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Abstract

A task-switching paradigm was used to examine differences in attentional control across younger 

adults, middle-aged adults, healthy older adults, and individuals classified in the earliest detectable 

stage of Alzheimer's disease (AD). A large sample of participants (570) completed a switching 

task in which participants were cued to classify the letter (consonant/vowel) or number (odd/even) 

task-set dimension of a bivalent stimulus (e.g., A 14), respectively. A Pure block consisting of 

single-task trials and a Switch block consisting of nonswitch and switch trials were completed. 

Local (switch vs. nonswitch trials) and global (nonswitch vs. pure trials) costs in mean error rates, 

mean response latencies, underlying reaction time distributions, along with stimulus-response 

congruency effects were computed. Local costs in errors were group invariant, but global costs in 

errors systematically increased as a function of age and AD. Response latencies yielded a strong 

dissociation: Local costs decreased across groups whereas global costs increased across groups. 

Vincentile distribution analyses revealed that the dissociation of local and global costs primarily 

occurred in the slowest response latencies. Stimulus-response congruency effects within the 

Switch block were particularly robust in accuracy in the very mild AD group. We argue that the 

results are consistent with the notion that the impaired groups show a reduced local cost because 

the task sets are not as well tuned, and hence produce minimal cost on switch trials. In contrast, 

global costs increase because of the additional burden on working memory of maintaining two 

task sets.
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Episodic memory loss has long been considered a primary cognitive consequence of 

Alzheimer Disease (AD; Albert, Moss, Blacker, Tanzi, & McArdle, 2007; Rubin et al., 

1998; Storandt, Grant, Miller, & Morris, 2006). There is accumulating evidence that AD is 

also associated with other aspects of cognition such as working memory and attentional 
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control (Baddeley, Baddeley, Bucks, & Wilcock, 2001; Balota & Faust, 2001; Belleville, 

Bherer, Lepage, Chertkow, & Gauthier, 2008; Duchek, Balota, Holtzman, Fagan, Tse, & 

Goate, 2009; Perry & Hodges, 1999; Tse, Balota, Yap, Duchek, & McCabe, 2010), factors 

causally linked to episodic memory (e.g., Castel, Balota, & McCabe, 2009; Dywan & 

Jacoby, 1989; Sommers & Huff, 2003). Breakdowns in attentional processes have also been 

shown to be associated with individuals who are at an increased risk for developing AD 

(Balota, Tse, Hutchison, Spieler, Duchek, & Morris, 2010; Duchek et al., 2013; Twamley, 

Ropacki, & Bondi, 2006, for review). Therefore, in order to better understand how early 

stage AD influences cognition relative to healthy aging, it is particularly useful to examine 

performance on a task that places a heavy emphasis on controlled attention. In pursuit of this 

goal, the purpose of the present work is to compare performance on a task-switching 

paradigm across younger adults, middle-aged adults, healthy older adults, and individuals in 

the earliest detectable stage of AD.

Although there are multiple task-switching paradigms, the focus of the present study is on 

paradigms that allow for a comparison of global switch and local switch costs (cf. Clark et 

al., 2012; Mayr, 2001; Wasylyshyn, Verhaeghen, & Sliwinski, 2011; Wetter et al., 2005). 

These paradigms typically provide participants with a block of trials composed of both 

switch and nonswitch trials interleaved within a Switch block, and a separate block of trials 

containing only single-task sets referred to as a Pure block. Errors and mean reaction times 

(RTs) generally increase on switch trials relative to nonswitch trials within the Switch block

—a difference termed the local switch cost (Belleville et al., 2008; Clark Schiehser, 

Weissberger, Salmon, Delis, & Bondi, 2012; Kray & Lindenberger, 2000; Reimers & 

Maylor, 2005; Tse et al., 2010). A common interpretation of local switch costs is that they 

reflect task-set reconfiguration processes associated with changing task sets across trials 

(Rogers & Monsell, 1995). The local switch cost can be contrasted to the global switch cost, 

or the difference in response latency and accuracy between the nonswitch trials within the 

Switch block and Pure block trials. The global switch cost is thought to reflect the cost 

associated with maintaining multiple task configurations within the Switch block relative to 

a single task configuration in the Pure block (Minear & Shah, 2008; Wylie & Allport, 2000).

There is a rich literature examining task-switching components (see Monsell, 2003; 

Vandierendonck, Liefooghe, & Verbruggen, 2010 for reviews), and a critical contribution of 

these paradigms is the evaluation of local and global switch costs in both error rates and 

response latencies. The ability to successfully maintain and respond to changing task 

demands has been suggested to be a distinct executive process that relies upon an efficient 

top-down control system. This system has been argued to operate by alternating between 

activating one task set while simultaneously suppressing the other (Miyake, Friedman, 

Emerson, Witzki, Howerter, & Wager, 2000) and/or an updating process in which working 

memory transitions from a maintenance to an updating process in accord with the shifting 

task set (Mayr, 2001; Mayr, Kuhns, & Hubbard, 2014).

Although task switching has become a central paradigm to investigate attentional control 

systems, relatively few studies have contrasted both local and global costs to evaluate 

attentional differences between healthy aging and early stage AD. As an exception, 

Belleville et al. (2008) had AD and age-matched healthy control participants complete a 
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switch task involving separate blocks of spatial and conceptual task sets. The spatial task set 

required participants to read a digit presented on the left or right side of a fixation point. The 

conceptual task required participants to add or subtract the two digits from each other. The 

Switch blocks pseudo-randomly cued the left/right or addition/subtraction task sets every 

5-9 trials. Participants completed both Pure and Switch blocks to calculate local and global 

switch costs. Relative to age-matched controls, AD individuals produced larger local and 

global switch costs in both RTs and errors; however, this pattern was restricted to the left/

right spatial task. For the addition/subtraction task, only local costs in RTs were greater in 

AD individuals. The increased left/right global and local costs were attributed to AD-related 

deficits in reconfiguring and maintaining task sets across Switch block trials, however, 

equivalent costs of the addition/subtraction task suggests AD individuals may show selective 

deficits for spatial versus conceptual mathematical tasks.

Tse et al. (2010, also see Duchek et al., 2009) also compared switch and nonswitch trial RTs 

for very mild AD and healthy control individuals using a bivariant consonant-vowel/odd-

even (CVOE; Minear & Shah, 2008) switch task, although the focus of this study was on 

commonalities across the Stroop, Simon, and Switching tasks. In the CVOE task, a letter-

number pair (e.g., C 03) was presented and participants were instructed to classify either the 

letter as being a consonant/vowel or the number as odd/even based on a cued task set. In 

contrast to Belleville et al., switch and nonswitch trials varied in a predictable sequence in 

which task sets switched every two trials (AABBAA), a pattern known as the alternating-

runs sequence (see Rogers & Monsell, 1995). Tse et al. found that local costs in RT were 

lower for very mild AD individuals than healthy controls. Tse et al. suggested that the 

reduced local cost in very mild AD was due to an attentional control deficit that reduced the 

likelihood that these participants would suppress one of the task sets across trials, keeping 

both task sets relatively active as trials switched.

Though not a focus of the present study, we note briefly here that there are several 

methodological differences that could account for the discrepancies between Belleville et al. 

(2008) and Tse et al. (2010). First, as noted above, Belleville et al. presented switch and 

nonswitch trials that changed unpredictably every 5-9 trials which may have increased the 

demand for controlled processing (Tornay & Milan, 2001) resulting in a larger cost for AD 

individuals. Second, as Belleville et al. demonstrated by evaluating spatial and conceptual 

switch tasks, AD individuals may show task-specific deficits that produce exaggerated 

decrements on some tasks but not others. Thus, AD-related switch cost differences may be 

driven by task differences rather than more general switching effects. Finally, Belleville et 

al. had participants complete several practice blocks which may have benefitted healthy 

controls more than AD individuals by reducing local costs.

In contrast to the Belleville et al study, the task sets used in CVOE switching by Tse et al. 

(2010) required participants to classify alpha-numeric characters and participants were not 

provided with extensive practice. Deficits in attentional control in advancing age and early-

stage AD may therefore be magnified because these individuals were not provided with 

additional practice that may offset performance declines. If Tse et al. are correct in 

suggesting that increased age and presence of AD may lead to both task sets remaining 

relatively active across trials (thereby producing reduced local costs), one might expect that 
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the maintenance of activation of both task sets would come at an increased global cost for 

the relatively impaired individuals coupled with a reduced local switch cost. Consistent with 

this pattern, Duchek et al. (2009) reported an overall increased global cost and a reduced 

local cost in AD individuals relative to healthy controls and younger adults, though their 

study focused primarily on intraindividual variability in trial responding across three 

attentional control tasks, instead of focusing on task-switching. Therefore, to more closely 

examine the local cost pattern of Tse et al. (2010) and Duchek et al., and to evaluate these 

costs within the context of global costs, the goal of the present study is to evaluate local and 

global costs across a broad age range of individuals including younger adults, middle-aged 

adults, older adults, and individuals with early stage AD, using an attentional switch task 

consisting of a Switch block using an alternating-runs sequence and Pure blocks. Moreover, 

to examine the nature of the global and local cost differences across groups, we also 

evaluated how response differences affect response time distributions, which we will now 

discuss.

RT Distribution Analyses and Switch Costs

The vast majority of attentional tasks rely upon mean (or median) response latencies and 

accuracy as the primary dependent measures. However, researchers have also noted that 

variables can have distinct influences on underlying RT distributions which may differ as a 

function of age and AD status (Hultsch, MacDonald, & Dixon, 2002; Hultsch, Strauss, 

Hunter, & MacDonald, 2008; Spieler, Balota, & Faust, 1996; Tse et al., 2010). Therefore, 

the present study sought to more accurately characterize age- and AD-related switch costs 

by including a Vincentile analysis. This analysis rank orders all RTs for each trial type 

within each participant and groups the rank ordered data into bins containing an equal 

number of trials. For example, to obtain six Vincentiles, trials are ordered from fastest to 

slowest RTs and the first 16.67% are averaged and placed into the first bin, the second 

16.67% of trials averaged into the second bin, and so on.

There is accumulating evidence that characteristics of underlying reaction time distributions 

can dissociate across young and older adults and individuals with very mild AD (see Balota 

& Yap, 2011; Castel et al., 2009). In particular, increasing age and the presence of very mild 

AD is related to an exaggerated slowing in trials found in the last few bins which captures 

the slowest responses in the distribution (Tse et al., 2010). The slowest RTs show the 

strongest correlations with critical constructs such as working memory capacity (Schmiedek, 

Oberauer, Wilhelm, Süβ, & Wittman, 2007; Tse et al. 2010). Variables or individual 

difference measures that influence the slowest RTs have also been attributed to lapses of 

attention (West, 1996; West, Murphy, Armilio, Craik, & Stuss, 2002) or increasing demands 

of memory retrieval processes (Balota, Yap, Cortese, & Watson, 2008). Given the sensitivity 

of the slow bins of multiple variables and constructs, we expect that advancing age and the 

presence of early stage AD would show exaggerated effects in the slowest trials in both local 

and global costs. In this light, the Vincentile analysis is expected to provide a novel 

characterization of attentional impairment in task-switching.

Although Tse et al. (2010) primarily focused on ex-Gaussian analyses, they also included a 

Vincentile analysis on overall reaction time in the Switch block, collapsing across switch 

Huff et al. Page 4

Psychol Aging. Author manuscript; available in PMC 2016 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



and nonswitch trials. Indeed, they found group-related differences were exaggerated in the 

slowest responses, however, they did not compute local switch costs for Vincentile bins. 

Given local switch costs show age- and AD-related differences, it is important to also 

determine whether exaggerated differences in the slowest responses also persist when local 

switch costs are calculated. Further, the absence of a pure block in Tse et al. precluded an 

analysis of pure trial response distributions and their comparison to nonswitch trials to 

examine global costs. Our study therefore included pure trial Vincentiles and calculated 

local and global costs to provide a comprehensive characterization of task-switching 

processes on reaction time distributions in healthy aging and AD impairment.

Congruency Effects in Errors and Response Latencies

The CVOE task-switching paradigm also affords a comparison of trials in which a correct 

response to a given task set is made with the same response key (response congruent trials) 

versus separate keys (response incongruent trials). Specifically, vowel/even and 

consonant/odd responses are considered congruent trials because both stimulus dimensions 

mapped onto the same response key (e.g., A 06 and C 03, respectively). In contrast, 

vowel/odd and consonant/even combinations are considered incongruent trials (e.g., D 06) 

because the stimulus dimensions were mapped onto two separate response keys. Incongruent 

trials are likely to create an additional response conflict due to the divergent key mappings 

of stimulus pairs. Researchers have shown that response conflicts in other attentional tasks 

such as the Simon and the Stroop-switch paradigms are particularly sensitive to age- and 

AD-related differences. Specifically, both errors and RTs have been shown to increase when 

a response conflict occurs on incongruent than congruent trials (Castel, Balota, Hutchison, 

Logan, & Yap, 2007; Hutchison, Balota, & Duchek, 2010). We therefore expected that 

errors and RTs would be greater for incongruent than congruent trials for older and very 

mild AD individuals, providing a third method to characterize attentional differences across 

groups.

Present Research

The present study included four groups of participants which included three groups of 

healthy adults (younger, middle-aged, and older adults) and one group of older adults who 

are at the earliest detectable stage of Alzheimer’s disease. It is noteworthy that these early-

stage AD individuals are relatively high functioning, as reflected by their mean Mini Mental 

State Exam (MMSE; Folstein, Folstein, & McHugh, 1975) of 26.62, though they are highly 

likely to display AD pathology at autopsy (Storandt et al., 2006).

All participants completed three blocks of trials: Two Pure blocks of trials (separate 

consonant/vowel and odd/even blocks), followed by a Switch block that used AABBAA 

alternating-runs sequencing. Individuals with relatively well-tuned attentional systems (i.e., 

younger and middle-aged adults) are expected to show reduced global costs as they are 

better able to maintain two task sets relative to individuals with relatively impaired 

attentional systems (i.e., older adults and very mild AD individuals). However, a well-tuned 

system may produce an exaggerated local cost as described above. The analyses of reaction 

time distributions through Vincentile bins provide greater understanding of the nature of the 
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group differences in local and global switch costs. Finally, by examining the congruency 

effects, we can further characterize the demands on attentional selection of congruent versus 

incongruent stimulus-response mappings within a trial during the Switch block.

Method

Participants

A large sample of 570 individuals were recruited to participate in this study with 30 healthy 

younger adults, 437 non-demented healthy adults (Clinical Dementia Rating; CDR = 0), and 

104 very mild AD older adults (CDR = 0.5). Younger adults were recruited from 

Washington University Psychology Department’s research pool (Mage = 20.23; Range = 

18-221) and the remaining participants were recruited from the Charles and Joanne Knight 

Alzheimer Disease Research Center (Knight ADRC). Healthy adults were further divided 

into middle-aged adults (age ≤ 67; Mage = 58.08; Range = 30-67; 71% Female) and older 

adults (age > 68; Mage = 75.92; Range = 68-95; 57% Female). Very mild AD individuals 

(Mage = 75.15; Range = 51-94; 47% Female) were grouped together regardless of age (see 

Table 1 for Age, Education, and Psychometric task performance for Knight ADRC 

participants), but overall matched the healthy older adult sample in mean age. As mentioned 

above, a subset of these data (30 younger adults, 246 healthy adults and 74 very mild AD 

older adults) was reported in Tse et al. (2010), but Pure trials were not reported. Importantly, 

the current set of analyses includes a larger sample separated into three healthy groups and 

one very mild AD group, and provides contrasts of both global and local switch costs as well 

as Vincentile analyses of these costs, and congruency effects. By separating our healthy 

adults into younger, middle-age and older adult groups (as opposed to only young 

undergraduates versus old in the earlier papers), we can more clearly examine switch costs 

as a function of age in the present report.

Knight ADRC participants were screened for other forms of cognitive impairment (e.g., 

depression, hypertension, etc.) to be consistent with the criteria for “probable AD” as 

determined by the National Institute of Neurological and Communication Disorders and 

Stroke – Alzheimer’s Disease and Related Disorders Association (McKhann, Drachman, 

Folstein, Katzman, Price, & Stadlan, 1984). Dementia ratings were assessed using the 

Washington University CDR scale (Morris, 1993), which assesses dementia severity with 

CDR 0, 0.5, 1, 2, and 3, corresponding to no dementia, very mild, mild, moderate, and 

severe dementia, respectively. The CDR assessment encompasses a 90-min clinical 

interview that assesses participant functioning and gathers information from a close 

collateral source (e.g., family member). The CDR assesses changes in cognition and 

function in such domains as memory, orientation, problem solving, community involvement, 

and personal care. The assessment methods used permit the diagnosis of AD in individuals 

who may be characterized as having mild cognitive impairment elsewhere (Berg et al., 1998; 

Morris et al., 2001). Importantly, the reliability and validity of the diagnosis at autopsy have 

been quite high (93% accuracy), even for those with very mild AD (Storandt et al., 2006).

1Gender information was not collected from younger adult participants.
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Psychometric testing—ADRC participants completed one of two different psychometric 

batteries depending on which project they were enrolled in. These batteries were completed 

during a separate session in which the experimenter was blind to the participant’s CDR 

status. Included in both batteries were the MMSE (Folstein et al., 1975), Animal Naming 

(Goodglass & Kaplan, 1983), Selective Reminding (Buschke, 1973), and Trial Making A 

(Goodglass & Kaplan) tasks. Group comparisons of these psychometric tasks are displayed 

in Table 1 and task performance is in the expected direction across age groups and the 

presence of AD.

Procedures

The CVOE switching task included two sets of task instructions across trials, which differed 

in the required response to a letter/number stimulus pair. On each trial, a letter-number 

stimulus (e.g., D 06) was displayed at the center of the computer screen and participants 

were instructed to classify whether the letter was a consonant or vowel (CV) or if the 

number was odd or even (OE). Letters used were always either A, D, E, H, I, J, O, P, S, or 

U, in which 5 were consonants and 5 were vowels. The numbers used were randomly 

selected between 1 and 99 such that half of the numbers were odd and the other half were 

even. Letters and numbers did repeat within the Pure and Switch blocks with the 

specification that repeats did not occur on consecutive trials. Trials required participants to 

respond either to the letter or number and the response type was specified by a cue (either 

the words consonant/vowel or odd/even). Depending on the cued response type, the words 

consonant/vowel or odd/even were presented at the top left and right corners of the 

computer screen, respectively, to serve as a reminder. Participants were instructed to press 

the d key when responding either consonant or odd, and the k key when responding either 

vowel or even. Trials were such that correct responses were distributed equally between the 

d key and the k key. Stimuli were presented in 24-point Courier New font. Trials were 

presented without an inter-trial delay.

Participants first completed 10 practice trials with feedback and then completed three blocks 

of trials. The blocks were always ordered such that the first two blocks were Pure blocks and 

the third block was a Switch block (modified from Minear & Shah, 2008). Each Pure block 

contained 48 trials and participants were only required to make responses to either the letter 

or the number with one Pure block providing cues to respond to the letter and the other Pure 

block providing cues to respond to the number. Pure blocks were always presented with CV 

trials first followed by OE trials. The Switch block contained 60 trials that were presented in 

an alternating-runs sequence in which cues for one trial were presented successively and 

then switched to the other trial type successively and so forth (e.g., CV, CV, OE, OE, CV, 

CV). This sequencing resulted in 29 switch trials (e.g., an OE trial preceded by a CV trial) 

and 31 nonswitch trials (e.g., an OE trial preceded by an OE trial). Congruent and 

incongruent trials were presented in a pseudo-random order that was not correlated with 

ordering of CV/OE trials. Both the response cue and the stimulus were presented 

simultaneously and the stimulus remained on the computer screen until participants made a 

response. Participants were instructed to respond as quickly as possible without 

compromising accuracy. Additionally, on the Switch block, participants were instructed 

before the block about the order of the trials (i.e., the alternating-runs sequencing). The task 
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was presented using E-Prime software (Schneider, Eschman, & Zuccolotto, 2002) on a 

CRT-VGA monitor and participants were tested individually. No participants reported issues 

with being able to see the CV/OE stimuli.

Results and Discussion

For all results reported, statistical significance was set at p < .05 two-tailed, unless otherwise 

noted. Effect sizes of ηp
2 are reported for significant F-tests and Cohen’s d for significant t-

tests. For all RT analyses, only correct trials were utilized. In order to avoid the analyses 

being unduly influenced by extreme scores, RT outliers were defined as RTs less than 200 

ms (likely anticipation RTs), greater than 10,000 ms (likely off-task RTs), and those above 

or below 3 standard deviations of each participant's mean. The RT trimming procedure 

eliminated 1% or less of trials within Pure blocks across groups, 2.0%, 2.7%, 4.7%, and 

7.5% of nonswitch trials for younger, middle-aged, older, and very mild AD individuals, 

respectively, and 7.5%, 4.9%, 4.9%, and 6.1% of switch trials from those same groups.

In the following analyses, we first examine the errors, mean RTs, and z-transformed RTs (to 

control for group-related slowing, see Faust, Balota, Ferraro, & Spieler, 1999) as a function 

of group and trial type followed by an age comparison of global and local switch costs. As 

noted, local costs were calculated by subtracting nonswitch trial responses from switch trial 

responses within the Switch block. Global switch costs were calculated by subtracting pure 

trial responses from nonswitch trial responses within the Switch block. Mean Vincentiles for 

each group of participants were then plotted to produce the RT distribution profile for each 

participant group as a function of condition. Finally, congruency effects are reported which 

reflect either congruent or incongruent cross-trial response mapping in the Switch block.

Errors

Error percentages as a function of trial type and group are displayed in Figure 1. Error rates 

were greatest in the switch (12.0%) relative to nonswitch trials (4.8%), which in turn, were 

greater than the pure trials (3.0%). In addition, errors increased across the young (3.5%), 

middle (3.8%), older (6.7%), and very mild AD (12.3%) groups. These patterns were 

confirmed by significant main effects of Trial Type, F(2, 1132) = 193.67, MSE = 35.6, ηp
2 

= .26, and Group, F(3, 566) = 45.64, MSE = 117.46, ηp
2 = .20. These main effects were 

qualified by a significant interaction, F(6, 1132) = 8.89, MSE = 35.61, ηp
2 = .05, which was 

due to a larger increase in errors on nonswitch and switch trials for older and very mild AD 

groups than younger and middle-aged adults. Specifically, post hoc comparisons revealed 

that for younger and middle-aged adults, errors on pure and nonswitch trials were 

equivalent, ts < 1.83, ps > .08, but increased across nonswitch and switch trials, ts > 12.97, 

ds > 3.25. For older and very mild AD individuals, errors increased sharply across pure, 

nonswitch, and switch trials, all ts > 3.52, ds > 0.26.

Local and Global switch costs in errors—As shown in the bottom panel of Figure 1, 

no differences occurred in local costs in errors rates across groups, F <1. However, a group 

effect was found in global costs, F(3, 566) = 14.77, MSE = 67.21, ηp
2 = .07. Post hoc 

comparisons revealed that global costs were equivalent among younger adults (−0.8%), 

middle-aged adults (−0.2%), and older adults (2.1%), all ts < 1.81, ps > .07. However, global 
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costs were greater for very mild AD individuals (6.1%), relative to all other groups, ts > 

2.78, ds > 0.48.

Mean RT

As displayed in the top panel of Figure 2, participants were faster to respond to pure trials 

followed by nonswitch and switch trials. As expected, there were also group differences in 

overall response latencies, with the very mild AD individuals producing the slowest 

responses. These patterns were confirmed by main effects of Trial Type, F(2, 1128) = 

741.09, MSE = 195252, ηp
2 = .57, and Group, F(3, 564) = 80.39, MSE = 1038148, ηp

2 = .30. 

Also a significant interaction was found, F(6, 1128) = 33.96, MSE = 6629876, due to an 

exaggerated increase in mean RTs for older and very mild AD individuals compared to 

young and middle-aged adults, for trials in the Switch block relative to the Pure block, all ts 

> 4.42, ds > 0.21.

Local and Global switch costs in mean RT—As shown in the bottom panel of Figure 

2, local switch costs appeared to be greatest for younger adults, followed by middle-aged, 

older, and very mild AD individuals. This decrease was confirmed by a significant one-way 

ANOVA, F(3, 564) = 13.00, MSE = 2617589, ηp
2 = .07. Post-hoc comparisons revealed that 

local costs were only numerically greater for younger adults than middle-aged adults, t(245) 

= 1.38, SEM = 37.24, p = .17, and marginally greater for younger adults than older adults, 

t(246) = 1.70, SEM = 41.49, p = .09, d = 0.22. Local costs were similarly equivalent between 

middle-aged and older adults, t(433) = 1.46, SEM = 29.42, p = .15, however, local costs in 

these three groups were all greater than the very mild AD individuals, ts > 4.12, ds > 0.46.

Turning to global switch costs—the response difference between nonswitch trials in the 

switch block and pure trials—the opposite pattern was found. Younger adults actually 

showed the smallest global switch cost which increased across middle-aged, older, and very 

mild AD individuals, F(3, 564) = 46.33, MSE = 23321652, ηp
2 = .20. Global costs increased 

significantly across younger, middle-aged, and older adults, ts > 6.24, ds > 0.79, but were 

similarly equivalent between older and very mild AD individuals, t(319) = 1.49, SEM = 

72.81, p = .14.

Standardized Response Latencies

One needs to be cautious in interpreting the effects of variables when mean response latency 

varies dramatically across groups. Hence, we also report a z-transformation on raw RTs to 

control for group-related processing speed differences (see Faust et al., 1999) in which 

response latencies were converted to z-scores separately for each individual based on their 

mean and standard deviation across trial types. Figure 3 (top panel) summarizes participants’ 

z-transformed RTs for each of the three trial types for each of the groups. Responses were 

fastest on pure trials followed by nonswitch and switch trials, a pattern confirmed by a main 

effect of Trial Type, F(2, 1128) = 1888.84, MSE = .12, ηp
2 = .77. An effect of Group was 

also found, F(3, 564) = 9.77, MSE = .06, ηp
2 = .05, revealing a quadratic pattern in which z-

scores increased from younger adults to middle-aged adults and older adults, then decreased 

for very mild AD. The Group × Trial Type interaction was highly significant, F(6, 1128) = 

46.05, MSE = .12, ηp
2 = .20, showing that for pure trials, z-scores decreased across younger 
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adults, middle-aged adults, and older adults, but increased for very mild AD. Confirming 

this pattern, pure trial responses for younger adults were equivalent to very mild AD, t < 1, 

as were middle-aged adults and older adults, t < 1, and all other comparisons differed 

reliably, ts > 4.50, ds > 0.57. For nonswitch trials, z-scores showed a linear increase across 

groups, though older adults were equivalent to very mild AD, t < 1, all other ts > 3.80, ds > 

0.42. For switch trials however, z-scores were greatest for younger adults and showed a 

linear decrease across the remaining groups, all ts > 3.75, ds > 0.47.

Local and Global Switch Costs in z-scores—Local and global switch costs in z-

scores for each of the groups are displayed in Figure 3 (bottom panel). Consistent with the 

mean RT costs described above, local costs were largest for younger adults and decreased 

across middle-aged, older and very mild AD groups. This pattern was confirmed by a one-

way ANOVA, F(3, 566) = 61.28, MSE = .30, ηp
2 = .25, and corresponding post hoc 

comparisons, all ts > 5.17, ds > 0.57.

Turning to the global costs, the pattern was in the opposite direction: Response costs were 

smallest for younger adults, increased for middle-aged and older adults, then decreased 

slightly for very mild AD individuals—a pattern confirmed by a separate one-way ANOVA, 

F(3, 566) = 21.86, MSE = .25, ηp
2 = .10. Post-hoc comparisons confirmed that global costs 

increased between younger adults and middle-aged adults, t(245) = 6.30, SEM = .05, d = 

0.80, between middle-aged adults and older adults, t(433) = 4.09, SEM = .03, d = 0.39, but 

decreased marginally between older adults and very mild AD individuals, t(319) = 1.95, 

SEM = .04, p = .05, d = 0.22. Global costs were equivalent between middle-aged adults and 

very mild AD individuals, t(318) = 1.15, SEM = .05, p = .25. Thus, after controlling for 

general slowing, there is a large and systematic decrease in local costs across groups, 

however global costs increased primarily between the younger, middle-aged, and older 

adults with a slight decrease in global costs for very mild AD individuals relative to older 

adults. Of course, this slight decrease in global costs for the very mild AD in z-transformed 

response latencies comes with a considerable increased global cost in error rates as noted 

above.

Vincentile Plots

Figure 4 displays the Vincentile plots separated by trial type for the four groups of 

participants. RTs used to construct the plots were the same RTs used in the mean RT 

analyses reported above (i.e., the same outliers were removed). As can be seen, RTs 

increased across bins, were lowest for pure trials followed by nonswitch trials and switch 

trials, and were lowest for younger adults followed by middle-aged, older, and very mild AD 

individuals. These patterns were all confirmed by significant effects of Bin, F(5, 5620) = 

1069.70, MSE = 60210, ηp
2 = .66, Trial Type, F(2, 5620) = 738.01, MSE = 60210, ηp

2 = .57 

and Group, F(3, 562) = 78.47, MSE = 6132434, ηp
2 = .20. In addition, the analyses yielded a 

reliable three-way Bin × Trial Type × Group interaction, F(30, 5620) = 15.55, MSE = 

60210, ηp
2 = .08. This interaction revealed that the increase in RT across the distribution 

was steeper as age increased and with the presence of AD, particularly for nonswitch and 

switch trials relative to pure trials.
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Local and Global Switch Costs—Local and global switch costs for each of the 

Vincentile bins are presented in Figure 5. An interesting dissociation was found between 

local and global costs across bins and groups. Beginning with local costs, younger adults 

showed an increased cost across bins, F(5, 145) = 12.28, MSE = 29687, ηp
2 = .30, middle-

aged adults showed an increased cost in the first few bins followed by a decrease across 

remaining bins, F(5, 1080) = 27.26, MSE = 46559, ηp
2 = .11, older adults showed a similar 

increased cost in the first few bins followed by a decrease across in the final bins, F(5, 1075) 

= 17.79, MSE = 212777, ηp
2 = .08, and very mild AD individuals produced a general 

decreased cost beginning with the second bin, F(5, 510) = 6.19, MSE = 178299, ηp
2 = .06. 

Group differences in these local costs across bins were confirmed by a significant Group × 

Bin interaction, F(15, 2810) = 4.28, MSE = 98374, ηp
2 = .02. As shown, group dissociations 

were more pronounced in the slowest bins.

Turning to global costs, both younger and middle-aged adults showed relatively gradual 

increases across bins, F(5, 145) = 23.91, MSE = 16021, ηp
2 = .46, and F(5, 1080) = 385.97, 

MSE = 53746, ηp
2 = .64, respectively, whereas this increase becomes steeper for older 

adults, F(5, 1085) = 296.97, MSE = 178444, ηp
2 = .58, and very mild AD individuals, F(5, 

510) = 116.90, MSE = 294898, ηp
2 = .53. The Group × Bin interaction was once again 

significant, F(15, 2820) = 23.22, MSE = 143397, ηp
2 = .11, demonstrating that costs are 

more pronounced in the slowest Vincentiles—a pattern consistent with local costs.

Taken together, these patterns suggest a clear dissociative effect for local and global costs in 

response time distributions. Specifically, for the more impaired participants, local costs were 

more likely to decrease across Vincentiles, whereas, global costs were more likely to 

increase across Vincentiles. It is important to note that such a dissociative pattern in 

Vincentiles cannot be due to general slowing since the slower response latencies in the more 

impaired groups, compared to the less impaired groups, actually produce increasing global 

costs, but decreased local costs2. In addition, our finding that costs show greater group 

dissociations in the slowest bins is consistent with other RT distributional studies (e.g., 

Hultsch et al., 2002; Spieler et al., 1996), that show attentional processes are particularly 

sensitive to the slowest RTs.

Congruency Effects

Congruency effects in errors—In order to further evaluate attentional differences 

across groups, Switch block trials were further divided into congruent (e.g., A 06, vowel/

even responses mapped to the same key) and incongruent responses (e.g., D 06, consonant/

even responses mapped to separate keys), with the difference between these two trial types 

reflecting a congruency effect. Congruency effects for both errors and RTs are presented in 

Figure 6. As shown in the top panel, congruency effects were greater on nonswitch and 

switch trials and these effects were particularly large in older adults and more so for very 

mild AD individuals. These patterns were confirmed by significant effects of Trial Type, 

F(2, 1128) = 30.82, MSE = .01, ηp
2 = .05, Group, F(3, 564) = 31.99, MSE = .01, ηp

2 = .15, 

2To control for general slowing, we also conducted z-transformed analyses on the Vincentile data and the same patterns of main 
effects were observed. Importantly, the Group × Vincentile Bin interactions for both local [F(15, 2810) = 8.28, MSE = .11, ηp2 = .04] 
and global costs [F(15, 2810) = 6.32, MSE = .09, ηp2 = .03] revealed the same patterns as the raw RT data reported.
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and a significant interaction, F(6, 1128) = 12.52, MSE = .01, ηp
2 = .06. Planned comparisons 

indicated that for younger adults, congruency effects did not differ between trial types, ts < 

1, and middle-aged adults showed an increase in switch trials relative to pure and nonswitch 

trials, ts > 3.50, ds > 0.28, which in turn, did not differ, t < 1. In contrast, older and very 

mild AD individuals showed an increase across pure, nonswitch, and switch trials, all ts > 

2.55, ds > 0.20, with the exception that for older adults, pure and nonswitch trials did not 

differ, t < 1. Therefore, congruency effects in errors become exaggerated for older adults and 

very mild AD individuals.

Congruency effects in mean RTs and z-scores—Congruency effects for RTs were 

calculated in an identical fashion as errors3. The effects of trial type and group appear to be 

relatively similar across groups, as reflected by nonsignificant main effects of Congruency, 

Group, and a nonsignficant interaction between Congruency and Group, all Fs < 1.01. 

Similar analyses were conducted on z-scores and yielded an identical pattern.

General Discussion

The primary purpose of the present research was to examine local and global switch costs 

using an attentional-switch task to characterize differences in attentional processes in 

younger adults, middle-aged adults, healthy older adults, and individuals with very mild AD. 

Comparisons between local and global costs allowed for an assessment of different 

hypothesized processes involved in task-switching. Local costs were measured by 

comparing switch and non-switch trials presented in the Switch block which evaluated 

performance differences when the task set from the preceding trial changed or remained the 

same. Global costs were measured by comparing single-task trials in the Pure block to 

nonswitch trials in the Switch block to evaluate performance when two task sets (vs. one) 

are maintained.

Our study sought to provide a comprehensive evaluation of global and local switch costs 

across age groups and very mild AD individuals. We note that Duchek et al. (2009) reported 

a similar dissociation between local and global costs and Tse et al. (2010) examined 

underlying RT distribution characteristics in local costs. We depart from these earlier works 

that focused on intraindividual variability (i.e., Duchek et al.) and RT distribution 

characteristics in three different tasks (i.e., Tse et al.) by focusing on global- and local-

switch costs, their corresponding response distribution profiles, and congruency effects 

across groups. The data set reported here provided a much larger sample than used in 

previous studies, which allowed for a cross-sectional analysis of individuals over the 

lifespan (i.e., separating healthy adults into younger, middle-aged, and older adults). These 

groups increase our precision of detecting age-related and AD-related task-switching 

differences given the three healthy adult groups were taken from different age ranges and 

the very mild AD group was age-matched to the older adult group. Multiple characteristics 

3Since the CV Pure block was completed before the OE Pure block, participants would not know of the OE mappings when 
completing the Pure block. Given this ordering, it is possible that congruency effects may not occur in the CV block though we find 
this unlikely given that RT congruency effects were not found even when participants were actively switching between two task sets. 
Therefore, it is unlikely that prior exposure of an inactive task set is inducing a congruency effect on the OE Pure block. To be 
consistent with other Pure block analyses, we collapse across both Pure blocks.
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of performance were measured including error rates, raw and transformed response 

latencies, and characteristics of underlying RT distributions for each of the trial types which 

all focused on local and global switch costs. Moreover, we report z-score analyses on the 

local and global effects on the Vincentile analyses (which were not reported in the previous 

papers) and hence we can directly evaluate the role of general slowing in modulating local 

and global response distributions. Finally, we also evaluated response congruency effects 

which reflect the consistency of the stimulus mapping to the same or different response keys 

to provide a more complete picture of attentional differences between groups—differences 

we discuss in turn below.

Global and Local Switch Costs

Our results showed that, across groups, local and global costs produced dissociative effects 

in mean error rates and response latencies. For errors, local costs were equivalent across 

groups; however, for global costs, error rates were lowest for younger adults followed by 

middle-aged adults, older adults, and increased considerably for very mild AD individuals. 

For RTs, local costs were actually greatest for younger adults and lowest for very mild AD 

individuals. Global costs in reaction times, however, produced a very different pattern with 

younger adults showing the lowest cost which then increased across age groups and AD 

status. Interestingly, z-corrected global costs for very mild AD individuals were lower than 

those of older adults, though very mild AD individuals also produced an exaggerated global 

cost in errors.

The dissociation between local and global switch costs across groups is consistent with 

changes in separate but related processes. Local costs require maintenance of two task sets 

and also the ability to reconfigure when a new task set comes online. Our use of the 

alternating-runs paradigm without a preparatory cue-stimulus interval produced a large local 

cost for individuals with relatively intact attentional systems (younger and middle-aged 

adults). These individuals are more likely to become well-tuned to a given task set and 

therefore when the task set changes, inertia from the previous task set slows the 

reconfiguration needed to respond to the switch trial. For individuals with less well-tuned 

systems—such as older adults and very mild AD individuals—local switch costs are reduced 

because both task sets are still relatively active. In contrast, global costs reflect additional 

demands of maintaining two task sets compared to a single task set, which is most costly for 

individuals with relatively compromised attentional systems (i.e., older adults and very mild 

AD individuals).

Consistent with this perspective, Whitson, Karayanidis, and Michie (2012) also evaluated 

local and global switch costs using a CVOE paradigm in younger and older adults. In their 

paradigm, Switch block trials were presented in a pseudo-random order instead of a 

predictable alternating-runs sequence, however a cue-stimulus interval of 150 or 1000 ms 

was placed between the cue and the target. Whitson et al. argued that individuals would be 

more likely to recruit additional preparatory processes when sufficient time was provided to 

prepare for the target response. Consistent with our dissociative patterns, global costs were 

greater for older than younger adults and local costs were greater for younger than older 

adults. Of note, although local costs decreased with a longer response interval, younger 
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adults still produced the greatest local cost. Therefore, even when additional time is 

provided to reconfigure the task set for the upcoming switch trial, the attentional system of 

younger adults, which becomes well-tuned to a task set with the increasing time, still 

produced an exaggerated local cost.

It is also important to note that age-related changes in response costs, particularly for local 

costs, are not consistent in the extent literature and are likely due to specific characteristics 

of the switch tasks used across studies. Although global switch costs have generally been 

found to be greater in older adults and in impaired individuals (Belleville et al., 2008; Kray, 

Li, & Lindenberger, 2002; Kray, 2006; Reimers & Maylor; 2005; Whitson et al., 2012; 

though see Schmitter-Edgecombe & Sanders, 2009 for exception), local costs have shown 

an age-related increase (Belleville et al.), a decrease (Whitson et al., and the results from the 

present study), or no difference across age groups (Kray, Eppinger, & Mecklinger, 2005; 

Reimers & Maylor). There are several differences across paradigms that are likely to 

produce the different patterns, including the sequencing of trials presented in the Switch 

block (alternating-runs versus random trials), the timing of the task cue and stimulus 

(simultaneous versus delayed interval), amount of practice trials prior to experimental trials, 

and whether responses are made to bivalent or univalent targets (e.g., Schmitter-Edgecombe 

& Sanders). Clearly, the alternating-runs sequence appears to systematically decrease local 

costs across four groups of participants. Possibly, the younger and middle-aged adults may 

be more likely to proactively benefit from the repeated trial sequence and this may enhance 

the tuning of a task set which leads to a larger cost when the task set switches.

As the Whitson et al. (2012) study indicated, this age-related difference can also occur with 

random switch trials when a preparatory cue is provided prior to the presentation of the trial. 

This preparatory task set account may also accommodate the results from Belleville et al. 

(2008). Specifically, in their study, switch trials were presented randomly every 5 to 9 trials 

instead of every other trial in the present study. Possibly, the greater number of repeated 

trials reinforced the task set sufficiently even for the impaired participants to show an 

increased local cost. Of course, as mentioned in the Introduction, there are additional design 

differences that are noteworthy between the present study and Belleville et al., such as the 

amount of practice and type of switching task, which would need to be parametrically 

manipulated to identify the locus of the difference. Regardless, the present results (and 

Whitson et al.) are particularly noteworthy in demonstrating facilitation in switching in 

participants who have decreased cognitive control4.

4A second possibility, noted elsewhere (Tse et al., 2010), is that groups may show different strategies on Switch block trials. For 
instance, individuals with compromised attentional systems may be more likely to look towards the cue on the screen before making 
their response. In the Switch block, these individuals may be looking up towards the cue similarly on both switch and nonswitch trials 
which may lead to similar response latencies and thus a diminished local cost. Although we did not record the frequency with which 
all participants looked toward the cue, Tse et al. did investigate this issue when this task was initially implemented. Specifically, eye 
movements were monitored online by the experimenter via a mirror placed above the monitor. The results indicated that there were no 
differences between healthy older adults and very mild AD individuals in the frequency in which they looked at the cue during the 
Switch block. Of course, eye movements are only an indirect way of measuring the maintenance of the trial sequencing; however, 
given a recent meta-analysis that has shown similar age-related differences in switch costs using different switch-task variants 
(Wasylyshyn et al., 2011), we do believe that the present large group dissociations are not likely due to differences in external cue use. 
However, we do acknowledge that this issue should be more systematically explored in future research.
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It is also worth noting that there are other switch-type tasks that have been used to compare 

healthy and mild AD individuals that do not compare trial level differences to calculate 

global and local switch costs. For example, Fine et al. (2008) showed performance 

differences between individuals who showed signs of cognitive decline consistent with early 

stage AD within the following year, compared to individuals who did not in a variant of the 

Stroop task known as the color-word interference test (CWIT; Clark et al., 2005). In the 

CWIT, participants are presented Stroop trials and complete a Switch block in which 

participants are cued to either name the color of a presented word or simply read the word. 

The Switch block is then compared to Pure blocks in which participants only name the color 

or read the word. The primary measure was the total time to complete all trials within the 

Switch block as Fine et al. did not separate switch and nonswitch trials to compute local 

costs. Individuals who were likely to develop early stage AD took longer to complete the 

Switch block than healthy individuals, which suggests that total time to complete the Switch 

block may act as another metric for displaying differences associated with cognitive decline. 

Although the present study does not have a longitudinal component, the overall pattern is 

similar to the Fine et al. study when comparing the earliest stages of AD to control 

participants. Specifically, very mild AD individuals took longer to complete nonswitch and 

switch trials than healthy controls, and made substantially more errors than age-matched 

controls.

In a separate study, Hutchison et al. (2010) also evaluated a variant of the CWIT paradigm, 

but importantly, separated switch and nonswitch trial to compute local costs. Switch and 

nonswitch trials were presented using the alternating-runs sequence. Consistent with our 

local cost pattern in the CVOE task, very mild AD individuals showed a reduced local cost 

relative to healthy older adults and younger adults. Thus, the reduced local cost for impaired 

individuals occurs in other paradigms. In this light, it is worth noting that Hutchison et al. 

did not include a Pure block of trials and therefore global costs could not be computed.

Given the qualitative differences between local and global costs between healthy older 

adults and individuals with very mild AD, another interesting prospect is determining how 

these costs change over time across individuals as attention begins to decline. It should be 

noted that the current study compared a group of individuals in the earliest detectable stage 

of AD with older adults who were free of any detectable cognitive impairment. It is possible 

that the dissociative pattern of global and local costs could hold clinical utility for 

identifying individuals who are at risk for decline. Specifically, in the present paradigm, one 

may examine the point in which global costs become greater than local costs within an 

individual. As shown in the bottom of Figure 2, this global cost begins to exceed local costs 

in the healthy older adults, and the separation of these costs increases in the very mild AD 

individuals. Thus, the intersection of these two costs could be an important cognitive marker 

that may suggest the development of clinical abnormality. In this light, it is noteworthy that 

the present CVOE switching task is relatively short and is completed in less than 10 min 

which makes it potentially useful in a clinical setting.

Finally, we note that although we account for global and local switch costs to be influenced 

by how well an individual's attentional system is tuned to a given task set, we note a separate 

account of task-switching differences. Specifically, Bryck and Mayr (2008; see too Mayr, 
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Kuhns, & Hubbard, 2014) have suggested that local task-switching effects may not be due to 

the residual task set from the previous trial as traditionally argued, but instead reflect an 

updating of working memory to adjust from the previous task setting stored in long-term 

memory. Evidence for this process has been found using an asymmetrical-switch task such 

as the Stroop task in which one task set (e.g., word naming) is dominant over the other non-

dominant task set (e.g., color naming). Bryck and Mayr have shown a cost for non-dominant 

trials even when the task set does not change from the preceding trial, suggesting that a task-

set change is not necessary to produce a cost. Our use of the CVOE switch task may differ 

somewhat from that of the Stroop task in that the response asymmetry found between color 

and word dimensions due to the relatively automatic word-reading process may be larger 

than CV and OE task sets in our switch task. To examine a possible asymmetry, we split CV 

and OE Pure block trials on errors and RTs across groups to determine whether task set 

responses were similar. Although there was some evidence that CV and OE trials were 

asymmetrical with OE trials (M RT = 1121 ms) being more difficult than CV trials (M RT = 

1040 ms) in response latencies (p < .01), this difference did not occur in error rates (OE = 

3.1% vs. CV = 2.5%, p = .37). Importantly, there was no hint of an interaction with either 

response latencies or errors with group (Fs < 1), demonstrating that differences in task 

asymmetry cannot accommodate the present group differences.

Vincentile Analyses

An intriguing and novel aspect of the present results are the different patterns of local and 

global switch costs on the reaction time distributions, as reflected by the Vincentile analyses. 

For the younger adults, there was an increase in the local switch cost across Vincentiles, 

whereas for the more impaired individuals, there was a remarkable decrease across 

Vincentiles. Although somewhat muted, these effects also occurred in the z-transformed 

data. Based on these results, it appears that the cost of local switching affects relatively 

slower RTs as indicated by later bins in younger adults than in older adults and individuals 

with early stage AD. These results suggest that there are differences in the degree to which 

individuals can exert control on the more difficult slower trials. It is possible that the task set 

is not maintained sufficiently for the difficult slow trials, and as time passes, there is little 

local switch cost in the older and very mildly demented individuals.

In global costs, the Vincentiles are quite different. Young adults now produce relatively little 

increase in the global cost across Vincentiles until the final bin and the other groups produce 

a systematic increase in the global cost across Vincentiles, particularly for older adults and 

very mild AD individuals. The load of having to maintain two task sets appears to be 

particularly troublesome for the slower more difficult trials in the most compromised 

individuals. In this light, Vincentile analyses provide converging evidence of a clear 

dissociation between the two types of switching costs across these groups of individuals. 

Finally, these distributional analyses provide further evidence of the utility of this approach 

in analyzing response latencies. In particular, Figure 5 shows that differences across groups 

are largest in the slowest Vincentiles, thereby producing the greatest discrimination. This 

pattern is also consistent with the worse performance rule (Coyle, 2003; Larson & Alderton, 

1990), wherein individual differences in fluid intelligence are best captured in the most 

difficult trials.

Huff et al. Page 16

Psychol Aging. Author manuscript; available in PMC 2016 December 01.

A
uthor M

anuscript
A

uthor M
anuscript

A
uthor M

anuscript
A

uthor M
anuscript



Congruency Effects

The results from the congruency analyses were also quite clear. As noted, the congruency 

effect refers to trials in which mappings of a given stimulus correspond to the same versus 

different keys. Interestingly, this variable had no effect on accuracy or response latencies in 

the younger and the middle-aged adults in the nonswitch trials. However, an effect did 

emerge on the accuracy data on the Switch trials in the middle-aged adults and in both the 

switch and nonswitch trials in the older adults and very mild AD individuals. This pattern 

appears reminiscent of the Simon effect in which there is inconsistency in the mapping of 

the stimulus onto response keys. Notably, in a study with younger adults, older adults, and 

very mildly demented individuals, Castel et al. found (2007) found a similar pattern in that 

error rates were most discriminating across participants. This is also consistent with work 

from other standard attentional selection tasks such as Stroop (e.g., Balota et al., 2010; 

Hutchison et al., 2010) and Semantic Verification (Aschenbrenner et al., 2015) where 

accuracy in speeded tasks is most discriminating across healthy older adults and early stage 

Alzheimer’s disease. Thus, the present congruency results provide converging evidence 

regarding an age- and AD-related deficit in attentional selection of a response under 

conditions of multiple competing stimulus-response mappings.

Conclusions

In summary, the results of the present task-switching study show dissociations in local and 

global switch costs across four different groups of individuals in a large sample of 

participants. First, our results suggest that maintaining two task sets (vs. one) results in a 

global response cost for both errors and response latencies, which increase across age groups 

and the presence of AD (primarily in errors), showing that groups with reduced attentional 

abilities show exaggerated global costs. Second, actively switching between two task sets 

produces a task reconfiguration cost that similarly increases errors and response latencies. 

Importantly, in contrast to the global cost, this local switch cost systematically decreases 

across the young, middle-aged, older, and very mild AD individuals. We argue that younger 

adults are highly tuned to the task demands of each trial, and therefore switching to a 

different task set produces a large local cost. In contrast, more impaired individuals are not 

as highly tuned and therefore switching to a different task is not as costly. The dissociation 

between local and global switch costs across groups was also found at the level of reaction 

time distributions, wherein the effect of these costs across groups are exaggerated in the 

slower more difficult trials. Thus, the present results provide an intriguing pattern in which 

more impaired individuals actually benefit from the lack of a highly tuned attentional set, at 

least as reflected by local switch costs.
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Figure 1. 
Mean percentage errors as a function of pure, nonswitch, and switch trials for each group 

(top) and local and global costs as a function of group (bottom). Local cost is calculated as 

the error percentage on switch trials minus the error percentage nonswitch trials. Global cost 

is calculated as the error percentage on nonswitch trials minus the error percentage on pure 

trials. Error bars indicate standard errors of the mean.
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Figure 2. 
Mean reaction time (RT) for pure, nonswitch and switch trials from each group (top) and 

mean RT local and global costs as a function of group (bottom). Local cost is calculated as 

the RT for switch trials minus the RT for nonswitch trials. Global cost is calculated as the 

RT for nonswitch trials minus the RT for pure trials. Error bars indicate standard errors of 

the mean.
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Figure 3. 
Z-transformed reaction time (RT) for pure, nonswitch and switch trials from each group 

(top) and mean RT local and global costs as a function of group (bottom). Local cost is 

calculated as the RT for switch trials minus the RT for nonswitch trials. Global cost is 

calculated as the RT for nonswitch trials minus the RT for pure trials. Error bars indicate 

standard errors of the mean.
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Figure 4. 
Mean RT Vincentile bin data points and standard errors for pure, nonswitch, and switch 

trials.
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Figure 5. 
Local and global Vincentile costs for each group in mean raw RTs. Error bars indicate 

standard errors of the mean.
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Figure 6. 
Congruency effect for errors (top), mean RT (middle), and z-transformed RT (bottom) for 

pure, nonswitch, and switch trials as a function of group. Congruency effects are calculated 

as incongruent trials minus congruent trials. Error bars indicate standard errors of the mean.
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