the older group showed a dramatic increase in SCT with SOA. 
Wee found main effects of both age, F(l,32) = 18.2, MSE= 64,489.34,/? < .001, and SOA, 
F(4,128)) = 11.9, MSE = 29,459.96, p < .001, the latter effect suggesting that the correction 
off  direction errors was quickened by the appearance of the target stimulus. Indeed, as was 
thee case with most of the dependent measures, the effect of SOA was qualified by a mar-
ginal,, interaction with age, F(4,128) = 2.6, MSE = 29,459.96, p = .07, indicating that older 
adultss benefited the most from the exogenous triggering qualities of the target. To investi-
gatee whether older adults' sizeable SCTs at the longer SOAs were a mixture of relatively 
fast,, voluntary corrections and slow corrections triggered by the onset of the target, we 
computedd for both groups the percentage of voluntary corrective saccades at each SOA. 
Assumingg that onsets faster than 80 ms after target onset could be considered voluntary, 
wee found percentages of 0%, 81%, 97%, 96% and 95% with increasing SOA for the young 
adults,, and percentages of 0%, 38%, 77%, 92% and 100% for the older adults. Clearly, 
thesee percentages reject the mixture hypothesis raised above. Moreover, although older 
adultss produced more visually guided corrections at the intermediate SOAs than younger 
adults,, this may be explained at least in part by their increased error SRT. 

2.2.3.. Discussion 

Thee results of Experiment 1 confirm the basic findings usually obtained in the an-
tisaccadee paradigm. First, anticues were effective at inducing a prepotent response ten-
dency,, as indicated by a substantial amount of direction errors for both younger and older 
adults.. In contrast, performance in the procue condition posed no problems for either 
groupp of participants. Second, it took participants longer to initiate antisaccades than 
prosaccadess and corrective saccades. This result is consistent with the idea that it takes 
somee time to override the reflexive pull of the cue. Finally, latencies of direction errors in 
thee antisaccade task were faster than latencies of correct prosaccades, suggesting that at 
leastt some portion of these for eye movements were emitted in a purely reflexive fashion. 

Thee main purpose of Experiment 1 was to examine age-related differences in an-
tisaccadee task performance in order to investigate whether the IPR hypothesis of aging 
extendss to tasks requiring the active suppression of a spatial response. We found that, at 
leastt in the absence of immediate support of the exogenous qualities of the target (i.e., at 
longerr SOAs), older adults appeared to have more difficulties than younger adults sup-
pressingg saccades toward the abrupt onset cue. This was evident in the percentage of direc-
tionn errors, which was higher for older adults than for younger adults. In addition, and in 
contrastcontrast to previous research (e.g., Butler et al., 1999), we found that the control processes 
specificc to antisaccade task performance were prolonged in older age. Importantly, only a 
minorr part of the age-related variance in the duration of these processes could be ex-
plainedd in terms of generalized slowing. We argue that the slowing of antisaccades reflects 
inn part the increased problems that older people experience at inhibiting the prepotent re-
sponse.. Note, however, that the requirement to inhibit the reflexive eye movement in the 
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antisaccadee task is confounded with the necessity to generate a voluntary eye movement, 
whichh may also show an impairment with age. Indeed, this is suggested by our finding that 
olderr participants showed dramatically increased saccadic correction times at the longer 
SOAs,, almost all of which were voluntary, that is, in advance of the target. 

Thee present results provide a demonstration that the notion of selective age-
relatedd sparing of spatial inhibition is not generally valid. Rather, it appears that the well-
documentedd age deficit in the inhibition of prepotent responses also applies to the active 
inhibitionn of spatial responses. Importantly, this finding does not seem to be restricted to 
thee inhibition of the oculomotor system. In general, the eye movement results paralleled 
agee differences in the speed of spatial attention shifts, as measured by the accuracy of tar-
gett detection. The cuing effect, defined as the difference between manual response accu-
racyy in the antisaccade task and the prosaccade task, was larger for older than for younger 
adults.. Presumably, older adults were less capable of overriding the automatic orienting 
responsee with a voluntary attention shift away from the cue. 

Onee remaining issue that we discuss concerns the finding that antisaccade per-
formancee of older adults became progressively worse with increasing intervals between 
cuee and target. If the target appeared almost immediately after the cue, then older adults 
displayedd faster antisaccades and fewer direction errors than if the SOA were relatively 
long.. Apparently, their antisaccade performance was dependent on the support of the tar-
get,, which by definition indicated the destination of the required eye movement. Only 
whenn given ample time (i.e., at the longest SOAs) did older adults manage to initiate many 
off  their antisaccades before target onset. Importantly, our finding supports the notion that 
thee reported age equivalence in antisaccade SRT in Butler et al.'s (1999) study may be due 
too the use of a relatively short and fixed SOA. Moreover, a related finding was reported by 
Guittonn et al. (1985), who studied the performance of frontal lobe patients in the antisac-
cadee task. Compared with age-matched controls, these patients' direct antisaccades as well 
ass their corrective saccades after direction errors were more often triggered by the appear-
ancee of the target, suggesting that they experienced problems at initiating saccades toward 
ann empty location. Indeed, the need for strong retrieval cues to guide behavior has been 
associatedd with both healthy aging and frontal lobe pathology (e.g., Duncan, Emslie, Wil-
liams,, Johnson, & Freer, 1996; Maylor, 1996). It could be argued, then, that the true age 
deficitt in antisaccade performance -thought to reflect older adults' inherent limitations in 
thee ability to reconcile the conflict between a prepotent response and a desired, voluntary 
response—— is only visible at long SOAs (cf. Butler et al., 1999). 

Theree is, however, an alternative interpretation of the SOA pattern obtained for 
thee older adults in our experiment. It is possible that even if older adults were, in principle, 
capablee of using the cue to produce fast and accurate antisaccades, they might not always 
usee this ability. For reasons discussed below, we label this possibility the intention-
activationactivation hypothesis (cf. De Jong, Berendsen, & Cools, 1999). Note that effective use of 
thee opportunity to shift the eyes in advance of the target was optional, because the present 
designn allowed saccades to be visually guided by the target, which in most instances ap-
pearedd very soon after the cue. Such a passive performance mode would explain the strong 
correlationn between older adults' antisaccade speed and SOA. If, by neutralizing the trig-
geringg effect of the target, older adults were forced to move their eyes on the basis of the 
cue,, they might become faster in the anticue condition. Assuming that the intention-
activationn hypothesis does not apply to younger adults, such a speed-up of older adults' 
performancee in the anticue condition would be apparent in reduced age differences in the 
speedd of direct antisaccades, corrective saccades, and in thee size of the cuing effect. This is 
whatt we set out to investigate in Experiment 2. 
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2.3.. Experimen t 2 

Thee primary objective of Experiment 2 was to evaluate the above raised inten-
tion-activationn hypothesis of the results of the older adults in Experiment 1. To attain this 
goal,, we chose a design that was identical to Experiment 1 with one exception. To neutral-
izee the unique exogenous qualities of the target, we presented three distractors in the target 
display.. These distractors were similar to the target, except that they lacked a distinguish-
ingg feature (i.e., the mouth), and they were presented at the same time as the target in the 
threee remaining possible target locations. The manipulation of the target display necessi-
tatedd the use of the cue in order to produce task-relevant eye movements and thus to per-
formm above chance level in the target detection task. This allowed us to examine age dif-
ferencess in the initiation of purely voluntary antisaccades. The general prediction derived 
fromm the intention-activation hypothesis was that in Experiment 2 older adults would 
choosee a different performance mode and would more often use the cue, compared with 
thee older adults in Experiment 1. The performance benefit associated with this change in 
performancee mode should be apparent in smaller age differences in the speed of voluntary 
eyee movements (i.e., direct antisaccades and corrective saccades) and attention shifts (i.e., 
thee cuing effect). 

2.3.1.. Method 

Participants Participants 
Sixteenn young (12 women and 4 men) and 16 older (12 women and 4 men) adults 

participatedd in this experiment. None of them had participated in Experiment 1. The young 
participants,, ranging in age from 18 to 25 years (M age = 21.1, SD = 1.9), were under-
graduatee students at the University of Amsterdam and received course credits for their 
participation.. The older participants ranged in age from 61 to 79 years (Mage = 68.6, SD 
== 5.3) and were paid for their participation. The data from one older participant were dis-
cardedd because she was not able to fixate at the start of a trial. The data from another old 
participantt were discarded because he was unable to respond above chance level in the 
experimentall  conditions. Both participants were replaced. A standard health questionnaire 
revealedd that none of the older participants had serious health problems or were using psy-
choactivee medication. Also, all older participants were relatively healthy and alert accord-
ingg to self-report and were living independently in their own homes. Their mean years of 
educationn was 12.1. All of the young and older participants had far and near visual acuities 
off  at least 0.5 as measured by Snellen charts. 

ApparatusApparatus and stimuli 
Apparatuss and stimuli were the same as in Experiment 1. The distractors were 

faces,, identical to the target, but without a mouth (see Figure 2.1). 

DesignDesign and procedure 
Designn and procedure were the same as in Experiment 1 with the following ex-

ceptions.. The distractors were presented and masked at the same time as the target face. 
Noo distractors were presented on neutral cue trials. Participants received the same amount 
off  practice as in Experiment 1, initially without distractors in order to gradually build up 
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taskk complexity. Mean target duration was 133 ms for the young and 215 ms for the older 
adults,, F( 1,30)= 15.2,p < .001. 

2.3.2.. Results 

ManualManual response accuracy 
Thee analysis of the manual response data included all experimental trials. Table 

2.22 shows the response accuracy data for both groups as a function of cue condition and 
SOA. . 

Thee data from the neutral cue condition were analyzed separately. The staircase 
trackingg procedure was successful at equating both age groups in the neutral condition, as 
indicatedd by the lack of an effect of age, F(l,30) < 1. The main effect of SOA was signifi-
cant,, F(4,120) = 7.4, MSE = 52.57,p < .001. This was again due to the low accuracy at the 
shortestt SOA, probably reflecting forward masking of the cue. As in Experiment 1, this 
performancee pattern across SOA was similar for both age groups, F(4,120) = 2.1, MSE = 
52.57,, /?>. !. 

TableTable 2.2: Manual Accuracy (in Percentages) for Younger and Older Adults as a Func-
tiontion of Cue Condition and SOA (in ms) in Experiment 2 

%% correct 

SOA A Neu u 

Young g 

Proo Anti Effectt Neu 

Old d 

Proo Anti Effect t 

100 0 
300 0 
600 0 
1000 0 
1500 0 

57 7 
66 6 
70 0 
69 9 
68 8 

61 1 
82 2 
93 3 
95 5 
96 6 

55 5 
68 8 
91 1 
95 5 
95 5 

6 6 
14 4 
2 2 
0 0 
1 1 

64 4 
68 8 
68 8 
67 7 
69 9 

61 1 
75 5 
87 7 
89 9 
92 2 

54 4 
63 3 
82 2 
91 1 
91 1 

7 7 
12 2 
5 5 
-2 2 
1 1 

Note:Note: SOA = stimulus onset asynchrony; Neu = neutral cue condition; pro = 
procueprocue condition; anti = anticue condition; Effect = cuing effect (pro-anti). Standard 
errorserrors in the experimental cue conditions ranged between 1.1 - 2.4 (Mdn = 1.6) for 
youngeryounger adults and between 1.3-3.5 (Mdn = 2.5) for older adults. 

Thee data from the experimental cue conditions showed two important departures 
fromm Experiment 1. First, in the absence of support from the exogenous qualities of the 
target,, both age groups showed decreased manual accuracy levels at the two shortest SO As 
comparedd to Experiment 1. Second, in constrast to the younger adults who showed similar 
cuingg effects as in Experiment 1, the older adults revealed a marked reduction in the size 
off  the cuing effect. This finding was supported by the absence of an interaction between 
agee group and cue condition, F(l,30) = .01, MSE = 124.50,/? > .9. The other main effects 
andd interactions were similar to Experiment 1. We will suffice here with a list of the statis-
ticss of these effects: age group (young, M= 83%; older, M = 79%), F(l,30) = 7.0, MSE = 
244.53,, p < .05; Cue condition (pro, M= 83%; anti, M = 79%), F(l,30) = 13.0, MSE = 
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124.50,, p < .005; SOA, F(4,120) - 229.0, MSE = 67.54, p<.00\; Cue Condition X SOA, 
F(4,120)) = 14.2, MSE = 29.26, p < .001; three-way interaction, F(4,120) - .5, MSE = 
29.26,, p = .7. The effect of the target-display manipulation on the age difference in the 
sizee of the cuing effect was further confirmed by an additional between-experiments analy-
sis,, which showed a significant Experiment X Age Group X Cue Condition interaction, 
F(l,F(l, 64) = 4.1, MSE = 82.38,p < .05. 

DiscardedDiscarded data 
Forr various reasons, some trials from the experimental cue conditions were dis-

carded.. First, trials were discarded if no saccade was made after cue onset. This led to a 
dataa loss of 0.2% and 0.8% for the young and older adults, respectively. Second, trials 
withh SRTs less than 80 ms were classified as anticipations and were also excluded. This 
resultedd in a loss of 2.9% and 4.8% for the young and older adults, respectively. Third, 
trialss were discarded in which the primary or secondary saccade moved along the irrele-
vantt dimension. This led to a data loss of 9.7% and 16.6% for the young and older adults, 
respectively.. An ANOVA revealed that the remaining subset of the experimental trials 
showedd no systematic differences in behavioral measures with the overall dataset. Finally, 
onee older and one younger participant were excluded from the analysis of error SRTs and 
SCTss because they made too few errors to obtain reliable averages. 

SaccadicSaccadic reaction times 
Thee presentation of distractors in the target display in Experiment 2 noticeably 

reducedd the SOA effect on older adults' antisaccade reaction times (see upper left panel of 
Figuree 2.3). This supports our notion that the older group in Experiment 1 made heavy use 
off  the triggering qualities of the target onset. In the present experiment the main effect of 
SOAA was still significant, F(4,120) = 2.2, MSE = 67.54, p < .001. This probably reflects 
ann aspecific alerting effect of the onset of the target display. In contrast to Experiment 1, 
however,, the two age groups did not statistically differ in the effect of SOA, F(4,120) = 
2.2,, MSE = 4797.73, p = . 13, observed power = . 38; or the interaction between cue condi-
tionn and SOA, F(4,120) = .9, MSE= 2156.12,/? - .45, observed power = .24. 

Interestingly,, the manipulation of the target display also seemed to have a disrupt-
ingg effect on the time to initiate saccades. This was especially evident for the younger 
adultss whose SRTs were slowed substantially compared with the young participants in 
Experimentt 1. The effect of age group on SRTs (Young: M= 409 ms; Older: M = 523 ms) 
wass nevertheless reliable, F(l,30) =13.1, MSE = 244.53, p < .005. Also, and most impor-
tant,, the effect of cue condition, F(l,30) - 64.2, MSE = 21255.83, p < .001, was more 
manifestt for the older (Ms = 432 ms vs. 615 ms) than for the younger adults (Ms = 370 ms 
vs.. 448 ms), F(l,30) = 10.1, MSE = 21255.83,p < .005, thereby replicating Experiment 1. 
Interpretationn of this age difference in terms of global slowing was not possible, because 
theree was virtually no correlation between basic processing speed and effect size (.08). A 
between-experimentss test yielded a nonsignificant interaction of Experiment X Age Group 
XX Cue Condition, F(l,64) < 1, indicating that the decrease in age effects on correct SRTs, 
ass observed in Experiment 2 (Experiment X Age Group: F(l,64) = 3.8, MSE = 81808.72, 
pp = .05), was similar for prosaccades and antisaccades. 
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DirectionDirection errors 
Thee upper right panel of Figure 2.3 shows the percentage of direction errors for 

bothh age groups as a function of SOA. As expected, participants made virtually no direc-
tionn errors in the procue condition. We analyzed only the trials from the anticue condition. 
Inn contrast to the previous experiment, there was no reliable difference between the per-
centagee of horizontal and vertical direction errors, F < \,p> .3. Nor was there a reliable 
interactionn between age group and dimension, F < 1, p > .4. As Figure 2.3 illustrates, Ex-
perimentt 2 succeeded in preventing visually guided support of the target at the short 
SOAs.. This was reflected by the lack of a main effect of SOA, F(4,120) = 1.3, p > .2 and 
thee absence of an interaction of age group and SOA, f(4,120) = 1.9, p > .1. Most impor-
tantly,, this resulted in a significant main effect of age group, F(\,30) = 7.9, MSE = 
2363.46,, p < .01, indicating that older adults were impaired at suppressing reflexive eye 
movementss toward the cue. 
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FigureFigure 2.3. Eye movement indexes for younger and older adults as a function of cue con-
ditiondition and stimulus onset asynchrony in Experiment 2. (A) Correct saccadic reaction 
timestimes (SRTs). (B) Percentage of direction errors. (C) SRTs of direction errors. (D) Sac-
cadiccadic correction times (SCTs). 

Thee lower left panel of Figure 2.3 presents SRTs of direction errors in the an-
tisaccadee task. Interestingly, SRTs of these direction errors were approximately twice as 
sloww as those observed in Experiment 1. Also, there was age equivalence in the SRTs of 
reflexivee errors, as confirmed by the lack of a main effect of age group, F(l,28) = A,p > 
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.5.. In line with other eye movement indices, the effect of SOA was not significant, 
F(4,112)) = 2.0,/?>.1 

Thee lower right panel of Figure 2.3 shows saccadic correction times after direc-
tionn errors in the antisaccade task. Note that the SCTs of older adults exhibit an entirely 
differentt pattern than in the previous experiment. Although the SCTs of the older group 
weree significantly slower than those of the young group, F( 1,28) = 13.1, MSE = 34559.51, 
pp < .05, this relatively small age difference did not grow larger with increasing SOA as in 
Experimentt 1. This observation, supported by the lack of an interaction between age group 
andd SOA, F(4,l 12) = .5, p > .6, is compatible with the intention-activation hypothesis of 
thee results of older adults in Experiment 1. A significant main effect of SOA, F(4,l 12) = 
2.2,, MSE = 16974.42, p < .05, indicated that SRTs were somewhat slower at the shortest 
SOO As. Finally, in line with the observed reduction of older adults' SCTs in Experiment 2, a 
between-experimentss analysis revealed a marginally significant interaction effect of ex-
perimentt and age group, F(l,64) = 3.2, MSE = 52569.71, p = .08, observed power = .42. 

2.3.3.. Discussion 

Thee results of Experiment 2 are consistent with the notion that older adults are 
lesss capable than younger adults of actively suppressing an unintended saccade toward a 
highlyy salient abrupt onset. As in the previous experiment, older adults misdirected their 
eyess to the abrupt onset more often and were slower at initiating correct antisaccades than 
youngerr adults. Unlike in Experiment 1, age differences in the percentage of direction er-
rorss were also present at short SOAs, reflecting the effect of the target display manipula-
tion,, which neutralized the exogenous quality of the target, and for saccades in the vertical 
dimension,, emphasizing the central nature of the inhibitory age deficit. Like in Experiment 
1,, older adults also displayed elevated SCTs, suggesting that they were impaired at the 
initiationn of voluntary antisaccades after an error. These results emphasize the robustness 
off  our findings in Experiment 1 and thus provide evidence in favor of the IPR hypothesis 
andd against the generality of the spatial-nonspatial hypothesis of inhibitory decline in older 
age. . 

Thee principal aim of Experiment 2 was to evaluate the intention-activation hy-
pothesiss by means of a between-experiments comparison of the target display manipula-
tion.. Although one should be aware of sampling error in comparing different groups of 
participants,, it seems unlikely that this caused the notable differences between Experiment 
11 and 2. Note that the intention-activation hypothesis predicted smaller age differences in 
thee present experiment compared to Experiment 1, Two performance indices in particular 
supportedd this prediction. First, in Experiment 2, the age difference in the speed of genera-
tionn of corrective saccades was substantially smaller than in Experiment 1. A similar trend 
wass present for direct antisaccades, but the interpretation of this finding was complicated 
byy the finding of an equivalent decrease in age differences in prosaccade speed. Second, in 
contrastcontrast to Experiment 1, both age groups showed similar attention cuing effects in Ex-
perimentt 2, suggesting age equivalence in the extra amount of time needed to overcome 
thee pull of an anticue and shift attention to the other side. 

Inn contrast with these speed measures, the display manipulation seemed, if any-
thing,, to increase the age difference in the number of direction errors in the antisaccade 
task.. Apparently, forced use of the cue speeded up older people's voluntary eye move-
mentss and attention shifts, but did not reduce their susceptibility to move their eyes toward 
it.. The notion that aging affects the time needed to activate relevant cue-action schemas 
butt not the sensitivity to the cue (as measured by a change in performance elicited by the 
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cue)) gains support by analogy to recent research on age differences in prospective mem-
ory.. Prospective memory is defined as the memory of future intentions and the ability to 
retrievee them and carry them out at the proper time. In laboratory studies of prospective 
memory,, the appropriate time is usually indicated by a cue signal prompting people to 
allocatee attention from an ongoing primary task to the carrying out of the memorized in-
tention.. In a typical prospective memory task, West and Craik (1999) found preserved cue 
sensitivityy in older age, as defined by the difference in primary task performance between 
trialss on which the cue failed to elicit the execution of a cue-action schema, and trials on 
whichh no cue was presented at all. In contrast, while being only minimally slowed in pri-
maryy task performance, older adults were much slower than younger adults in the initiation 
off  prospective responses. 

Thee broader implication of these results would seem to be that older adults more 
frequentlyy fail to maintain an intention to react to discrete imperative signals. In the an-
tisaccadee task this means that increasing age results in less efficient use of the opportuny 
too optimize task performance by means of a voluntary eye movement in response to the 
cue.. Indeed, the importance of intention-activation in the antisaccade task has been 
stressedd by Roberts et al. (1994) who noted that "... successful [antisaccade] performance 
seemss dependent on maintaining a high enough level of activation of the relevant self-
instructionss to make an eye movement to the opposite side at the moment the cue is pre-
sented""  (p. 391). Interestingly, our results show that failures in intention activation can be 
overcomee under conditions when cue use is mandatory. 

2.4.. General Discussion 

Thee present study focused on the influence of normal aging on the ability to sup-
presss automatic eye movements toward task-relevant, highly salient visual onsets. Accord-
ingg to the IPR hypothesis, this ability, as measured in the antisaccade task, should be vul-
nerablee to aging because it involves the active inhibition of an inappropriate, prepotent 
responsee tendency in favor of a task-relevant action (Roberts et al., 1994; West, 1996). 
Givenn that in the antisaccade task the cue is completely predictable and never primes the 
targett location, participants in this task are required to actively control their looking 
behaviorr and avoid shifting their eyes toward the cue. Furthermore, abrupt onset cues, as 
usedd in our study, are known to capture covert and overt attention in an automatic way 
(Theeuwes,, Atchley, & Kramer, 2000; Yantis, 1998), thus evoking a prepotent response 
tendency.. The tendency to foveate the cue is even more augmented by the relevance of cue 
locationn for proper task performance. 

Thee results were consistent with the IPR hypothesis of aging. Older adults were 
impairedd at actively suppressing prepotent eye movements toward task-relevant abrupt 
onsets,, as indicated by an increased percentage of inappropriate, reflexive saccades, and 
byy a task-specific slowing of antisaccade generation. Furthermore, the target-detection 
accuracyy results, reflecting the degree to which attention was focused on the target, were 
nicelyy in line with these eye movement findings. The age difference in the size of the cuing 
effectt indicated that older adults were less successful at preventing or overcoming the re-
flexivee pulling of attention by the peripheral cue. This suggests that the inhibitory prob-
lemss of older adults were not confined to eye movements but also applied to shifts of at-
tention,, which is in agreement with the notion that spatial attention usually accompanies 
eyee movements (e.g., Hoffman & Subramaniam, 1995; Rizzolatti et al., 1994). It should be 
noted,, however, that in our experiments attention shifts were always made in the presence 
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off  oculomotor activation. It remains an empirical question to what extent these findings 
generalizee to a setting where the deliberate control of strictly covert attention shifts is re-
quired.. Importantly, our results regarding eye movements and the associated attention 
shiftss are in clear contrast with previous studies suggesting age equivalence in the inhibi-
tionn of spatial orienting, and thus they provide evidence against the distinction between 
inhibitionn of spatial and nonspatial orienting as the crucial determinant of age-related dif-
ferencess in inhibitory function (Connelly & Hasher, 1993; Hartley, 1993; Pratt et al., 
1997).. Instead, they are consistent with the distinction between reflexively and actively 
controlledd inhibition as important predictor of age-related decline. 

Theree is some neurophysiological evidence for the existence of separate neural 
pathwayss supporting reflexively and actively controlled inhibition of spatial responses 
(see,, e.g., Rafal & Henik, 1994). Reflexive inhibition of spatial orienting is dependent on a 
primarilyy subcortical pathway through the superior colliculus. For instance, the superior 
colliculuss is well known to be intimately involved in generating inhibition of return (Pos-
ner,, Rafal, Choate, & Vaughan, 1985), inhibition of spatial location in covert (Posner & 
Petersen,, 1990) and overt (see Rizzolatti et a l, 1994) orienting toward peripheral stimuli, 
andd the maintenance of fixation (Munoz & Wurtz, 1992; Pratt et al., 1997), all of which 
havee been found to be resistant to normal aging. It may well be possible, then, that the 
subcorticall  brain structures involved in these reflexively controlled forms of inhibition are 
relativelyy less affected by the neuronal degeneration usually associated with older age. 
Indeed,, in contrast to most other brain structures the volume of the tectum (i.e., the part of 
thee midbrain that includes the superior colliculus) has been reported to shrink only slightly 
withh increasing age (for review, see Raz, 1996; Raz, 2000). 

Activee inhibition of responses, in general, is thought to be mediated by prefrontal 
structuress exerting control over subcortical reflexes (Roberts et al., 1994; West, 1996). 
Givenn that the neurological changes that accompany aging are known to occur earlier and 
too be more pronounced in the frontal lobes than in other regions of the brain (see, e.g., Van 
derr Molen & Ridderinkhof, 1998; West, 1996), it should perhaps not be surprising that 
olderr adults perform more poorly on frontal tasks than do younger adults (Kramer et al., 
1994;; West, 1996). Conversely, although there is abundant evidence for the existence in 
thee brain of two separate attention systems, an occipital-temporal pathway for the process-
ingg of identity information and an occipital-parietal pathway for the processing of or acting 
onn spatial information (see, for review, Milner & Goodale, 1995), we know of no neuro-
anatomicall  or neurophysiological studies indicating that these systems are differentially 
susceptiblee to aging. 

Thee distinction between two neural pathways, one for active and one for reflexive 
control,, is particularly relevant to eye movement tasks as those used in the present study. 
Replicatingg previous studies (Fischer et al., 1997; Munoz et al., 1998), we found relatively 
similarr reaction times of direction errors in the antisaccade task. Other researchers (Pratt et 
al.,, 1997) have reported age equivalence in the size of the gap effect, which is probably 
indicativee of an intact fixation system in older adults. Importantly, both the maintenance of 
fixationn and the control of rapid, reflexive eye movements, are known to be mediated by a 
subcorticall  pathway involving the superior colliculus (e.g., Schiller, 1998). In contrast, 
corticall  regions, including the frontal eye fields, supplementary eye fields, and dorsolateral 
prefrontall  cortex, subserve the generation of voluntary eye movements and the active inhi-
bitionn of reflexive eye movements, presumably by controlling the superior colliculus 
throughh the basal ganglia (see, for review, Everling & Fischer, 1998). Clearly, both of 
thesee purportedly frontal functions were found to be affected in our older adults. 
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Inn sum, in line with other eye movement studies our results support the notion of 
twoo parallel oculomotor pathways in the brain: One pathway that is reponsible for the cor-
ticallyy exerted top-down control of the superior colliculus and the initiation of voluntary 
eyee movements, which loses efficiency in older age. And another, primarily subcortical 
pathwayy for the control of rapid, reflexive eye movements, which appears age insensitive 
(seee Fischer et al., 1997, for a similar view). 

Contraryy to the expectation, on the basis of generalized slowing theory (e.g., 
Salthouse,, 1996), that the increased task complexity of Experiment 2 would add to the 
alreadyy existing age differences in Experiment 1, we found that when forced to use the cue 
(Experimentt 2), older adults' antisaccades and associated attention shifts were less slowed 
relativerelative to younger adults than when use of the cue was not mandatory (Experiment 1). 
Thee combined results from the two experiments are consistent with the hypothesis that the 
olderr adults in Experiment 1 had problems maintaining a sufficiently high level of inten-
tionn activation during the experiment. Experiment 2 indicated that these problems can, in 
principle,, be overcome. This intention-activation account is consistent with the growing 
bodyy of literature reporting age-related decline in a variety of prospective memory tasks 
(e.g.,, Duncan et al., 1996, Experiment 2; West & Craik, 1999), indicating that older adults 
havee a harder time keeping intentions sufficiently activated over time. Importantly, several 
authorss have emphasized the role of the frontal lobes in tasks requiring the active mainte-
nancee of future goals (Duncan, 1995; see also West, 1996). Hence, the reported age deficit 
inn intention activation appears to provide additional support for frontal lobe theories of 
agingg (West, 1996). 

Duncann and associates (Duncan, 1995; Duncan et al., 1996) have functionally in-
terpretedd this frontal deficit in terms of goal neglect, which they defined as a disregard of a 
taskk requirement even though it has been fully understood (see also De Jong et al., 1999). 
Duncann (1995) specified a number of conditions under which goal neglect is likely to oc-
cur.. One condition is the need to satisfy multiple task requirements at the same time. Inter-
estingly,, this might be an explanation for the absence of a specific slowing of antisaccades 
inn older adults in two previous aging studies (Fischer et al., 1997; Munoz et al., 1998). In 
thesee studies, the cue was not followed by a target stimulus. Hence, because the generation 
off  fast antisaccades in response to the cue was the sole objective for participants, older 
adultss could focus entirely on this task. In contrast, in the present study the task of produc-
ingg fast saccades was instrumental with respect to optimal performance in thee target detec-
tionn task. Weak environmental support is another important condition that can give rise to 
goall  neglect. Accordingly, we argued that in this study the more stringent task environ-
mentt of Experiment 2 served as a form of external support to overcome problems of inten-
tionn activation in older adults. Other researchers have also emphasized the importance of 
externall  support in the form of verbal prompts (Duncan et al.) and explicit task instruc-
tionss (Eenshuistra, Wagenmakers, & De Jong, 1999) in intention activation in older adults 
andd frontal patients (see also Maylor, 1996). 

Itt remains an open question whether problems with the active maintenance of in-
tentionss and a reduced ability to suppress prepotent responses are the result of separable 
frontalfrontal functions or do both reflect the decrement of a more general frontal function such 
ass working memory (Roberts et al., 1994). An important message of the present study and 
thee other studies mentioned in this section is that age effects in executive control tasks 
mightt reflect real limitations in inhibitory capabilities, failures to fully or consistently util-
izee such capabilities, or some combination of these factors (De Jong et al., 1999). There-
fore,, future research should focus on both structural, cognitive limitations and failures in 
intentionn activation as determinants of age-related decline in inhibition tasks. 
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