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 24 

Abstract 25 

 The present research examined if the time needed to implement expectancy-26 

based strategic processes is different in younger and healthy older adults. In four 27 

experiments participants from both age groups performed different strategic priming 28 

tasks. These included a greater proportion of incongruent (or unrelated; 80%) than of 29 

congruent (or related; 20%) trials. With this procedure performance is worse for 30 

congruent (less frequent) than for incongruent (more frequent) trials, thus demonstrating 31 

that the relative frequency information can be used to predict the upcoming target. To 32 

explore the time course of these expectancy-based effects, the prime-target SOA was 33 

manipulated across experiments through a range of intervals: 400, 1000 and 2000 ms. 34 

Participants also performed a change localization and an antisaccade task to assess their 35 

working memory and attention control capacities. The results showed that increases in 36 

age were associated with (a) a slower processing-speed, (b) a decline in WM capacity, 37 

and (c) a decreased capacity for attentional control. The latter was evidenced by a 38 

disproportionate deterioration of performance in the antisaccade trials compared to the 39 

prosaccade ones in the older group. Results from the priming tasks showed a delay in 40 

the implementation of expectancies in older adults. Whereas younger participants 41 

showed strategic effects already at 1000 ms, older participants consistently failed to 42 

show expectancy-based priming during the same interval. Importantly, these effects 43 

appeared later at 2000 ms, being similar in magnitude to those by the younger 44 

participants and unaffected by task practice. The present findings demonstrate that the 45 

ability to implement expectancy-based strategies is slowed down in normal aging. 46 

 47 
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Introduction 48 

It well established that many aspects of cognition decline with normal aging, 49 

including attention, working memory (WM), and episodic memory [1, 2]. In an attempt 50 

to provide a potentially unifying underlying mechanism that could explain the diversity 51 

of age-related cognitive deficits, several alternative hypotheses have been proposed.  52 

An influential account is the processing speed hypothesis of cognitive aging [3], 53 

which attributes age-related cognitive decline to a general slowing of information 54 

processing. This slowing in cognitive processing speed has been found for example in 55 

several perceptual speed tasks involving visual search, elementary comparison, and 56 

substitution operations [4, 5].  57 

Another leading alternative, though not incompatible hypothesis suggests that 58 

cognitive deficits associated with aging would mainly be the result of an inability to 59 

inhibit or control for interference from task-irrelevant (external or internal) information 60 

[6-8]. Evidence supporting the inhibitory account of cognitive aging comes from a 61 

variety of experimental tasks thought to draw on inhibitory (top-down) control. Thus, 62 

older adults usually display less efficient inhibition of dominant but inappropriate 63 

reactions, as it is for example the case in the antisaccade task [9]. Performance by older 64 

adults is also poorer than for younger ones on WM tasks that require actively holding 65 

the relevant information in an easily accessible form, especially in the face of 66 

distraction or interference [10, 11].  67 

Older adults can also show impoverished inhibitory memory control relative to 68 

younger subjects in different episodic memory tasks (e.g., intentional or directed 69 

forgetting [12, 13]), as well as in selective attention tasks that require active rejection of 70 

distracting information. This can explain why interference effects from irrelevant 71 

distractors in conflict tasks (e.g., Stroop; Eriksen-type flanker) are usually increased in 72 
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old age [14-17]. In a similar vein, older adults, like younger subjects with lower WM 73 

capacity (WMC), can have greater difficulty to prevent or suppress the processing of to-74 

be-ignored distractors in negative priming tasks [16, 18, 19]. 75 

On the other hand, several other lines of evidence suggest that the development 76 

of facilitatory strategies of the type required to consciously expect forthcoming targets 77 

would also be affected by a reduced availability in WM resources, as it could be the 78 

case in older people [20- 23], or in younger adults with a lower WM capacity. In this 79 

later case, some recent priming studies have shown that, when the manipulation 80 

promotes the generation of expectancy-based strategies (e.g., with long prime-target 81 

interval; increased proportion of related pairs), these controlled semantic priming effects 82 

can be significantly diminished (or even eliminated) for participants with low attention 83 

control, low WMC [24, 25], or under high WM load [26-28]. Several neuroimaging 84 

studies report in fact evidence that Prefrontal cortex (PFC), an area (along with the 85 

anterior cingulate cortex) known to reflect attention control [29], is highly active when 86 

semantic information has to be generated and maintained over a delay in working 87 

memory [30, 31], or during semantic priming tasks performed under strategic conditions 88 

(i.e., a high relatedness proportion) [32, 33]. 89 

Note however that most of previous work investigating a possible dependence of 90 

strategic priming on WM resources, has used a conventional facilitation paradigm in 91 

which both the controlled and automatic processes (e.g. expectancy generation vs 92 

spreading of activation) produce the same behavioral pattern, that is, improved 93 

performance or facilitatory priming. Therefore, results from these studies showing 94 

changes in facilitation cannot be fully to be attributed to one process or another. 95 

Recently, we have developed an alternative priming task with the idea of producing 96 

qualitatively different behavioral effects depending on whether the processing of 97 
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information is strategic or not [27-28]. To do so we used a Stroop-priming task in which 98 

a prime word (GREEN or RED) was followed by a coloured target (red vs. green) that 99 

participants had to identify. The prime word and target color were congruent or 100 

incongruent on 20% and 80% of the trials respectively, with instructions highlighting 101 

this proportion manipulation. The greater proportion of incongruent trials should bias 102 

participants to respond to the color opposite to that referred by the prime word. This 103 

anticipatory strategy should counteract the impact of automatic word reading, resulting 104 

in a strategic reversal of the Stroop effect with faster responses on incongruent than on 105 

congruent trials.  106 

Importantly for the present goals, in one of the studies [27], the Stroop-priming 107 

task was interleaved with a concurrent verbal WM task demanding either a low load 108 

(memorizing a sequence of a same digit repeated five times), or a high load (retaining 109 

sequences of five different random digits). Ortells et al. found a substantial crossover 110 

interaction between prime-target congruency and working memory load. When 111 

participants performed the Stroop task under low WM load, a reliable reversed Stroop 112 

was observed demonstrating that they were able to strategically use the predictive 113 

information provided by the prime word to anticipate the color target. In clear contrast, 114 

under a high WM load the opposite standard Stroop interference effect was rather found 115 

(i.e., slower responses on incongruent than on congruent trials). These findings thus 116 

provide further evidence that the availability of working memory is crucial for 117 

implementing expectancy-based strategic actions. 118 

Particularly relevant to the present research is a study by Froufe et al. [20], in 119 

which a group of healthy younger participants, and two groups of older adults, one with 120 

and one without Alzheimer’s dementia (AD), performed a Stroop-priming task very 121 

similar to that recently used by Ortells et al. [27, 28]. The proportion of incongruent 122 



6 
 

trial was much higher (84%) than for the congruent ones (16%); but this time 123 

participants did not have to perform a concurrent WM task. Similar to what was found 124 

by Ortells et al. [27, 28] under low WM load, the younger group in Froufe et al. study 125 

[20] showed a reliable reversed Stroop effect. This ability of young adults to generate 126 

expectancy-based strategies has also been reported in other previous studies using 127 

similar strategic priming tasks [34-38]. On the contrary, the group of AD patients 128 

showed the opposite Stroop interference effect (i.e., slower responses on incongruent 129 

than on congruent trials), which suggests an inability in these patients to generate these 130 

expectations. Interestingly, the group of healthy older adults did not show Stroop 131 

interference effect, but they showed neither a reliable reversed Stroop, thus suggesting 132 

that their expectations were not effective enough to counteract the automatic 133 

interference. 134 

Note that the prime-target stimulus onset asynchrony (SOA) interval used by 135 

Froufe et al. [20] in their study (1125 ms) was long enough to develop expectancy-136 

based controlled strategies. However, as previously mentioned, if aging brings an 137 

overall decline in processing speed, then this interval may not be always enough for 138 

older adults. In support of this, several studies have demonstrated that the ability to 139 

suppress the processing of irrelevant information (at least in WM tasks) does not vanish 140 

with normal aging, but is delayed. This points to a potential interaction between deficits 141 

in inhibitory control and processing speed in older people [10, 39, 40].  142 

Based on these considerations, one could argue that the ability to generate 143 

expectations could also be delayed in older adults. This could explain the absence of a 144 

reliable strategic (reversed Stroop) effect observed by Froufe et al. [20] in the healthy 145 

older group, despite using a seemingly long prime-target SOA. This lack of expectancy-146 

based effects in healthy older adults has also been reported with other semantic priming 147 
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tasks using relatively long SOAs (i.e., 950 ms) [21]. Unfortunately, the prime-target 148 

SOA was not manipulated in these studies. Alternatively, it is also possible that this lack 149 

of strategic indexes a reduction in cognitive control capacities. In any case, both Froufe 150 

et al. [20] and Langley et al. [21] did point to a potential reduction in WM and/or 151 

attentional control in the older group; but did not directly measured any of them, 152 

becoming this one of the main goals of our study. 153 

Current study 154 

 The main aim of the present study was to explore if the time needed to 155 

implement expectancy-based strategic processes with full efficiency is different in 156 

younger and healthy older adults. To this end, participants from both age groups 157 

performed different strategic priming tasks, across different experiments, with the 158 

purpose to dissociate between priming effects resulting from a controlled (strategic) vs. 159 

non-controlled (automatic) processing of critical stimuli [20]. This time, however, we 160 

used different prime-target SOAs to examine the time course of the strategic processes. 161 

In addition, in all our experiments, participants from the two age groups also performed 162 

two further tasks to assess their WM and attention control capacities. 163 

Experiments 1 and 2 164 

 In these experiments we used a similar version of the Stroop-Priming task 165 

previously employed by Froufe et al. (2009) [20]. This time however, we manipulated 166 

different prime-target SOAs in both Experiment 1 (400 vs. 1000 ms-SOA) and 167 

Experiment 2 (1000 vs. 2000 ms-SOA) to investigate directly the time course of 168 

expectancy-based strategic processes. We included a short prime-target SOA of 400 ms 169 

to examine if younger participants show a reversed Stroop (strategic) effect even at that 170 

relatively short SOA interval. Using a similar Stroop-Priming task, previous research 171 
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has reported strategic effects by young adults at relatively short SOAs of 300-400 ms 172 

[36].   173 

 On the other extreme, we decided to include a long SOA of 2000 ms (instead of 174 

1125 ms as in Froufe et al. [20]) to give older adults enough time to fully implement 175 

controlled strategies if that was the problem. However, the control deficits affecting 176 

older adults may not be solely linked to poor processing speed. Some authors have 177 

suggested that they may also stem from difficulties maintaining relevant information in 178 

WM. For example, expectancy effects in younger adults usually increase with the SOA, 179 

but this is not always the case for the older ones. In some priming studies where the 180 

prime stimulus does not remain on screen during the interstimulus interval, older adults 181 

display a decline in expectancy effects when the SOA increased [41]. A possible 182 

interpretation of all these findings is that that older and younger individuals may differ 183 

in both the speed needed to implement strategies and in the capacity to maintain 184 

relevant information in WM. Including a SOA of 2000 ms will allow testing for both 185 

possibilities. 186 

 All participants in our experiments also completed (a) the Change Localization 187 

task [28, 42], and (b) a version of the Antisaccade task [25, 43, 44]. In the Change 188 

Localization task, a sample array containing four colored circles is followed by a test 189 

array. This one is identical to the sample array except for one of the four circles 190 

presented in a different color. The task is to report the location of the change. The 191 

simplicity of this task is in sharp contrast with other more conventional WM span tasks 192 

[45] providing additional advantages. For example, it is very short -between 8 and 10 193 

minutes-, there is no time pressure, no task switching, and there is no need for 194 

background knowledge (e.g., vocabulary or math facts) to perform it. For all these 195 

reasons, this task is especially well fit to assess WM in older people and in some 196 
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clinical populations [42]. The fact that chance is 25% rather than 50% also minimizes 197 

guessing effects and increases measurement reliability [42]. Importantly, despite its 198 

simplicity, its validity is comparable to other more complex measures of WM capacity 199 

(e.g., Operation Span task), correlating strongly with general measures of higher 200 

cognitive abilities (including fluid intelligence) and attention control in both healthy 201 

adults and clinical populations (e.g., people with schizophrenia) [42, 46-48]. 202 

 In the Antisaccade task, participants have to identify a letter target briefly 203 

presented at the left or right of fixation. The target is preceded by an abrupt-onset cue 204 

appearing either on the same (prosaccade block), or on the opposite side of fixation 205 

(antisaccade block). In the prosaccade trials, participants benefit from the appearance of 206 

the cue, which automatically oriented attention towards the target location. Unlike the 207 

prosaccade trials, in the antisaccade trials, participants have look away from the flashed 208 

cue to be able to identify the target on the opposite visual field before it disappeared. 209 

This ability to reorient from the cue to the target location seems to be dependent on 210 

WMC. Previous work with the antisaccade task has reported differences in groups 211 

supposedly varying in WMC, such as schizophrenics or patients with lesions in the 212 

prefrontal cortex when compared to healthy controls [49]; older compared to younger 213 

adults [50], or even between younger adults varying in WMC [19, 25, 43, 44].  214 

 The inclusion of a prosaccade condition in our task, which is more dependent on 215 

automatic orienting of attention (thus requiring less executive control and WMC), 216 

would allow to assess the differential performance between the prosaccade and 217 

antisaccade conditions, as an additional index of attentional control. If older adults have 218 

mainly a general decline in speed, then responses should be slower in both prosaccade 219 

and antisaccade trials. Conversely, if they have also a decreased attentional control 220 

capacity then their performance could be much worse on the antisaccade than on 221 
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prosaccade trials (i.e., a reliable interaction between Age Group and Saccade Condition 222 

-antisaccade vs. prosaccade). 223 

 Lastly, older adults in the two Experiments were also pre-screened to rule out 224 

cognitive impairment. More detailed information about these tests can be found in the 225 

next section. 226 

Materials and method 227 

Participants 228 

Fifty-two (26 young and 26 older adults) and fifty-two (26 young and 26 older 229 

adults) native Spanish speakers with normal or corrected-to-normal vision participated 230 

in Experiments 1 and 2, respectively. These sample sizes were similar to that used by 231 

previous studies addressing strategic priming (e.g., Froufe et al., 2009 [20]; n = 27; 232 

Ortells et al. [27]; n = 26). The younger groups were undergraduate students from the 233 

University of Almería [Experiment 1: mean age = 21.2; SD = 3.7; range = 18-32; 15 234 

females; Experiment 2: mean age = 22.3; SD = 2.7; range = 18-29; 14 females] who 235 

received course credits for their participation. Participants in the older groups were 236 

healthy volunteers recruited through the ‘University for the Older People’ Learning 237 

Program developed by the University of Almería [Experiment 1: mean age = 70.5; SD = 238 

4.2; range = 65-78; 14 females; Experiment 2: mean age = 70; SD = 2.7; range = 65-75; 239 

14 females]. All the experiments of the present research were conducted in compliance 240 

with the Helsinki Declaration, and with the ethical protocols and recommendations of 241 

the “Code of Good Practices in Research”, “Commission on Bioethics in Research from 242 

the University of Almería”. Participants also signed informed consents before their 243 

inclusion, with the protocol being approved by the “Bioethics Committee in Human 244 

Research” from the University of Almería.  245 
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 The older participants were prescreened to ensure that they were healthy with no 246 

history of neurological, psychiatric or vascular disease, showed no symptoms of 247 

depression, nor were taking any psychoactive drugs or medication for high blood 248 

pressure. These tests were taken at the beginning of each experimental session and 249 

consisted of: (a) the 35-point Lobo’s Mini-Examen Cognoscitivo (MEC; [51]), a 250 

validated Spanish version in the elderly population of Mini-Mental State Examination 251 

[52], used to rule out cognitive impairment or dementia (norm score > 24); (b) the Spanish 252 

version [53] of the Yesavage abbreviated questionnaire (GDS; [54]), employed to test for 253 

depression (norm score < 5); (c) the Lawton and Brody Instrumental Activities Of Daily 254 

Living Scale (IADL; [55]), validated to Spanish [56], to measure the degree of autonomy 255 

of the person in different daily activities crucial for independent living (norm score > 7). 256 

None of the older adults were excluded from the experiments, since all scored within two 257 

standard deviations of the norm on each of the above tests (see Table 1). 258 

Table 1. Screening scores for the older participants in Experiments 1 to 4 259 

 260 

 261 

 262 

 263 

 264 

Apparatus and stimuli 265 

 The experiments were run on a PC using E-Prime software v2.0 (Psychology 266 

Software Tools, Pittsburgh, PA). Stimuli were displayed on a 17-inch CRT monitor at a 267 

 Experiment 1 

Mean (SD) 

Experiment 2 

Mean (SD) 

Experiment 3 

Mean (SD) 

Experiment 4 

Mean (SD) 

MEC 32.62 (1.55) 32.96 (1.61) 33.54 (1.07) 33.35 (0.94) 

GDS 0.69 (1.01) 0.58 (0.99) 0.65 (0.85) 0.69 (0.84) 

IADL 7.88 (0.33) 7.92 (0.39) 7.92 (0.39) 7.81 (0.49) 
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viewing distance of approximately 60cm. Responses were collected using a standard 268 

keyboard.  269 

 The Change Localization task trials consisted of four colored circles subtending 270 

about 0.96º horizontally and 0.96º vertically. The four colors were randomly selected 271 

from a set of nine different colors with the following red, green, and blue (RGB) values: 272 

orange (255, 113, 0), yellow (255, 255, 0), magenta (255, 0, 255), red (255, 0, 0), white 273 

(255, 255, 255), blue (0, 0, 255), black (0, 0, 0), cyan (0, 255, 255), and green (0, 255, 274 

0). The circles were displayed forming a circumference. The distance between fixation 275 

and the nearest and farthest stimuli subtended 3.36º and 6.24º, respectively. All stimuli 276 

were displayed against a grey background (60, 60, 50). 277 

 In the Antisaccade task, the target stimulus consisted of the letters “O” or “Q” 278 

(in Courier new font size 22) subtending about 0.43º horizontally and 0.86º vertically. 279 

They were displayed in white against a black background at a distance of 3° to the left 280 

or right of fixation (+). The pattern mask following the target offset consisted of the 281 

characters “$$$” (in Arial font size 22) over an area of 0.86º vertically and.43º 282 

horizontally.  283 

 In the Stroop-Priming task, the prime stimuli were two color words (RED or 284 

GREEN) in Courier new font size 22 written in white, with each letter occupying an 285 

area of about 0.35º wide and 0.52º high. The target was a rectangle presented in either 286 

red (255, 0, 0) or green (0, 255, 0) at fixation, subtending 7.39º horizontally and 2.6º 287 

vertically. All stimuli were presented against a black background. 288 

Procedure 289 

 In both experiments participants from the two age groups did the Change 290 

Localization and the Antisaccade tasks (the order of both tasks was counterbalanced 291 
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across participants) before performing the Stroop-Priming task. No effects involving 292 

task order approached significance in neither Experiment. 293 

 Change-Localization task. Each trial of this task began with a 1000 ms central 294 

fixation cross (+), which remained on the screen throughout the trial. The fixation was 295 

followed by a sample array presented for 150 ms consisting of four circles each one in a 296 

different color. After a 900 ms blank screen, a test array appeared, identical to the 297 

sample array except for one of the four items which was in a changed color. The task 298 

was to indicate the location of the change using the computer mouse. Each participant 299 

completed 12 practice trials followed by 64 experimental trials divided in two 300 

consecutive blocks (32 trials each) with time for a break between blocks. 301 

 Antisaccade task. Trials began with a white fixation cross (+) presented on a 302 

black background for a random duration between 500 and 1500 ms. A white asterisk (*) 303 

then appeared randomly 3.8° to either the left or right of fixation for 200 ms, followed 304 

by a 100 ms blank interval. A letter target (O vs. Q) then appeared on either the same 305 

side of the asterisk (prosaccade block) or the opposite one (antisaccade block). The 306 

target was displayed for 100 ms and was immediately followed by a pattern mask (##) 307 

of 5000 ms duration until response. Participants had to press either the ‘1’ or the ‘2’ 308 

keys on the computer keyboard to indicate the identity of the target, with key-target 309 

allocations being counterbalanced between participants. Participants completed two 310 

consecutive blocks of 64 trials/block (16 practice followed by 48 experimental trials), 311 

one for the antisaccade and other for the prosaccade block, with the order of blocks 312 

counterbalanced across participants. The block order did not reach significance in 313 

neither Experiment. 314 

 Stroop-Priming task. Each experimental trial began with a central fixation 315 

cross (+) presented for 500 ms, followed by the prime word “VERDE” (GREEN) or 316 



14 
 

“ROJO” (RED) presented in white letters for 200 ms. The prime display offset was 317 

followed by blank screen for either 200, 800, or 1800 ms (depending on the prime-318 

target SOA manipulation). The target was a colored rectangle in either green or red 319 

appearing at fixation. This remained on the screen 2000 ms or until response, whichever 320 

happened first (Fig 1). The participants responded to the color (red or green) of the 321 

rectangle by pressing the keys ‘1’ or ‘2’ on the computer keyboard. Both keys were 322 

labeled RED and GREEN (with red and green stickers, respectively), with the location 323 

of the label counterbalanced between participants. Incorrect responses were followed by 324 

a 500-ms feedback emoticon (sad face). A 500 ms blank inter-trial interval was 325 

presented before the beginning of the next trial. The prime-target pairings were 326 

congruent (i.e., GREEN-green) on 20% of the trials and incongruent (i.e., GREEN-red) 327 

on the remaining 80%. Before the beginning of the experiment, participants from both 328 

age groups were explicitly informed about the differential proportion of congruent and 329 

incongruent prime-target pairings, and were actively encouraged to capitalize on the 330 

predictive information provided by the prime word to optimize their performance. Thus, 331 

they were told that given a particular prime word (e., RED), they should expect that the 332 

forthcoming color target would be the color not named by the prime (e.g., green), as 333 

incongruent prime-target pairs were much more frequent than congruent pairs. 334 

 335 

Fig 1. Stroop-Priming task. Examples of incongruent (left) and congruent (right) trials 336 

used in Experiments 1 and 2.  337 

 338 

 There were 40 practice trials (20 for each prime-target SOA condition) followed 339 

by 120 experimental ones divided in two blocks: 60 trials for each prime-target SOA 340 

condition (Experiment 1: 400 and 1000 ms; Experiment 2: 1000 and 2000 ms), with the 341 
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order of the blocks counterbalanced across participants. Within each SOA block, there 342 

were 48 incongruent trials (80%) and 12 congruent trials (20%), and the target (colored 343 

rectangle) was displayed in red or green the same number of trials. The participants 344 

initiated each prime-target block by pressing the space bar on the computer keyboard. 345 

Once a SOA block was initiated it ran to completion, so that the participants could rest 346 

only between blocks. Because the order of SOA blocks did not interact with any other 347 

variable in our Experiments, the data are collapsed across SOA order in the Results and 348 

Discussion section. 349 

Results and discussion 350 

WM Capacity and Attention Control tasks 351 

 To quantify WM storage Capacity (WMC) using the Change Localization task, a 352 

variant of the Pashler/Cowan K equation was used, where K represented how many 353 

items have been stored in WM [46]. Given that each trial contains a change, there is no 354 

potential for false alarms. As a result, K was calculated by multiplying each participant 355 

proportion of correct responses by four (the number of items in the memory array). 356 

 Table 2 presents descriptive statistics for young and older participants in both 357 

experiments for the Change Localization and the Antisaccade tasks. Independent-358 

samples t-tests were used to examine whether there were significant differences in 359 

performance between younger and older participants for each task. As it can be seen in 360 

this Table, younger adults showed a significantly higher WM storage capacity than 361 

older adults in both Experiments 1 and 2. The younger group also responded reliably 362 

faster and more accurate than the older group in both the antisaccade and prosaccade 363 

trials.  364 

 365 

 366 
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Table 2. Comparisons between younger and older adults in Experiments 1 and 2. 367 

 368 

 369 

 370 

 371 

 372 

 373 

 374 

 375 

 376 

 377 

 378 

 379 

 380 

All p values < .0001 381 
a Correction of dfs for unequal variances 382 

 Participants’ performance in the Change Localization and Antisaccade tasks was 383 

also assessed by correlation analyses, producing similar results for both experiments. 384 

Namely, WM Capacity and participants’ age were highly correlated [Experiment 1: r = 385 

-.86, p < .001; Experiment 2: r = -.70, p < .001], showing that increases in age are 386 

associated with a decline in WM Capacity. Participants’ WMC also correlated with their 387 

performance in both the antisaccade [Experiment 1 = RTs: r = -.69; AC %: r = .65; 388 

Experiment 2 = RTs: r = -.57; AC %: r = .77] and prosaccade trials [Experiment 1 = 389 

RTs: r = -.72; AC %: r = .55; Experiment 2 = RTs: r = -.49; AC %: r = .72], as well as 390 

with the difference between antisaccade and prosaccade conditions [Experiment 1: RTs: 391 

r = -.45, p = .001; AC %: r = - .31, p = .024; Experiment 2: RTs: r = -.39, p = .004; AC 392 

 

 

Younger 

mean (SD) 

Older    

mean (SD) 

Group 

differences 

Effect 

Size d 

Experiment 1     

Age 21.2 (3.7) 70.5 (4.2) t (50) = 44.4 12.5 

WMC 3.25 (.35) 2.05 (.44) t (50) = 10.8 3.02 

Antisaccade     

RT (ms) 

AC (%) 

727 (259.6) 

.78 (.11) 

1352 (537.2) 

.59 (.10) 

t (36)a = 5.34 

t (50) = 6.7 

1.48 

1.81 

Prosaccade     

RT (ms) 

AC (%) 

579 (144.1) 

.88 (.08) 

1044 (323.8) 

.74 (.10) 

t (35)a = 6.7 

t (50) = 5.6 

1.85 

1.55 

Experiment 2     

Age 22.3 (2.7) 69.6 (2.7) t (50) = 63.4 17.5 

WMC 3.17 (.42) 2.27 (.57) t (50) = 6.4 1.80 

Antisaccade     

RT (ms) 

AC (%) 

610 (148.5) 

.84 (.10) 

1245 (552.8) 

.61 (.12) 

t (29)a = 5.7 

t (50) = 7.7 

1.57 

2.10 

Prosaccade     

RT (ms) 

AC (%) 

528 (132.3) 

.92 (.06) 

955 (290.5) 

.75 (.13) 

t (35)a = 6.8 

t (36)a = 5.8 

1.90 

1.70 
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%: r = - .32, p = .02). This latter finding suggests that the reduced WMC showed by 393 

older adults in the two experiments (as compared with younger participants) seems to be 394 

associated with two main causes. First, a slower processing-speed, demonstrated by 395 

increased reaction times in all conditions, including the prosaccade. And second, a 396 

decreased capacity for attentional control, as revealed by a disproportionate 397 

deterioration of performance in the antisaccade trials -compared to the prosaccade ones- 398 

in the older group. 399 

 These impressions were further confirmed using a mixed analysis of variance 400 

(ANOVA) in which Age (younger vs. older) was treated as a between-participants 401 

factor, and Saccade Type (antisaccade vs. prosaccade) as the within-participants 402 

variable. As expected, both Age [Experiment 1 [RTs: F (1, 50) = 36.5, p < 0.001, η2 = 403 

0.42; Accuracy: F (1, 50) = 48.5, p < 0.001, η2 = 0.49; Experiment 2 [RTs: F (1, 50) = 404 

47.1, p < 0.001, η2 = 0.48; Accuracy: F (1, 50) = 53.2, p < 0.001, η2 = 0.52], and 405 

Saccade Type were significant [Experiment 1 [RTs: F (1, 50) = 45.5, p < 0.001, η2 = 406 

0.48; Accuracy: F (1, 50) = 101.8, p < 0.001, η2 = 0.67; Experiment 2 [RTs: F (1, 50) = 407 

15.4, p < 0.001, η2 = 0.24; Accuracy: F (1, 50) = 107.6, p < 0.001, η2 = 0.68], and more 408 

interestingly, so it was the interaction between these two variables in both Experiment 1 409 

[RTs: F (1, 50) = 5.6, p = 0.022, η2 = 0.10; Accuracy: F (1, 50) = 3.4, p = 0.07, η2 = 410 

0.06] and Experiment 2 [RTs: F (1, 50) = 4.8, p = 0.03, η2 = 0.09; Accuracy: F (1, 50) = 411 

9.02, p = 0.04, η2 = 0.15]. 412 

Stroop-Priming task 413 

Trials containing an incorrect response (Experiment 1 = 1.4%; Experiment 2 = 414 

1.45%), or those with reaction times (RTs) faster than 200 ms or falling more than 2.5 415 

standard deviations from the overall mean RT (Experiment 1= 1.1%; Experiment 2 = 416 

1.9%) were removed from analyses. 417 
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Mean correct RTs and error rates were computed for each participant in the two 418 

age groups as a function of Congruency and SOA. Results were analyzed with a 2 419 

(Congruency: congruent, incongruent) x 2 (SOA: -Experiment 1: 400, 1000-, -420 

Experiment 2: 1000, 2000) x 2 (Age Group: younger, older) mixed ANOVA for each 421 

Experiment, with Congruency and SOA manipulated within participant and Age 422 

between groups (see Table 3; values in brackets are Standard Deviations). 423 

Table 3. Responses in the Stroop-Priming task for Experiments 1 and 2. 424 

 425 

 426 

 427 

 428 

 429 

 430 

 431 

Error rates showed no significant effect in either Experiment (all ps > .24). The 432 

RTs revealed a main effect of Age Group in both Experiment 1 [F (1, 50) = 33.3, p < 433 

0.001, η2 = 0.40], and Experiment 2 [F (1, 50) = 26.3, p < 0.001, η2 = 0.34], where older 434 

participants were slower (Experiment 1 = 792 ms; Experiment 2 = 727 ms) than the 435 

younger ones (Experiment 1 = 553 ms; Experiment 2 = 533). The interaction between 436 

 Prime-target Congruency 

Younger Older 

Congruent Incongruent Congruent Incongruent 

Exp 1 

400-ms 527 (101.1) 

1.1 (2.7) 

562 (97.3) 

1.4 (1.7) 

784 (181.5) 

1.7 (2.9) 

826 (197.4) 

2.4 (3.1) 

1000-ms 579 (172.9) 

1.1 (2.3) 

543 (133.8) 

1.1 (2.3) 

778 (176.2) 

1.2 (2.9) 

780 (181.1) 

1.2 (2.9) 

Exp 2 

1000-ms 553 (151.1) 

1.5 (2.9) 

514 (122.7) 

1.4 (1.9) 

720 (164.3) 

1.5 (2.9) 

726 (161.8) 

1.6 (2.3) 

2000-ms 554 (139.7) 

1.4 (2.1) 

513 (119.1) 

1.2 (2.1) 

751 (140.7) 

1.5 (2.9) 

711 (128.6) 

1.4 (1.7) 
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SOA and Congruency was also significant in the two experiments [Experiment 1= F (1, 437 

50) = 58.2, p < 0.001, η2 = 0.54; Experiment 2 = F (1, 50) = 5.01, p = 0.03, η2 = 0.09], 438 

and even more relevant was the three-way significant interaction between SOA, prime-439 

target Congruency, and Age Group [Experiment 1 = F (1, 50) = 4.35, p = 0.04, η2 = 440 

0.08; Experiment 2 = F (1, 50) = 4.20, p = 0.046, η2 = 0.08]. Further analyses revealed a 441 

very different Stroop-Priming pattern as a function of prime-target SOA for the two age 442 

groups in each experiment (Fig 2).  443 

 444 

Fig 2. Stroop-Priming effects in Experiments 1 and 2. 445 

 446 

In Experiment 1 (400 and 1000 SOA), the younger group showed the opposite 447 

Stroop-Priming pattern for each SOA, (Congruency x SOA interaction, [F (1, 25) = 448 

34.01, p < 0.001, η2 = 0.58]). Namely, we observed a standard Stroop interference at 449 

400-ms SOA (-35 ms; F (1, 25) = 5.9, p = 0.02, η2 = 0.19), and a reversed (strategic) 450 

Stroop at the longer 1000-ms SOA (+36 ms; F (1, 25) = 9.46, p = 0.005, η2 = 0.28). The 451 

Congruency x SOA interaction was also evident in the older group (F (1, 25) = 25.1, p 452 

< 0.001, η2 = 0.50), presenting standard Stroop interference at 400ms SOA (-42 ms; F 453 

(1, 25) = 23.5, p < 0.001, η2 = 0.49). However, unlike the younger group, neither 454 

standard nor reversed strategic effects were observed at the longer 1000ms SOA (-2 ms; 455 

F < 1). This finding closely replicates the absence of reversed Stroop reported by Froufe 456 

et al. [20] with healthy older people under very similar task conditions.  457 

In Experiment 2 (1000 and 2000 SOA), the youngest exhibited strategic reversed 458 

Stroop in both 1000 ms (+39 ms; F (1, 25) = 9.4, p = 0.005, η2 = 0.27) and 2000 ms 459 

SOA (+41 ms; F (1, 25) = 22.1, p = 0.001, η2 = 0.47). In contrast, in the older group we 460 

found a reliable Congruency x SOA interaction (F (1, 25) = 14.3, p = 0.001, η2 = 0.36). 461 
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At the SOA of 1000 ms there was no reliable effect of any kind (-6 ms; F < 1), 462 

replicating what found in Experiment 1. But at the longest 2000 ms SOA, they showed 463 

reliable strategic effects of a similar magnitude to those found in the younger group 464 

(+40 ms; F (1, 25) = 32.4, p < 0.001, η2 = 0.56). 465 

The lack of a reliable strategic effect (reversed Stroop) at the SOA of 1000 ms in 466 

both Experiments 1 and 2 closely replicates the findings reported by Froufe et al. [20] 467 

with healthy older people using very similar task conditions (i.e., SOA = 1150 ms). 468 

These results do not necessarily imply that all the older participants in our experiments 469 

were unable to show strategic effect at the SOA of 1000-ms. It is possible that some 470 

older adults can implement predictive strategies better and/or faster than others. Indeed, 471 

in a series of further correlation analyses for the entire sample of participants we found 472 

that the amount of strategic Stroop-priming (i.e., congruent minus incongruent) at the 473 

1000-ms SOA condition was negatively correlated with age in both Experiment 1 (r = -474 

.36, p < .007) and Experiment 2 (r = -.37, p < .006). Even more interesting, the strategic 475 

priming at 1000-ms SOA also positively correlated with their WMC scores. This 476 

correlation reached statistical significance in Experiment 2 (r = .34, p < .014), but not in 477 

Experiment 1 (r = .19, p > .18). Still, these observations are consistent with other 478 

studies linking WM resources with the development of predictive controlled strategies 479 

[24, 26-28]. 480 

The consistent and reliable reversed Stroop showed by older participants at the 481 

longest 2000-ms SOA in Experiment 2, clearly contrast with previous reports finding a 482 

drop in expectancy-based priming for older adults, at least when the prime stimulus did 483 

not remain on the screen during the interstimulus interval [41]. The results of 484 

Experiment 2 thus suggest that older individuals do not necessarily find it more difficult 485 

to maintain the relevant information in their WM, at least under relatively simple tasks 486 
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as the one used here. 487 

Experiment 3 488 

 In Experiments 1 and 2, we found that, compared to younger participants, older 489 

adults not only had lower WM capacity and Attention Control, but also needed more 490 

time to efficiently implement expectancy-based strategies.  In the present study, we 491 

wanted to replicate the differential time-course of strategic processes associated with 492 

age using a semantic priming task. One of the advantages of this task is that we can 493 

include a greater stimulus set, also requiring higher conceptual level (semantic) of 494 

representation than the word color Stroop task. To this aim, we used pictorial stimuli 495 

previously used in our lab [37, 38], which have been shown to produce qualitatively 496 

different (opposite) semantic priming effects depending on whether the processing of 497 

the prime stimuli is strategic (conscious) or not (automatic).   498 

 Participants made a semantic judgment task (animal vs. inanimate object) about 499 

a picture target preceded by a picture prime. On 80% of the trials (unrelated condition) 500 

the prime and target pictures belong to different semantic categories (e.g., DOG – fork; 501 

SPOON – cat), whereas on the remaining 20% of the trials (related condition) they are 502 

made of highly associated members from the same category (e.g. DOG– cat; SPOON– 503 

fork). Participants were again strongly encouraged to use the predictive information 504 

provided by the prime picture to improve their categorization performance. Thus, given 505 

a prime picture (e.g. a dog), they should expect that the upcoming target would belong 506 

to the opposite semantic category (i.e., an object), as the unrelated trials were much 507 

more frequent (80%) than the related trials [57]. To investigate the time-course of 508 

congruency priming effects, the prime-target SOA was manipulated at two levels: 400 509 

and 1000 ms, as in Experiment 1. 510 

Materials and method 511 
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Participants 512 

 Twenty-six younger and 26 older adults participated. All of them were native 513 

Spanish speakers and had self-reported normal or corrected-to-normal vision. The 514 

younger participants were undergraduate students from the University of Almería [Age 515 

= 20.6; SD = 2.5; Range = 18-30; 14 females) who participated in the study in exchange 516 

by course credits. Older participants (age = 70.6; SD = 4.7; range = 64-81; 15 females) 517 

were healthy volunteers recruited through the ‘University for the Older People’ 518 

Learning Program from the University of Almería, following the same protocol as 519 

described in the Experiments 1 and 2. 520 

Stimuli and procedure 521 

 Before performing the Congruency-priming task, participants from the two age 522 

groups performed the WM (Change Localization) and Attention Control (Antisaccade) 523 

tasks used in Experiments 1 and 2, with the order of tasks being again counterbalanced 524 

across participants (as in Experiments 1 and 2, there was no significant effect involving 525 

task order). 526 

 The picture stimuli were line drawings of 8 animals and 8 inanimate objects 527 

taken from the gray scale shaded images set by Snodgrass and Vanderwart [58]. They 528 

were displayed on a white background, with their dimensions ranging from 1.92° to 529 

3.36° (height), and from 1.92° to 5.76° (width). For each participant and block of trials, 530 

each picture appeared five times as a prime and five times as a target stimulus. Each 531 

prime was paired with five different target pictures: one was a strongly associated co-532 

exemplar (and highly similar in terms of feature overlap; see below), and four times 533 

were pictures from the opposite category.  534 

 All the semantically related pictures were also rated by participants in a previous 535 

similarity evaluation study as being highly similar in terms of both functional and 536 
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visuals features. In that study, 80 picture pairs (40 animals and 40 inanimate objects) 537 

taken from the Snodgrass and Vanderwart [58]’ stimulus set, were presented to a 538 

different group of 100 undergraduate students from the University of Almeria. 539 

Participants had to rate both the functional and visual similarity of each picture pair (“In 540 

terms of features in common, how functionally and visually similar are the stimuli that 541 

these pictures refer to?”) on 7-point scales (1= not at all similar; 7 = highly similar). 542 

Only those pairs from each category with rating scores higher than 5 points on the two 543 

7-points scales were used for the congruency priming experiment (Appendix in S1 544 

Appendix). 545 

 Each trial in the Congruency-Priming task began with a central fixation (a black 546 

cross) presented on a white background for a random duration between 500 and 1500 547 

ms. A prime picture then appeared in the center of the screen for 200 ms, followed by a 548 

blank screen for either 200 ms or 800 ms (depending on the SOA condition). This was 549 

followed by a central target that remained on the screen 2000 ms or until response (Fig 550 

3). Participants indicated the semantic category (animal vs. inanimate object) of the 551 

target by pressing the ‘1’ and the ‘2’ keys on the computer keyboard, with key-category 552 

allocations being counterbalanced between participants. A 500-ms feedback emoticon 553 

(sad face) was presented following an incorrect response. A 500 ms inter-trial interval 554 

elapsed before the start of the next congruency-priming trial. The prime and target 555 

pictures belonged to different semantic categories (unrelated condition) on 80% of the 556 

trials, and they were semantically related co-exemplars (related condition) on 20% of 557 

the trials. As in the previous experiments, participants were explicitly informed about 558 

the differential proportion of related and unrelated prime-target pairings trials and were 559 

encouraged to use this for their own benefit. 560 

 561 



24 
 

Fig 3. Congruency-Priming task. Sequence of events of an incongruent (left) and 562 

congruent (right) trial in the Congruency-priming task used in Experiments 3 and 4. 563 

  564 

 Each participant took part in a single session (lasting about 20 min) consisting of 565 

40 practice trials (20 for each SOA condition) followed by 160 experimental trials 566 

consisting of two consecutive blocks of 80 trials, one block for each SOA condition 567 

(400 ms vs. 1000 ms). The order of the two blocks was counter-balanced across 568 

participants (there was no significant effect involving SOA order). From the 80 569 

experimental trials of each block, 64 were unrelated (80%) and 16 (20%) were related, 570 

and within each of these two trial-sets, the target picture belonged to either “animals” or 571 

“inanimate objects” category on the same number of trials.  572 

Results and discussion 573 

WM 574 

Capacity and Attention Control tasks  575 

Descriptive statistics and comparisons between younger and older adults on WM 576 

storage capacity (Change Localization K-score), response speed (RTs) and accuracy 577 

(%) in the Attention Control task (antisaccade and prosaccade blocks) are presented in 578 

Table 4. 579 

Table 4. Comparisons between younger and older adults.  580 

 Younger Mean 

(SD) 

Older Mean 

(SD) 

Group 

differences* 

Effect 

Size d 

Age 20.6 (2.5) 70.6 (4.7) t (38)a = 48.04 13.3 

WMC 3.24 (.38) 2.05 (.47) t (50) = 10.1 2.80 

Antisaccade     

RT (ms) 

AC (%) 

622 (140.1) 

.80 (.90) 

1327 (553.2) 

.56 (.09) 

t (29)a = 6.4 

t (50) = 9.5 

1.75 

2.70 

Prosaccade     

RT (ms) 

AC (%) 

499 (93.6) 

.91 (.08) 

1023 (373.5) 

.72 (.10) 

t (28)a = 6.9 

t (50) = 7.0 

1.92 

2.10 
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 581 

 582 

 583 

 584 

 585 

 586 

 587 

*All p values < .0001 (Student’s t-test) 588 
SD, Standard Deviations 589 
a Correction of dfs for unequal variances 590 

 The differences found between younger and older adults were very similar to 591 

those in the previous experiments. Compared to their younger counterparts, older 592 

participants showed lower WM Capacity and responded slower, and less accurate, on 593 

both the antisaccade and prosaccade trials. As in Experiments 1 and 2, WMC and 594 

participants’ age were highly correlated (r = - .83, p < .001), again indicative of an age-595 

related decline in WM Capacity. WMC scores also correlated with performance in the 596 

antisaccade [RTs: r = - .68; AC %: r = .82] and prosaccade blocks [r = - .69; AC %: r = 597 

.74], and also with the differences between the antisaccade and prosaccade conditions 598 

(RTs: r = - .47, p < .001; AC %: r = - .33, p = .02). As in Experiments 1 and 2, the 599 

results were further analyzed with a mixed ANOVA with Age as a between-participants 600 

factor and Saccade Type (antisaccade vs. prosaccade trials) as repeated measures. As 601 

previously found, there were reliable differences due to Age [RTs: F (1, 50) = 45.3, p < 602 

0.001, η2 = 0.47; Accuracy: F (1, 50) = 76.9, p < 0.001, η2 = 0.61], and Saccade Type 603 

[RTs: F (1, 50) = 59.5, p < 0.001, η2 = 0.54; Accuracy: F (1, 50) = 156.2, p < 0.001, η2 604 

= 0.76]. But more interestingly, there was a reliable interaction between these two 605 

variables in both RTs (F (1, 50) = 10.75, p = 0.003, η2 = 0.18) and Accuracy (F (1, 50) 606 
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= 6.5, p = 0.014, η2 = 0.12). These results reinforce the idea that a reduction in WMC in 607 

older 608 

adults 609 

would be 610 

associated 611 not 

only with 612 a 

general response slowing, but also with a decreased capacity for attentional control. 613 

Congruency-Priming task 614 

For the analysis of responses in the Congruency-Priming task, we excluded trials 615 

with target responses incorrect (2.45%), and those with RTs faster than 200 ms, or 616 

falling more than 2.5 standard deviations from the overall mean RT (2.38 %). Mean 617 

correct RT and error rates were computed for each participant in the two age groups as a 618 

function of Prime-Target Relatedness (related, unrelated) and SOA (400 ms, 1000 ms). 619 

These were further submitted to two separate 2 x 2 x 2 ANOVAs (different for RTs and 620 

error rates), with Relatedness and SOA as within participant manipulation, and Age 621 

(younger, older) as a between group factor (see Table 5).  622 

 623 

 Table 5. Results of the Congruency-Priming task for both age groups. 624 

 625 

 626 

 627 

 628 

 629 

No effect was significant in the analysis of the error rates (all ps > .17). 630 

Conversely, ANOVA of RT data revealed a main effect of Age (F (1, 50) = 31.04, p < 631 

 Prime-target Relatedness 

Younger Older 

Related Unrelated Related Unrelated 

400-ms 535 (70.8) 

2.0 (2.8) 

549 (80.9) 

2.85 (2.5) 

745 (207.1) 

2.5 (3.4) 

778 (174.1) 

3.1 (3.5) 

1000-ms 568 (94.5) 

2.4 (3.5) 

533 (94.1) 

2.2 (2.2) 

777 (208.6) 

2.5 (3.9) 

772 (180.5) 

2.1 (3.6) 
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0.001, η2 = 0.38), such that older participants responded again slower to the targets (768 632 

ms) than the younger adults (546 ms). Prime-Target Relatedness interacted with both 633 

SOA (F (1, 50) = 19.4, p < 0.001, η2 = 0.28), and Age (F (1, 50) = 5.13, p = 0.028, η2 = 634 

0.09). Further analyses of this later interaction revealed a very different priming pattern 635 

as a function of Age (Fig 4).  The younger adults showed a reliable relatedness x SOA 636 

interaction, (F (1, 25) = 25.9, p < 0.001, η2 = 0.51), due to a facilitatory priming effect 637 

at the shortest 400-ms SOA (+14 ms; F (1, 25) = 5.3, p = 0.03, η2 = 0.17), and an 638 

opposite (strategic) priming effect at 1000-ms SOA (-35 ms; F (1, 25) = 15.8, p = 639 

0.001, η2 = 0.39). In clear contrast, the older group presented a facilitatory priming at 640 

the shortest 400-ms SOA (+34 ms; F (1, 25) = 5.1, p = 0.03, η2 = 0.17), but a lack of 641 

reversed (strategic) priming at 1000-ms SOA (-5 ms; F < 1), with a reliable Relatedness 642 

x SOA interaction in this Age group (F (1, 25) = 4.96, p = 0.03, η2 = 0.17). 643 

 644 

Fig 4. Congruency Priming effects in Experiment 3. 645 

 646 

 The pattern across SOAs showed by older participants with this priming task, is 647 

consistent with what was found in Experiment 1 using a similar prime-target SOA 648 

interval with a different type of task (Stroop). Whereas younger adults are able to 649 

efficiently develop attentional strategies at SOA intervals on the range of 1000 ms, or 650 

even less (more than half of younger adults showed strategic priming effects in the 651 

Congruency-Priming task even in the shorter 400-ms SOA interval), the older group do 652 

not seem to be able to do the same within that interval. According to our previous 653 

results with the Stroop task, they seem to need longer for an efficient implementation of 654 

expectancy-based strategic processes.  655 
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 As argued before (see Discussion section of Experiments 1 and 2), we do not 656 

discard the possibility that the older adults with a greater WMC could implement 657 

predictive strategies more effectively than others. Yet, the correlation between 658 

participants’ WMC and strategic priming at 1000-ms SOA did not reach statistical 659 

significance (r = .21, p > .126), as had occurred in Experiment 1. 660 

Experiment 4 661 

This experiment had two main goals. First, to see if the expectancy-based 662 

strategic effecs found with a Stroop priming task at the longest 2000-ms SOA in older 663 

participants can also be found with other tasks, such as the congruency priming task 664 

used in Experiment 3. In this task the prime picture was also presented for a limited 665 

period of time (200 ms), being absent for the remaining SOA interval, as occurred in the 666 

Stroop-Priming task used in Experiments 1 and 2. 667 

In addition, it has been argued that strategy-dependent processes may require 668 

some amount of practice until they can be implemented [38, 59, 60]. A second goal of 669 

this experiment was to investigate whether the strategic processing of goal-relevant 670 

information could be differentially modulated by task practice in older vs. younger 671 

adults. Previous work examining age and practice on cognitive performance have 672 

produced somewhat mixed findings. Some studies report that older adults have 673 

difficulties automatizing newly learned skills [61, 62]. Others, however, have found 674 

very similar practice effects in older and younger adults in different cognitive control 675 

tasks, such as task switching [63] or Stroop interference [64].  Yet, given that older 676 

adults generally show a reduced WMC and a slower processing speed than younger 677 

adults, it  is possible that they also need more practice to be able to build these 678 

controlled strategies.  679 

To test for that, here we used the same priming procedure used in Experiment 3 680 
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with two main differences: (a) the SOA remained fixed at 2000 ms; and (b) both young 681 

and older participants performed four consecutive blocks of trials. If the development of 682 

predictive strategies based on stimulus redundancy requires different amount of practice 683 

for young and older participants, then we expect to obtain a three-way interaction 684 

between Practice, Priming, and Age Group. 685 

Method 686 

Participants 687 

 Twenty-six younger and 26 older adults participated in Experiment 4. All of 688 

them were native Spanish speakers self-reporting normal or corrected-to-normal vision. 689 

The younger participants were undergraduate students from the University of Almería 690 

(age = 22.1; SD = 4.2; range = 19-35; 15 females) who participated in the study in 691 

exchange by course credits. Older participants (age = 68.5; SD = 4.4; range = 64-81; 15 692 

females) were healthy volunteers recruited through the same system described earlier.  693 

Stimuli and Procedure 694 

 These were similar to those used in Experiment 3, except that in the priming task 695 

(a) the animate and inanimate stimuli presented as primes were never presented as 696 

targets or vice versa; (b) the 200-ms prime picture was always followed by a blank 697 

screen of 1800 ms, such that the prime-target SOA remained fixed at 2000 ms; and (c) 698 

the task practice was manipulated, with participants from both age groups performing 4 699 

consecutive blocks of experimental trials (40 trials per block). As in Experiment 3, 700 

within each block, the prime and target pictures belonged to different semantic 701 

categories on 80% of the trials (32), and they were semantically related co-exemplars on 702 

the 20% of the trials (8). Instructions emphasized the generation of category-based 703 

expectations as in previous experiments.  704 
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Results and Discussion 705 

WM Capacity and Attention Control tasks 706 

 Descriptive statistics for performance by both age groups in Change 707 

Localization and Antisaccade tasks are presented in Table 6, as well as comparisons 708 

between younger and older adults on WM storage capacity (Change Localization K-709 

score) and response speed (RTs) and accuracy (%) in the Attention Control task 710 

(antisaccade and prosaccade blocks).  711 

Table 6. Comparisons between younger and older adults in Experiment 4.  712 
 713 

 714 

 715 

 716 

 717 

 718 

 719 

*All p values < .0001 (Student’s t-test) 720 

Values in brackets are Standard Deviations. 721 
a Correction of dfs for unequal variances 722 

 As in our previous experiments, WMC scores correlated again with age (r = -723 

.56, p < .001), and with participants’ performance in the antisaccade [RTs: r = - .46; AC 724 

%: r = .79] and prosaccade trials [r = - .48; AC %: r = .74], as well as with the 725 

differences in performance between the both conditions (RTs: r = - .33, p = .02; AC %: 726 

r = - .36, p = .009), suggesting again a reduced capacity for attention control in older 727 

people. This conclusion is strengthened by results of further ANOVAs with Age 728 

(younger vs. older) and Saccade Type (antisaccade vs. prosaccade trials) as between- 729 

and within-participants variables, respectively. The main effects of Age [RTs: F (1, 50) 730 

 Younger 

Mean 

Older 

Mean 

Group 

differences* 

Effect  

Size d 

Age 22.1 (4.2) 68.5 (4.4) t (50) = 38.9 11.0 

WMC 2.9 (.38) 2.3 (.55) t (44)a = 4.5 1.30 

Antisaccade     

RT (ms) 

AC (%) 

582 (119.1) 

.81 (.09) 

1085 (515.4) 

.58 (.10) 

t (28)a = 4.8 

t (50) = 8.7 

1.34 

2.40 

Prosaccade     

RT (ms) 

AC (%) 

520 (118.5) 

.89 (.07) 

809 (290.3) 

.72 (.12) 

t (33)a = 4.71  

t (41)a = 7.1 

1.30 

1.97 
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= 28.4, p < 0.001, η2 = 0.33; Accuracy: F (1, 50) = 71.6, p < 0.001, η2 = 0.59] and 731 

Saccade Type were reliable again [RTs: F (1, 50) = 29.7, p < 0.001, η2 = 0.37; 732 

Accuracy: F (1, 50) = 143.8, p < 0.001, η2 = 0.74], as well as the interaction between 733 

these two factors, in both RTs (F (1, 50) = 11.82, p = 0.001, η2 = 0.19) and Accuracy (F 734 

(1, 50) = 6.7, p = 0.012, η2 = 0.12).  735 

Congruency-Priming task 736 

 Trials containing an incorrect response (2.17% of trials), or with RTs faster than 737 

200 ms or falling more than 2.5 standard deviations from the overall mean RT (2.10% 738 

of trials) were removed from analyses. Mean correct RT and error rates were computed 739 

for each participant in the two age groups as a function of task Practice (Trial Blocks 1-740 

4), and Prime-Target Relatedness (Related, Unrelated). Resulting values were submitted 741 

to two different 4 x 2 x 2 ANOVAs, with task Practice and Prime-Target Relatedness as 742 

within participant variables, and Age (younger, older) as a between participants factor. 743 

 The ANOVA on error rates showed no significant effects (all ps > .28). The RT 744 

ANOVA revealed a main effect of Age (F (1, 50) = 29.2, p > 0.001, η2 = 0.37), as older 745 

adults were slower (694 ms) than younger adults (536 ms). We also found an overall 746 

effect of reversed priming (F (1, 50) = 37.8, p > 0.001, η2 = 0.43), because of faster 747 

responses to incongruent (590 ms) than congruent pairs (635 ms). Yet, this variable did 748 

not interact either with Practice or Age. Both younger and older participants showed 749 

very similar, and reliable, reversed priming effects, reaching significance from the first 750 

practice block for both age groups. Mean correct reaction times (in milliseconds) and  751 

error percentages (in %) in the Congruency-Priming task are presented in Table 7 (see 752 

also Fig 5) as a function of Prime-Target Relatedness (Related vs. Unrelated), and Task 753 

Practice (Trial Blocks 1, 2, 3, and 4) across age groups (young vs. older participants).  754 
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Table 7.  Responses in the Congruency-Priming task for each block. 755 

 756 

 757 

 758 

 759 

 760 

 761 

 762 

Values 763 

in 764 

brackets are Standard Deviations. 765 

 766 

Fig 5. Congruency Priming effects across Trial Blocks in Experiment 4. 767 

 768 

 These results are consistent with those found in Experiment 2 using a different 769 

task, demonstrating once again that older adults, when given enough time, are able to 770 

implement controlled strategies as efficiently as younger adults do. Together, the 771 

findings of Experiments 2 and 4 suggest that older adults are able to maintain the 772 

relevant task information in their WM. 773 

General discussion 774 

 Prime-Target Relatedness 

Younger Older 

Related Unrelated Related Unrelated 

Block 1 564 (117.8) 

2.6 (4.8) 

519 (92.9) 

2 (2.8) 

726 (180.3) 

2.8 (5.1) 

686 (132.3) 

2.1 (3.1) 

Block 2 565 (128.2) 

2.4 (4.5) 

526 (86.1) 

2.2 (2.3) 

723 (151.8) 

2.8 (6.3) 

678 (125.2) 

2 (3.5) 

Block 3 552 (94.9) 

2.2 (5.7) 

516 (88.2) 

2.2 (2.9) 

711 (127.1) 

2.2 (4.4) 

660 (106.5) 

1.9 (2.4) 

Block 4 536 (95.9) 

2 (5.7) 

514 (87.3) 

1.7 (1.7) 

701 (139.8) 

2.1 (4.1) 

667 (106.7) 

1.6 (2.3) 
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Cognitive impairment associated with normal aging has an impact in multiple 775 

domains, including selective attention, working memory, and episodic memory. Most of 776 

the deterioration seems to be rather specific of tasks involving controlled (top-down) 777 

processing [11]. This seems to be the case in those attention and memory tasks in which 778 

some irrelevant information interferes with target processing (arriving from internal or 779 

external sources) thus requiring some level of executive control to counteract it. Thus, it 780 

has been found that the presence of distracting information negatively impact task 781 

performance in older adults much more than in younger individuals [13, 15, 16, 39]. 782 

Interestingly, some recent research has suggested that in older adults, the ability to 783 

inhibit or supress irrelevant information could also be delayed in time [10, 39, 40]. 784 

The main goal of the present research was to investigate if the ability to develop 785 

task based expectancies is also delayed in normal aging. To this end, we conducted a 786 

series of four experiments where younger and older adults performed different strategic 787 

priming tasks. A common factor in these tasks was that the way prime information is 788 

used (strategic or controlled, vs. non-strategic or automatic) allows the measure of 789 

priming effects in opposite directions. To explore the time course of these effects, the 790 

SOA was manipulated across experiments and thus achieve a range of intervals, which 791 

included 400, 1000 and 2000 ms. 792 

To further understand if these age differences were associated to changes in 793 

working memory capacity and attention control, both younger and older participants in 794 

our experiments also performed a Change Localization task (to assess WMC), and a 795 

version of the Antisaccade task that included both antisaccade and prosaccade trial 796 

blocks (to assess attention control). 797 

This research strategy has produced a wealth of results. Firstly, relative to 798 

younger individuals, older adults responded consistently slower (and less accurate) in 799 
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all the tasks. This result is consistent with a large body of evidence showing a 800 

generalized decline in processing speed with normal aging [3, 5]. A second relevant 801 

finding was a reduction in WMC in older adults found in all our experiments. Their 802 

performance in the Change Localization task was always worse than with younger 803 

participants. These results replicate the pattern found in other similar visual WM tasks, 804 

such as the Change Detection task [10].  805 

An additional important finding was that performance in the WMC task (k 806 

scores) negatively correlated not only with the age or the overall speed in the 807 

Antisaccade task, but also with their differential performance between the antisaccade 808 

and prosaccade blocks. Thus, the decreased WMC likely resulting of aging seems to be 809 

associated not only with an overall processing speed decline, but also with a reduced 810 

capacity for attention control in older adults. This idea is further supported by evidence 811 

in all our experiments of older adults presenting greater deterioration of responses (both 812 

latency and accuracy) in the more control demanding antisaccade than in the prosaccade 813 

condition (see Tables 2, 4, and 6). 814 

These findings are consistent with previous research showing that individuals 815 

with a lower WM Capacity are also impaired on several attention tasks, such as the 816 

Stroop or the antisaccade task, which require participants to maintain the relevant 817 

information in WM while performing an ongoing task [25, 29, 43]. Our results are also 818 

compatible with the executive attention theory of working memory developed by Engle 819 

and colleagues [65]. In that theory, inter-individual differences in WMC would mainly 820 

reflect variations in a domain-general attention control ability, necessary to sustain the 821 

task goal and constrain the focus of attention to relevant target in the presence of 822 

distraction. 823 

Particularly relevant were the results from our priming tasks showing a delay in 824 
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the development of expectancies in older adults. Younger participants showed strategic 825 

effects already at 1000 ms SOA (with Stroop in experiments 1 and 2, with congruency 826 

priming in Experiment 3). But this was not the case with older participants, as they 827 

consistently failed to show reversed strategic priming during the same interval and 828 

tasks. These results replicate those found by Froufe et al. (2009) [20] in a similar 829 

strategic Stroop-like task with a prime-target SOA of 1125 ms. Other semantic priming 830 

studies using a similar SOAs (e.g., 950 ms) have also reported problems in Alzheimer’s 831 

Dementia and healthy older adults when having to generate attentional expectations for 832 

semantically related information [21]. One could therefore conclude that controlled 833 

strategic processing is impaired with normal aging. 834 

Braver and colleagues have in fact suggested that one of the fundamental 835 

mechanisms that leads to age-related cognitive changes is a deficit in the ability to 836 

process contextual information for a proactive mode of control. These authors have 837 

developed the dual-mechanisms control (DMC) model to explain cognitive deficits in 838 

older adults and other clinical populations (e.g., schizophrenia). The model assumes that 839 

goal directed behavior could be the result of two different modes of cognitive control: 840 

proactive and reactive [66-68]. Proactive control would reflect a preparatory and 841 

resource demanding type of control in which a predictive cue (or context) is used by 842 

individuals to prepare a specific response to a future target. This control mode requires 843 

active maintenance of the goal-relevant information in an accessible state (in Working 844 

Memory) to efficiently focus attention on that information while ignoring competing 845 

distractors. In contrast to proactive control, the reactive form of control does not require 846 

a continuous effort or monitoring, but instead involves using a target stimulus to 847 

automatically retrieve appropriate actions from long-term memory. By using different 848 

tasks and experimental procedures (e.g., the AX-Continuous Performance Test, AX-849 
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CPT) to assess the DMC theory, Braver et al. have reported evidence that relative to 850 

younger individuals, healthy older adults would show a reduced tendency to use 851 

proactive control, but an increased tendency to use reactive control [68, 69].  852 

 On the other hand, as noted in the introduction, previous work has found that in 853 

younger adults expectancy effects are usally increased with the SOA, but they seem to 854 

decrease in older adults ([41]; Experiments 1 and 3), when the prime appears briefly on 855 

the screen and is not available during the interstimulus interval. That drop in expectancy 856 

effects could be due to difficutlies in the older group to maintain the relevant 857 

information in WM.  858 

 Note that in our priming tasks the prime stimulus did not remain on the screen 859 

during the whole SOA interval and, instead, was always presented for only 200 ms 860 

followed by a blank screen. If older participants in our experiments find it difficult to 861 

maintain information about the prime in WM compared to younger ones, then they may 862 

still show reduced strategic effects when giving them extra time (2000ms) to complete 863 

their strategies.  864 

  But this was clearly not the case in either Experiment 2 or Experiment 4. When 865 

the prime-target SOA was lengthened to 2000 ms, older adults could strategically use 866 

the information provided by the prime stimulus to anticipate the target response. They 867 

could hold this information in WM despite the prime stimulus disappearing after a short 868 

exposure until the target onset. Thus, our older participants responded reliably faster to 869 

incongruent than to congruent targets on both the Stroop task (Experiment 2) and the 870 

Congruency-priming task (Experiment 4). These strategic priming effects were similar 871 

in magnitude to those showed by the younger participants and were also unaffected by 872 

task practice. These results are in clear contrast to those reported previously by others 873 

[41] and the simplicity of our tasks might be the reason. Future research might be 874 
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needed to investigate: a) how changes in WM load impact time course of expectancy 875 

generation in older adults, and b) how the perceptual availability of prime information 876 

during this period of time may reduce this load.    877 

 The present findings replicate and extend the results from other previous studies 878 

in showing that not only the ability to inhibit or disengage from irrelevant information, 879 

but also the ability to efficiently implement controlled facilitatory strategies (i.e., 880 

expectancy generation) would be delayed in time, rather than abolished in normal aging. 881 

An interesting issue for future research would be to compare strategic priming effects at 882 

longer SOA intervals (e.g., 2000 ms) in healthy older adults and those with Alzheimer’s 883 

dementia (AD). This would allow us to determine whether the deficits observed in the 884 

patient population are also due to a delay in the implementation of strategies (as 885 

observed with older adults) or instead, they are unable to generate predictive 886 

expectations even at intervals of 2000 ms or beyond. 887 

 888 

 889 

 890 

 891 

 892 

 893 

 894 

 895 
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