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Abstract 

The present study focused on the role of task preparation in age-related task-switching 

deficits. In Experiment 1, we assessed the preparatory reduction of alternation costs (i.e., 

alternating-task conditions vs. single-task conditions) in twenty-two older adults (65-78 

years) and 22 young adults (20-28 years) by varying the response-stimulus interval (RSI) in a 

task-switching paradigm with a predictable task sequence and univalent stimuli. In 

Experiment 2, in which new groups of 22 older adults (65-78 years) and 22 young adults (18-

24 years) took part, we replicated Experiment 1 with bivalent stimuli, which were associated 

with both tasks and thus increased task-set competition. Whereas in Experiment 1, in which 

we used univalent stimuli, there were no age-related differences in the preparatory reduction 

of alternation costs, the data showed impaired task preparation in old age with bivalent 

stimuli in Experiment 2. These data support the notion that task-preparation deficits in old 

age occur particularly in situations of increased task-set competition. (156 words) 
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1. Introduction 

Aging is accompanied by a decrease in cognitive control (see Craik & Salthouse, 

2000, for a review), which is defined as the ability to flexibly adjust goal-directed behaviour 

to constantly changing situational demands (Miller & Cohen, 2001). Age-related deficits in 

cognitive control have often been explored in studies requiring task switching (see, e.g., 

Wasylyshyn, Verhaeghen, & Sliwinski, 2011, for a meta-analysis). In these studies, older 

adults typically show larger performance costs when they are required to switch between 

tasks than young adults. 

Switching-related performance costs are usually reduced when there is sufficient time 

available to prepare for a task switch (e.g., see Kiesel et al., 2010, for a review). Some studies 

provide evidence that older adults are able to prepare for a task switch at least as effectively 

as young adults (e.g., Hartley, Kieley, & Slabach, 1990; Kramer, Hahn, & Gopher, 1999; 

Experiment 2; Lawo & Koch, 2012). However, other studies observed an impaired task 

preparation in old age (e.g., Hsieh & Wu, 2010; Kramer et al., 1999; Experiment 3; Lawo, 

Philipp, Schuch, & Koch, 2012). Thus, studies about the effect of age on task preparation 

revealed mixed findings.  

In the present study, we re-examined the effect of age on task preparation. In 

Experiment 1, we assessed switching-related performance costs and age-associated 

differences in the preparatory reduction of these costs using univalent stimuli. In Experiment 

2, we explored whether such age-related differences are exacerbated when task-set 

competition is increased by using bivalent stimuli.  

1.1. Task switching and accounts of switching-related performance costs 

In the task-switching paradigm, subjects switch between two tasks or repeat them 

across trials. Performance is typically slower and more error prone in task switches than in 

repetitions (see Kiesel et al., 2010, for a review). Depending on the experimental design, a 
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distinction is drawn between three measures reflecting the increased cognitive demands in 

switch trials.  

One of these measures is the alternation cost. This cost is computed by contrasting 

performance in single-task blocks, which are by definition repetition trials, with performance 

in alternating-task blocks, in which the task changes after each trial, and thus, no immediate 

task repetitions occur (e.g., Jersild, 1927).  

Using mixed-task blocks where, in addition to switch trials, repetition trials are also 

included, mixing costs can be analyzed as a further index of performance deterioration. These 

costs are computed as the difference between the performance in repetition trials of mixed-

task blocks and the performance in single-task blocks (e.g., Rubin & Meiran, 2005). 

Finally, switch costs can be assessed as a third measure of performance degradation. 

These costs are calculated in mixed-task blocks by contrasting performance in repetition trials 

with that in switch trials (e.g., Rogers & Monsell, 1995).  

Switching-related performance costs have been shown to be reduced when there is 

sufficient time available to prepare for the upcoming task (see Kiesel et al., 2010, for a 

review). Preparatory processes in task switching can be investigated by varying the cue-

stimulus interval (CSI) in unpredictable task sequences (e.g., Meiran, 1996) or the response-

stimulus interval (RSI) in predictable task sequences (e.g., Rogers & Monsell, 1995).  

Different accounts have been proposed to explain the performance deterioration in 

switch trials and the reduction of this deterioration with preparation time. According to the 

proactive interference (PI) account by Allport, Styles, and Hsieh (1994), performance in 

switch trials is impaired because the target task set was irrelevant in the previous trial and 

therefore inhibited, whereas the non-target task set was relevant and received additional 

activation. In switch trials, this causes interference “in the form of continued priming of the 

previous task (competitor priming) and suppression (negative priming) of the currently 
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intended task” (p. 293). Switching-related performance costs are reduced with preparation 

time because with long intervals, there is more time available for task-set dissipation than 

with short intervals, resulting in less interference in switch trials. 

In contrast to the PI account, reconfiguration models assume that in switch trials, a 

task-set reconfiguration takes place which results in an increased activation of the relevant 

task set in working memory (e.g., Meiran, 2000; Rogers & Monsell, 1995). These 

reconfiguration processes (e.g., task-set updating and the readjustment of task-set activation 

levels) are time-consuming, leading to slower responses in switch trials than in repetition 

trials. With long intervals, there is more time available for these reconfiguration processes 

than with short intervals, resulting in reduced switching-related performance costs. 

1.2. Accounts of cognitive aging and the effect of age on task-switching performance  

Numerous studies have addressed the question of whether there are age-related 

decreases in task-switching performance and of whether these decreases are the result of 

general limitations in the processing speed or of process-specific limitations. According to 

accounts of general processing limitations (e.g., general slowing hypothesis; Salthouse, 

1996), the older adult’s poorer performance in different tasks is due to a general decrease in 

processing speed in all cognitive processes. The reason for this decline may lie in an age-

related reduction in the efficiency with which neurons transfer information (Cerella, 1985).  

In contrast to accounts of general limitations in the processing speed, accounts of 

process-specific limitations assume that there are age-related impairments only in some 

cognitive processes and that these impairments are not a result of a decrease in processing 

speed (e.g, inhibitory deficit theory; Lustig, Hasher, & Zacks, 2007; Hasher & Zacks, 1998). 

Hence, to demonstrate such specific changes in cognitive processing, one needs to show that 

these changes cannot be explained by proportional slowing (see, e.g., Kray, 2006). 
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Research on the effect of age on task-switching abilities showed that there are age-

related deficits in mixing costs (e.g., Reimers & Maylor, 2005; Verhaeghen & Cerella, 2002; 

Wasylyshyn et al., 2011), whereas age-related differences in switch costs are frequently non-

existent (e.g., Hartley, Kieley, & Slabach, 1990; Wasylyshyn et al., 2011) or only moderate 

(e.g., Kray & Lindenberger, 2000). The age-associated increase in mixing costs has been 

shown to be disproportional to the older adults’ baseline performance (Kray, 2006), 

suggesting a process-specific account. 

Mixing costs supposedly index cognitive processes of updating and maintaining two 

task sets in working memory (Mayr, 2001). Thus, these findings suggest that older adults’ 

performance in task switching is hampered by a decline in these processes than by the 

requirement to switch between tasks. Alternation costs include additional costs due to flexible 

switching requirements, but these costs seem to be not age-specific (see Wasylyshyn, 

Verhaeghen, & Sliwinski, 2011, for a meta-analysis). Hence, the mechanisms leading to age-

related differences in alternation costs should be the same as those reflected by mixing costs.   

Mayr (2001) demonstrated that age-associated differences in switching-related 

performance costs are large when task-set competition is increased and the internal 

differentiation between task sets is difficult. For example, task-set competition is increased 

when stimuli and/or responses are bivalent. In contrast to univalent stimuli, which are linked 

to one task only, bivalent stimuli are associated with two tasks, resulting in competing task 

sets and in an increased difficulty of task-set differentiation. When the responses for two 

tasks are separated, hence with no overlap between the response specifications of the tasks, 

the responses are univalent and the competition between the response sets is low. In contrast, 

the response set-up is bivalent and task-set competition is increased when responses for two 

tasks overlap physically (i.e., same set of response keys) or conceptually (i.e., two tasks are 

mapped onto different hands, but the same spatial mapping is used in both tasks). When 
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stimuli and/or responses are bivalent, the maintenance and updating of task sets in working 

memory is particularly difficult because there is a high competition and interference between 

them. Thus, univalent and bivalent stimuli as well as responses differ in the recruitment of 

working memory processes. 

In addition to studies which explored whether older adults show larger switching-

related performance costs than young adults, there are also studies that focused especially on 

age-associated differences in the preparatory reduction of switching-related performance 

costs. Several studies suggested intact task-preparation ability in old age comparable to that 

in young adults (e.g., Hartley et al., 1990; Lawo & Koch, 2012; Meiran, Gotler, & Perlman, 

2001). However, some studies showed an age-related decrease in the preparatory efficiency 

(e.g., Hsieh & Wu, 2001; Kramer et al., 1999; Experiment 3; Lawo et al., 2012). Lawo and 

colleagues (2012), who found an age-related deficit in the preparatory reduction of 

alternation costs, argued that this deficit indicates that preparation processes involved in the 

updating of task set in working memory are impaired in old age.  

A reason for the inconsistent data pattern may lie in vast methodological differences 

between these studies. Apart from the stimuli and tasks, these differences concern, for 

example, the number of tasks (two vs. three), the type of the preparation interval (RSI vs. 

CSI), its duration, and the way of its variation (within blocks vs. across blocks).  

Yet, in spite of these differences, a comparison of the existing studies suggests that 

older adults show impaired preparatory efficiency especially in situations with increased task-

set competition, which hampers the maintenance and updating of task sets in working 

memory and hence increases the demands on working memory processing. In the study by 

Lawo and colleagues (2012), task-set competition was more pronounced than in the above 

reviewed studies because, in addition to bivalent stimuli, Lawo and colleagues (2012) used 

three tasks and subjects were required to differentiate between three instead of two competing 
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task sets. This study suggests that age-related preparatory deficits in the context of increased 

task-set competition might contribute to age-related effects in switching-associated 

performance costs. Consequently, it is important to explore task-set competition, switching-

related performance costs in old age, and age-related differences in preparation effects 

together. Since Mayr (2001) did not explore age-related differences in preparatory processes 

and the above reviewed studies about task preparation in old age used exclusively bivalent 

stimuli, there is currently little clarity on the impact of task-set competition on age-associated 

differences in preparatory processes. 

1.3.The present study 

In the present study, we investigated whether task-set competition contributes to age-

related deficits in task switching and task preparation by varying the RSI and comparing task 

switching performance with univalent stimuli (Experiment 1) to that with bivalent stimuli 

(Experiment 2). The goal was to replicate the finding of increased switching-related 

performance costs in old age in situations with high task-set competition (Mayr, 2001) and to 

extend the negative effect of task-set competition to task-preparation effects in old age. This 

would indicate that age-related differences in task preparation are increased particularly when 

working memory demands are high. 

In the study by Lawo and colleagues (2012), which suggested age-related preparatory 

deficits, the task changed after each trial and hence task preparation was explored using 

alternating-task blocks. Since subjects have to switch back and forward in such blocks, 

alternation costs instigate strong competition and thus might be a more sensitive measure for 

age-related deficits in task preparation than mixing costs and switch costs. For this reason, we 

explored age-related differences in the preparatory efficiency based on alternation costs.  

To assess the preparatory efficiency, we chose RSIs of 100 ms and 600 ms as 

preparation intervals because for predictable task sequences, Rogers and Monsell (1995) 
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showed that RSIs up to 600 ms are used for the active preparation of a task switch and that 

there is no evidence for passive decay of the prepared task sets with RSIs of this length. 

Moreover, they demonstrated that for longer preparation intervals, there is no further 

preparatory reduction of switching-related performance costs, indicating that preparatory 

processes in predictable task sequences may take about 600 ms to accomplish. 

2. Experiment 1 

In Experiment 1, we aimed to examine age-related differences in the preparatory 

efficiency under situations of low task-set competition in a task-switching paradigm with a 

varying RSI and a predictable task sequence including a task switch after each trial. In 

contrast to most previous studies, we used univalent stimuli to reduce task-set competition by 

decreasing the interference between potential relevant task sets at the stimulus level.  

We hypothesized that performance is slower and more error prone in alternating-task 

blocks than in single-task blocks, resulting in alternation costs and that the long RSI is used 

for task-set updating, leading to a reduction of these costs. Since due to the use of univalent 

stimuli, task-set competition and demands on working memory were low in Experiment 1, we 

examined whether there are still age-related effects in alternation costs and in task-

preparation effects under these conditions.  

2.1. Method 

2.1.1. Participants 

Twenty-two young adults (11 women; range: 20-28 years; M = 22.5) and 22 older 

adults (11 women; range: 65-78 years; M = 70.9) participated in the experiment1. The 

subjects were recruited from the participant pool of the Institute of Psychology of the RWTH 

Aachen University and they were paid for their participation (10€) or received course credit. 

All subjects gave written consent to take part in the study after the experiment had been fully 

explained and they filled in a demographic questionnaire (see Table 1). The age groups did 
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not significantly differ with regard to the number of years of formal education (young adults: 

15.3 years; older adults: 15.5 years; two-tailed t-test: t(42) = 0.25, p = .80). All subjects had 

normal or corrected-to-normal vision and none of them reported suffering from neurological 

diseases. 

To ensure that there were no subjects with cognitive impairments, the subjects 

performed the screening instrument DemTec (Kessler, Calabrese, Kalbe, & Berger, 2000). 

The scores were comparable across groups (young adults: 17.6; older adults: 17.3; two tailed 

t-test: t(42) = 1.52, p = .51) and they were all below the cut-off indicative for mild cognitive 

impairment (MCI) or dementia.  

2.1.2. Stimuli, tasks, and responses 

The stimuli consisted of a fixation cross (+), digits (1 to 9, without 5), and capital 

letters (consonants: G, K, M, R; vowels: A, E, I, U)2. The fixation cross was presented at 

screen centre, where it stayed the entire experiment. Digits and letters were 2.0 cm in height 

and 1.6 cm in width, and were displayed in white Arial font on a black 17 inch screen placed 

at a distance of approximately 50 cm. Digits appeared to the left of the fixation cross and 

letters to the right of the fixation cross, or vice versa, counterbalanced across subjects. The 

distance from the stimuli to the fixation cross was 7.5 cm.  

The tasks were to categorize digits as odd or even and to categorize letters as 

consonant or vowel, emphasizing speed and accuracy. These tasks were performed using the 

index and middle finger of the hand corresponding to the stimulus presentation location. We 

used the keys W, E, O, and P of a keyboard as response keys. The leftmost response of each 

hand was used either for the even or the consonant classification and the rightmost response 

for the odd or vowel classification. A reminder of key assignment was placed at the bottom of 

the screen. 

2.1.3. Procedure 



Running head: TASK PREPARATION IN OLD AGE                                                  page 11 

 

The experiment was run with E-Prime 1.1 (Psychology Software Tools, Inc. 

Pittsburgh, PA) in a single session with one subject at a time and started with one single-task 

block of 41 trials for each task type, followed by two alternating-task blocks, each consisting 

of 81 trials. After this, one single-task block of 41 trials was once again performed for each 

task. Prior to each single-task block, 5 practice trials were administered when the digit and 

the letter tasks were performed for the first time. The alternating-task blocks were preceded 

by 8 practice trials. 

In each single-task block, one of the two tasks was performed repeatedly. The stimuli 

were presented on one side of the screen and disappeared immediately after a response was 

executed. The next character occurred after a random RSI of 100 ms or 600 ms.  

In alternating-task blocks, participants performed both tasks in alternating order. 

Hence, there was a fixed task sequence with a task switch after each trial. The stimuli were 

displayed alternately to the left and right of the fixation cross and disappeared directly after 

response execution. The RSI varied like in single-task blocks. One of the two alternating-task 

blocks started with the digit task and the other with the letter task.  

The stimuli were presented randomly with the stipulation that no character was 

repeated in two consecutive trials and that all stimuli appeared equally often. Whether the 

subjects initially performed the digit or the letter task was counterbalanced across 

participants. The RSI varied randomly with the stipulation that there was the same number of 

short and long RSIs in each block3. Thus, there was the same number of trials with a short 

RSI and a long RSI across single-task blocks and alternating-task blocks. There was no time 

limit for responding and no error feedback. 

Design. The 2x2x2 mixed design included the independent within-subjects variables 

task transition (repetition trials vs. switch trials) and RSI (100 ms vs. 600 ms). Age group 

(young vs. older adults) was a between-subjects variable.  
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2.2. Results and Discussion 

Practice trials, the first trial in each block, error trials, and trials following an error 

were excluded from reaction time (RT) analysis. Moreover, trials with RTs exceeding 3 SD 

from each individual’s mean RT (per condition) were discarded as outliers (1.8% for each 

age group). Separate analyses of variance (ANOVAs) were run on mean RTs (see Figure 1) 

and error rates (see Table 2).  

Since the use of mean RTs for a performance comparison of young and older adults is 

linked to the problem of age-related differences in baseline performance, we employed a 

logarithmic transformation that rescaled RTs of both age groups to a common scale, making 

them less susceptible to differences in overall speed (e.g., Kray & Lindenberger, 2000). 

Significant effects in log RTs indicate that age-related performance differences are 

disproportional to age-associated differences in the baseline performance (Faust, Balota, 

Spieler, & Ferraro, 1999). Thus, log RTs take general slowing into account (Salthouse, 1985). 

To confirm the results concerning significant effects of age groups on mean RT data, we 

repeated the analysis with log RTs.  

--- Figure 1 and Table 1--- 

The ANOVA on RTs showed a main effect of task transition, F(1, 42) = 66.75, p < 

.001, ηp² = .61, indicating alternation costs of 164 ms (switch trials: 819 ms; repetition trials: 

655 ms). Furthermore, the main effect of RSI was reliable, F(1, 42) = 107.17, p < .001, ηp² = 

.72. Responses were slower after a short RSI than a long RSI (775 ms vs. 700 ms), reflecting 

an RSI effect of 75 ms. The interaction of task transition and RSI was also significant, F(1, 

42) = 8.14, p < .01, ηp² = .16, resulting in reduced alternation costs with long RSI (179 ms vs. 

148 ms).  

Moreover, there was a main effect of age group, F(1, 42) = 44.93; p < .001, ηp² = .52, 

reflecting longer RTs in older than in young adults (859 ms vs. 616 ms). Even though there 
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was a clear numerical trend toward larger alternation costs in older than in young adults (202 

ms vs. 125 ms), the interaction of task transition and age group was non-significant, F(1, 42) 

= 3.68, p = .06, ηp² = .08. The interaction of age group and RSI was reliable, F(1, 42) = 

11.01, p < .01, ηp² = .21, indicating that older adults showed a larger RSI effect than young 

adults (99 ms vs. 51 ms). However, the three-way interaction of task transition, RSI, and age 

group was not significant, F(1, 42) = 1.49, p = .24, ηp² = .03. Apart from the age-related 

difference in baseline performance, F(1, 42) = 61.01, p < .001, ηp²  = .59, all interactions with 

age group (including the interaction with RSI, F(1, 42) = 3.01, p = .10, ηp²  = .06) were non-

significant when using log RTs, all ps > .23.  

The ANOVA on error rates disclosed a main effect of task transition, F(1, 42) = 

12.38, p < .01, ηp² = .23, reflecting alternation costs of 1.0% (switch trials: 1.8%; repetition 

trials: 0.8%). The interaction of task transition and RSI was non-significant, F(1, 42) = 4.02, 

p = .051, ηp² = .09, but there was a trend toward a reduction of error-related alternation costs 

with long RSI (1.5% vs. 0.5%). All other effects were not significant, too, all ps > .18. 

In summary, we found a slowdown in general performance in older adults, as it is 

commonly observed in task-switching studies (e.g., Kray & Lindenberger, 2000). In line with 

findings about age-related effects in mixing costs (see Wasylyshyn et al., 2011, for a review), 

we found an age-associated increase in alternation costs (even though it was not significant at 

the .05 level), but these costs were not disproportionally larger in old adults, and thus, general 

slowing as a potential explanation for age-related effects in these costs could not be excluded. 

Importantly, the RSI-based reduction of alternation costs did not differ across age groups4. 

3. Experiment 2 

In Experiment 1, we found an indication for an age-related increase in alternation 

costs and no age-associated differences in the preparatory reduction of these costs under 

situations with low task-set competition. To explore whether task-set competition influences 
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the size of age-related effects in these costs and in their preparatory reduction, we ran 

Experiment 25, in which we increased task-set competition by using bivalent instead of 

univalent stimuli. Task-set competition results in interference, thus making the differentiation 

between task sets more difficult. As univalent stimuli are associated with just one task, they 

generate only one response, thereby resulting in low interference between task sets. In 

contrast, bivalent stimuli include features relevant to two tasks, and thus, can elicit two 

potential responses. Bivalent stimuli induce, due to the increased interference resulting from 

the activation of the competing stimulus-response rules, greater performance costs than 

univalent stimuli (e.g., Rogers & Monsell, 1995) and larger age-related effects therein (Mayr, 

2001). 

We expected performance to be slower and more error prone with bivalent stimuli, 

which should be reflected by increased alternation costs. Moreover, we assumed that older 

adults would suffer more from increased task-set competition and would therefore show 

larger alternation costs and, in contrast to the findings of Experiment 1, a smaller preparatory 

reduction of these costs than young adults.  

3.1. Method 

3.1.1. Participants 

A new group comprising 22 young adults (11 women; range: 18-24 years; M = 22.4 

years) and 22 older adults (11 women; range; 65-78 years; M = 71.1 years) participated in 

exchange for partial fulfilment of course requirements or financial compensation (8€). All 

participants gave informed consent, filled in a demographic questionnaire, and performed the 

DemTec. The age groups did not differ with regard to the educational level (young adults: 

15.1 years; older adults: 14.0 years; two-tailed t-test: t(42) = 1.08, p = .29). All participants 

had normal or corrected-to-normal vision and they reported to be in good health and free of 

neurological diseases. The DemTec scores were comparable across age groups (young adults: 
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17.6; older adults: 17.1; two-tailed t-test: t(42) = 1.01, p = .32) and all participants were 

found to be within normal age-related limits.  

3.1.2. Stimuli, tasks, and responses 

We used digits (1 to 9, without 5) as stimuli. The tasks were to decide whether the 

digits were even or odd and to judge whether they were smaller or greater than 5. There was a 

fixed task sequence with a task switch after each trial. Digits appearing to the left of a 

centrally positioned fixation cross required a parity judgement and those occurring to the 

right of the fixation cross a magnitude judgement (counterbalanced across subjects). The 

response keys and the effectors were the same as in Experiment 1. The leftmost response of 

each hand was used either for the even or the smaller classification, and the rightmost 

response for the odd or greater classification. 

3.1.3. Procedure and design.  

The procedure and the design were identical to those used in Experiment 1.  

3.2. Results and discussion 

We used identical outlier criteria (young adults: 1.6%; older adults: 1.8%) and error 

definitions as in Experiment 1. Data analyses were based on mean RT (see Figure 1) and 

error rates (see Table 2)6. 

 The ANOVA on RTs yielded significant main effects of task transition, F(1, 42) = 

374.46, p < .001, ηp² = .90, and RSI, F(1, 42) = 89.54, p < .001, ηp² = .68, resulting in 

alternation costs of 457 ms (switch trials: 1,143 ms; repetition trials: 686 ms) and in an RSI 

effect of 83 ms (short: 956 ms; long: 873 ms). As indicated by a reliable interaction of task 

transition and RSI, F(1, 42) = 20.56, p < .001, ηp² = .33, alternation costs were reduced after a 

long RSI (492 ms vs. 422 ms). 

As expected, there was also a main effect of age group, F(1, 42) = 60.06, p < .001, ηp² 

= .59, reflecting faster responses for young than for older adults (758 vs. 1070 ms). 
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Moreover, the interaction of task transition and age group was significant, F(1, 42) = 15.18, p 

< .001, ηp² = .27, indicating that alternation costs were larger for older than for young adults 

(549 vs. 365 ms). The interaction of age group and RSI was not significant, F(1, 42) = 0.60, p 

= .44, ηp² = .01, and the three-way interaction of task transition, RSI, and age group fell just 

short of significance, F(1, 42) = 3.15, p = .08, ηp² = .07. However, the RSI-based reduction of 

alternation costs was numerically smaller for older adults than for young adults (42 ms vs. 98 

ms). Separate 2x2 ANOVAs with the within-subject factors task transition and RSI showed 

that for young adults, the RSI based reduction of alternation costs was significant, F(1, 21) = 

20.19, p < .001, ηp² = .49, whereas for older adults, the interaction of task transition and RSI 

was non-significant, F(1, 21) = 3.76, p = .07, ηp² = .15. However, for older adults, there was a 

numerical trend toward smaller alternation costs after a long RSI than a short RSI. Note that 

when using log RTs, apart from the main effect of age group, F(1, 42) = 66.46, p < .001, ηp² 

= .62, the interaction of task transition, RSI, and age group actually became significant, F(1, 

42) = 6.71, p < .05, ηp² = .14. Hence, the RSI-based reduction of alternation costs was 

disproportionally smaller for older than young adults. All other age-related effects were non-

significant when using log RTs, all ps > .31. 

To better illustrate the difference in the preparatory reduction of alternation costs, we 

calculated the proportional preparation effect (in %), using the formula proposed by Lawo 

and colleagues (2013). To calculate the proportional preparation effect, we divided the 

preparation benefit for a trial type (mean RTshort RSI – mean RTlong RSI) by the mean RT 

(0.5*[mean RTshort RSI – mean RTlong RSI]). Then, we subtracted the proportional preparation 

effect in repetition trials from that in switch trials. For young adults, the preparatory reduction 

of alternation costs (in proportional scores) was 9.1%; for older adults, it was 0.3% (see 

Figure 2). 
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For the error rates, there was a main effect of RSI, F(1, 42) = 5.58, p < .05, ηp² = .12, 

with responses being more error-prone after a short RSI than a long RSI (3.1% vs. 2.4%). No 

other effects were significant, all ps > .40. 

In summary, increasing task-set competition resulted in age-related differences in the 

preparatory reduction of alternation costs. This specific preparation deficit in old age cannot 

be explained on the basis of general slowing and confirms the findings by Lawo et al. (2012). 

4. Comparing age-related effects across Experiment 1 and 2 

To examine the impact of the stimulus valence on age-related effects in alternation 

costs more directly, we compared alternation costs across Experiment 1 and Experiment 2 by 

calculating a 2x2x2x2 ANOVA with the within-subjects variables task transition (repetition 

trials vs. switch trials) and RSI (100 ms vs. 600 ms) as well as the between-subjects variables 

age group (young vs. older adults) and stimulus valence (univalent vs. bivalent). In the 

following, to avoid redundancy, we report only effects including the stimulus valence 

variable (i.e., Experiment 1 vs. 2)7. 

There was a significant main effect of stimulus valence, F(1, 84) = 42.69, p < .001, 

ηp² = .34, indicating that the increase in the stimulus-elicited set competition resulted in 

longer RTs (univalent: 737 ms; bivalent: 914 ms). The interaction between stimulus valence 

and task transition was also reliable, F(1, 84) = 89.76, p < .001, ηp² = .52. Alternation costs 

occurring in the context of bivalent stimuli were larger than alternation costs resulting from 

univalent stimuli (457 ms vs. 164 ms). The interaction of stimulus valence and RSI was non-

significant, F(1, 84) = 0.47, p = .50, ηp² = .01. However, the interaction of stimulus valence, 

task transition, and RSI was reliable, F(1, 84) = 4.26, p < .05, ηp² = .05. The RSI-based 

reduction in alternation costs was greater for bivalent stimuli than for univalent stimuli (70 

ms vs. 31 ms).  
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Moreover, with univalent stimuli, the difference in overall alternation costs between 

young and older adults was 77 ms and with bivalent stimuli, it increased up to 184 ms, but the 

interaction of stimulus valence, task transition, and age group was non-significant, F(1, 84) = 

3.00, p = .09, ηp² = .04 (log RTs: F(1, 84) = 0.15, p = .69, ηp² = .01). Importantly though, the 

four-way interaction of stimulus valence, task transition, RSI, and age group was significant 

for both mean RTs, F(1, 84) = 4.64, p < .05, ηp² = .06, and log RTs, F(1, 84) = 4.15, p < .05, 

ηp² = .05 (see Figure 2 for the preparatory reduction of alternation costs in proportional 

scores). Age-related differences in the RSI-based reduction in alternation costs were greater 

with bivalent stimuli than with univalent stimuli (56 ms vs. -26 ms), indicating that older 

adults show task-preparation deficits in particular when the task-set competition is increased, 

such as with bivalent stimuli. All other interactions with stimulus valence and age group were 

significant neither for the mean RT data, all ps > .14, nor for the log RT data, all ps > 16.  

The ANOVA on error rates disclosed a main effect of stimulus valence, F(1, 84) = 

17.01, p < .001, ηp² = .17, indicating more error-prone responses with bivalent stimuli than 

with univalent stimuli (2.8% vs. 1.3%). All other effects including the valence variable were 

non-significant, all ps > .15. 

To sum up, we found evidence for performance deteriorations due to an increase in 

stimulus-driven set competition. This increase resulted in larger alternation costs and, 

specifically, in age-related differences in the preparatory reduction of these costs, indicating 

that task-preparation deficits in old age occur especially when the differentiation between 

task sets is difficult, confirming recent findings by Lawo et al. (2012) on age-related 

preparation deficits when overall task-set competition is high.   

5. General discussion 

The aim of the present research was to examine the effect of task-set competition on 

the preparatory reduction of switching-related performance costs in old age. To this end, we 
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compared age-associated differences in the preparatory reduction of alternation costs 

occurring in the context of univalent vs. bivalent stimuli (Experiment 1 vs. 2).  

In Experiment 1 with univalent stimuli, age-related deficits in alternation costs were 

moderate and disappeared when using log RTs. Importantly, alternation costs were reduced 

with long RSI, but this reduction did not differ across age groups. Apart from the difference 

in overall speed between age groups, no age-related effect remained significant when using 

log RTs, suggesting a strong role of general slowing on age-related performance differences. 

In Experiment 2 with bivalent stimuli, we found reliable age-associated effects in 

alternation costs. Importantly, an age-related task-preparation deficit was now found, which 

was significant when using log RTs, indicating that general slowing cannot account for this 

finding. Confirming the findings by Mayr (2001), a direct comparison of Experiments 1 and 2 

revealed that increasing task-set competition results in performance deteriorations in terms of 

larger alternation costs and heightened age-related effects in these costs. Moreover, the 

comparison showed that task-set competition results in impaired task preparation in old age. 

In the present experiments, we found a RSI-based reduction in alternation costs. Yet, 

in Experiment 2, in which we used bivalent stimuli, this reduction was larger for young than 

for older adults. This finding conforms to that of Lawo and colleagues (2012), who explored 

task-switching performance under increased task-set competition and also found evidence for 

impaired task preparation in older adults. The existence of a task-preparation deficit in old 

age in the context of bivalent stimuli and the absence of this deficit in situations with 

univalent stimuli suggests, along with the findings of Lawo et al. (2012), that an increase in 

task-set competition has a negative impact on the older adult’s ability to prepare for an 

upcoming task. Thus, older adults cannot prepare for a task switch as effectively as young 

adults when the internal differentiation between task sets is difficult, so that working memory 

demands are particularly increased.  
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Most existing studies on age-related effects in task preparation explored generally 

whether there are age-associated differences in the preparatory efficiency. In contrast to these 

studies, we investigated whether the preparatory efficiency in old age is influenced 

specifically by task-set competition. Hence, our goal was to isolate the effect of task-set 

competition on age-related differences in task-preparation effects.  

The novel finding of the present study is that task-set competition at the level of 

stimuli represents a factor decreasing the preparatory efficiency in older adults. There are 

three possible explanations for this deficit. First, the age-related task-preparation deficit 

might result from impaired task-set updating abilities in old age. Second, task-set 

maintenance might be more difficult for older adults than for young adults. This would 

indicate that age-related differences in task preparation are not primarily due to impaired 

task-set updating abilities, but are rather due to impaired maintenance abilities in old age. 

Third, there might be an age-related decline in both abilities. However, there are many 

studies providing evidence that maintenance abilities are relatively intact in old age, whereas 

processing components of working memory declines with age (e.g., Bopp & Verhaeghen, 

2005; Craik, 1977; Dobbs & Rule, 1989; Park et al., 2002). Moreover, for predictable task 

sequences, there is no evidence for passive decay of task sets in preparation intervals up to 

600 ms (e.g., Rogers & Monsell, 1995). Thus, working memory maintenance and task-set 

dissipation seem to play no important role when task preparation is assessed in predictable 

task sequences with relatively short preparation intervals. This suggests that in the present 

study, age-related task-set updating deficits are the source for the reduced preparatory 

efficiency in old age. 

Hence, our contribution to the literature on age-related deficits in task switching is 

that we identify a specific situation that hampers task-set updating in old age. Moreover, our 

findings indicate that differences in such situational characteristics might be the reason for 
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the mixed findings about the effect of age on task preparation in the existing literature. For 

future research, an important goal will be to further isolate the effect of age on task 

preparation by identifying further situational characteristics that influence task-set updating in 

old age. 

The finding that task-set competition affects task preparation in older adults has 

important implications for theories on cognitive aging in general and in particular for 

accounts of process-specific limitations in old age. There were no age-related differences in 

the preparatory reduction of alternation costs in the context of univalent stimuli, indicating 

that in the case of low task-set competition, updating processes in working memory are not 

impaired by age. However, increasing task-set competition by using bivalent stimuli resulted 

in disproportionally reduced preparation effects in older adults. This provides evidence that 

there are process-specific limitations in old age, affecting the updating ability. For older 

adults, these findings mean that even when there is an impaired task-set updating ability in 

old age, they are able to compensate this deficit when task-set competition is weak, resulting 

in task-preparation effects comparable to those of young adults. Hence, situational 

characteristics, here in terms of task-set competition, seem to determine whether deficits in 

this ability can be compensated. In addition to global deficits in certain cognitive processes, 

theories of cognitive aging should also be able to account for such compensatory effects.  

Apart from the finding of reduced preparatory efficiency in old age due to increased 

task-set competition, our study showed age-related effects in alternation costs. However, 

overall, alternation costs were not disproportionally larger in older than young adults, 

suggesting that general slowing may account to some part for the increased general costs in 

the present study, which in turn points to the important role of decreased preparation in age-

related task-switching impairments.  
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Mayr (2001) showed that age-related differences in task switching are large and 

disproportional when response-sets physically overlap. The age-related increase in 

performance costs resulting from conceptual overlap was similar to when there was no 

overlap between response sets. These findings are in line with other studies which failed to 

demonstrate age-related effects in mixing costs when using univalent or highly natural 

responses that eliminated the need of maintaining arbitrary S-R mappings in working 

memory (e.g., Bojko, Kramer, & Peterson, 2004; Brinley, 1965; Mayr & Kliegl, 2000; 

Salthouse, Fristoe, McGuthry, & Hambrich, 1998). In the present experiments, there was only 

conceptual response-set overlap. Hence, we may assume that age-related effects would have 

been even stronger if we had used physically overlapping task sets, which induce additional 

task-set competition at the level of responses.  

6. Conclusions 

The data suggest that preparatory deficits in the context of increased task-set 

competition contribute to age-related performance deficits. In fact, the preparatory reduction 

of switch-related performance costs may be a particularly sensitive measure of age-associated 

effects, provided that task-set competition is high and overall task selection difficulty is large.  
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Footnote

                                                           
1 Given an alpha of .05 and a sample size of 22 subjects per age group, the statistical power to 

detect large age-related differences in alternation costs and preparation effects (cohen’s d = 

.80) was .84 (Faul, Erdfelder, Lang, & Buchner, 2007).  

 

2 In the present study, we used a small stimulus-set size because there is evidence that age-

related differences in switching-related performance costs occur mainly in situations with 

small stimulus-set sizes (e.g., Kray & Eppinger, 2006; Kray, Karbach, & Blaye, 2012). 

 

3 Please note that Rogers and Monsell (1995) found RSI-based preparation effects in 

predictable task sequences only when they varied the RSI between blocks and not when they 

varied the RSI within blocks. However, in a similar study, De Jong (2000) observed 

preparation effects even with random RSIs. Hence, the type of the RSI manipulation does not 

seem to be a critical factor with regard to the occurrence of RSI-based preparation effects. 

 

4 Experiment 1 was conducted in combination with a dual-task experiment, which we do not 

report here. The order of these experiments was counterbalanced across subjects. An 

ANOVA with the additional between-subjects variable experiment order (Experiment 1 

followed by the dual-task experiment vs. vice versa) showed that the findings of Experiment 

1 did not differ depending on which experiment was performed first (all ps > .36).  

 

5 Experiment 2 was run in combination with a further task-switching experiment, in which we 

assessed mixing costs. However, since this experiment is not fully comparable with 

Experiment 1 and Experiment 2, we do not report the 'mixing cost' experiment here. The 
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order of Experiment 2 and the 'mixing cost' experiment was counterbalanced across 

participants and an ANOVA with the between-subjects variable experiment order 

(Experiment 2 followed by the 'mixing cost' experiment vs. vice versa) showed that the 

experiment order did not affect the performance in Experiment 2 (all ps > .32).  

 

6 The use of bivalent stimuli enabled us to distinguish between incongruent trials and 

congruent trials, and hence, to additionally analyze age-related effects in congruency effects. 

A trial is incongruent when the stimulus evokes different responses for two tasks. In contrast, 

a trial is congruent when the stimulus requires the same key press in both tasks. Indeed, we 

found more erroneous responses to incongruent stimuli than to congruent stimuli (congruency 

effect: 1.2%), F(1, 42) = 5.05, p < .05, ηp² = .11. However, this congruency effect was not 

modulated by age. For the RT data, the congruency effect was not significant, F(1, 42) = 

2.78, p = .13, ηp² = .06. All interactions including congruency and age group showed ps > .26 

in both error and RT data.  

 

7  Since we used the data of Experiment 1 and Experiment 2 twice (separate analysis of 

Experiment 1 and Experiment 2 as well as the data of both experiments in a joint analysis), 

the error probability might have been increased for the between-experiment comparison.  
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Table 1. Demographic information.  

 n Sex  

(% female) 

Age range 

(in years) 

Mean age 

(in years) 

Education 

(in years) 

DemTec 

Scores 
 

Experiment 1 
      

  Young adults 22 50 20-28 22.5 15.3 17.6 

  Old adults 22 50 65-78 70.9 15.5 17.3 

 

Experiment 2 

      

  Young adults 22 50 18-24 22.4 15.1 17.6 

   Old adults 22 50 65-78 71.1 14.0 17.1 
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Table 2. Task-switching performance in Experiment 1 and Experiment 2: mean error rates (in 

percentage; SD in parenthesis) as a function of task transition (switch vs. repetition in 

single-task blocks), response-stimulus interval (RSI; 100 vs. 600 ms), and age group 

(young vs. older adults).  

          Young Adults           Older Adults  

 
RSI 100 ms RSI 600 ms 

RSI 

effect 
RSI 100 ms RSI 600 ms 

RSI 

effect 

Experiment 1       

  Switch trials  2.2 (0.6) 1.8 (0.5) 0.4 2.4 (0.6) 0.7 (0.5) 1.7 

  Repetition trials  0.8 (0.3) 0.7 (0.3) 0.1 0.8 (0.3) 0.9 (0.3) -0.1 

  Alternation costs 1.4 1.1  1.6 -0.2  

Experiment 2       

  Switch trials 4.0 (0.6) 2.9 (0.6) 1.1 2.8 (0.6) 1.9 (0.6) 0.9 

  Repetition trials  3.5 (0.7) 2.8 (0.6) 0.7 2.2 (0.7) 2.2 (0.6) 0 

  Alternation costs 0.5 0.1  0.6 -0.3  
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Figure Captions 

Figure 1. Task-switching performance in Experiment 1 and Experiment 2: mean RTs (in ms) 

as a function of task transition (switch vs. repetition), response-stimulus interval (RSI; 

100 ms vs. 600 ms), and age group (young vs. older adults).                        

 

Figure 2. Preparatory reduction of alternation costs (proportional scores in %) in Experiment 

1 and 2 as a function of age group (young vs. older adults). We first specified the 

proportional preparation effect by dividing the preparation benefit for a trial type (RT 

short – RT long) by the mean RT in this trial type (0.5 * [RT short + RT long]). Then, we 

calculated the preparatory reduction of alternation costs in proportional scores (in %) 

by subtracting the proportional preparation effect in repetition trials from that in 

switch trials. Error bars indicate the standard error of the mean. 
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Figure 1 
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Figure 2 
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