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Abstract Working memory (WM) holds and manipulates

representations for ongoing cognition. Oberauer (Psychology

of Learning and Motivation, 51, 45–100, 2009) distinguishes

between two analogous WM sub-systems: a declarative WM

which handles the objects of thought, and a procedural WM

which handles the representations of (cognitive) actions. Here,

we assessed whether analogous effects are observed when

participants switch between memory sets (declarative repre-

sentations) and when they switch between task sets (procedur-

al representations). One mechanism assumed to facilitate

switching in procedural WM is the inhibition of previously

used, but currently irrelevant task sets, as indexed by n-2 task-

repetition costs (Mayr & Keele, Journal of Experimental

Psychology: General, 129(1), 4–26, 2000). In this study we

tested for an analogous effect in declarative WM.We assessed

the evidence for n-2 list-repetition costs across eight experi-

ments in which participants switched between memory lists to

perform speeded classifications, mental arithmetic, or a local

recognition test. N-2 list-repetition costs were obtained con-

sistently in conditions assumed to increase interference be-

tween memory lists, and when lists formed chunks in long-

term memory. Further analyses across experiments revealed a

substantial contribution of episodic memory to n-2 list-

repetition costs, thereby questioning the interpretation of n-2

repetition costs as reflecting inhibition.We reanalyzed the data

of eight task-switching experiments, and observed that episod-

ic memory also contributes to n-2 task-repetition costs. Taken

together, these results show analogous processing principles

in declarative and procedural WM, and question the relevance

of inhibitory processes for efficient switching between mental

sets.

Keywords Episodicmemory . Inhibition .Workingmemory .

List switching . Task switching

Cognitive flexibility – the rapid change of currently relevant

object representations or task-sets (Logan & Gordon, 2001) –

is a hallmark of human cognition. To ensure such flexibility,

inhibition of no-longer relevant representations has been pro-

posed to complement the activation of currently relevant ones.

Inhibition is assumed to reduce the activation of recently used

representations, thereby enabling more efficient disengage-

ment from irrelevant information and selection of newly rele-

vant ones. The aim of this study was to investigate the putative

use of inhibition to ensure the successful selection and imple-

mentation of currently relevant memory sets in working mem-

ory (WM).

In his WM model, Oberauer (2009, 2010) proposed a

distinction between a declarative and a procedural WM

sub-system. Whereas the declarative sub-system makes

representations of the contents of processing available

(i.e., the currently relevant objects, events, or symbols),

the procedural part holds the representations that control

ongoing processing (i.e., the currently relevant task set).

Even though the two systems are largely independent

(Gade, Druey, Souza, & Oberauer, 2014), the selection

o f r ep re sen t a t i ons wi th in each sub -sys t em is
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accomplished by analogous mechanisms. As a conse-

quence, comparable behavioral effects are observed for

the two sub-systems. For example, when participants

are asked to switch between memory lists on a trial-by-

trial basis, there are costs to keep more than one list

available (list-mixing costs) and to switch between lists

(list-switching costs), as is the case when participants

have to switch between task sets (Souza, Oberauer,

Gade, & Druey, 2012). In another study (Oberauer,

Souza, Druey, & Gade, 2013), we further extended the

analogy to the mechanisms of selecting individual ele-

ments within memory sets or task sets: After selecting

and executing a response within a task set, that response

is temporarily inhibited, making it harder to subsequently

select the same response in the context of another task

set (Druey, 2014). Analogously, after an item has been

selected from a memory set, it is inhibited, temporarily

rendering it harder to select the same item in the context

of another memory set.

In the present study, we investigate whether we can extend

the analogy to yet another effect often reported in studies of

procedural WM, namely n-2 task-repetition costs (Mayr &

Keele, 2000; see Gade, Schuch, Druey, & Koch, 2014 for a

review). N-2 task-repetition costs are observed when people

switch between three tasks (A, B, and C): Responses are

slower and more error-prone when switching back to a task

set abandoned two trials before (i.e., in sequences of the type

ABAwhen compared to task sequences of type CBA). These

costs are commonly taken as evidence for inhibition of com-

peting task-sets to ensure successful switching among tasks

(Mayr &Keele, 2000). If the analogy of mechanisms holds for

declarative and procedural WM, we expect n-2 list-repetition

costs: When people are switching between different memory

lists, access to a memory list abandoned two trials before

(ABA trials) should be slower and more error prone than

access to a not recently used memory list (CBA trials).

N-2 task-repetition costs have been investigated exten-

sively to map the boundary conditions for observing this

effect. Most of the recent findings support the notion that

the task inhibition reflected in n-2 repetition costs serves

to reduce competition (and therefore conflict) between

concurrently active task-sets (Gade, Druey, et al. 2014;

Sexton & Cooper, 2015). Such competition can arise on

various levels, for example in cue or stimulus processing

(Altmann, 2007; Gade & Koch, 2008; Costa & Friedrich,

2012; Sdoia & Ferlazzo, 2008) or response selection

(Koch, Gade, & Philipp, 2004). Accordingly, manipula-

tion of these parameters influences the size of n-2 task-

repetition costs. For instance, Gade and Koch (2005)

manipulated residual activation of a recently abandoned

task set and observed that less activation led to smaller

n-2 repetition costs. Likewise, abolishing the need for

response selection by introducing no-go trials (Schuch

& Koch, 2003) or reducing the overlap of response-sets

across the different tasks (Gade & Koch, 2007) both

reduced the n-2 task-repetition costs to a non-significant

level. In a related vein, task competition (and hence n-2

task-repetition costs) can also be reduced by facilitating

task selection with spatial cues (Arbuthnott, 2005;

Arbuthnott & Woodward, 2002) or by increasing cue-

target overlap (Houghton, Pritchard, & Grange, 2009).

Taken together, these findings have led to the suggestion

that inhibition of abandoned task-sets is used when the

degree of competition between tasks is high.

Our main aim is to establish further analogous processing

principles in declarative and procedural WM. Hence, in a first

step, we designed several paradigms, and manipulations with-

in them, to test for n-2 list-repetition costs. Based on the liter-

ature reviewed above, we expected n-2 list-repetition costs to

be observed more readily in situations that increase competi-

tion between memory lists in WM. In eight experiments we

asked participants to switch between three different lists

across trials. On each trial they had to access one element from

a randomly selected memory list in order to perform speeded

classification (Experiments 1–4), mental arithmetic

(Experiments 5 and 8), or local recognition (Experiments 6–

8). Moreover, across experiments, we manipulated list com-

position to vary the degree of list overlap (Experiments 1–5),

or to draw on lists well established in long-term memory

(LTM; Experiments 6 and 7) in contrast to recently learned,

unfamiliar lists (Experiments 7 and 8).

To foreshadow our results, we observed n-2 list-repetition

costs, but these costs were observed consistently only in con-

ditions supposedly yielding a high degree of competition be-

tween lists in declarative WM.

In a second step, we assessed whether n-2 list-repetition

costs could be explained without recourse to inhibition, based

on episodic retrieval of the previously used (but currently

irrelevant) item within the repeated list. This episodic-

retrieval account could explain most of the n-2 list-repetition

costs, leaving little variance for inhibition to account for. To

assess whether this finding was specific to declarativeWM, or

whether it also applies to procedural WM, we reanalyzed data

of eight task-switching experiments to gauge the contribution

of episodic retrieval to n-2 task-repetition costs. We found that

episodic retrieval also significantly contributes to n-2 task-

repetition costs.

Experiments 1–4

In this first series of experiments we searched for n-2 list-

repetition costs when switching among stimulus classification

tasks. In addition, we investigated the role of list overlap for

observing n-2 list-repetition costs.
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General method

Participants Across the first four experiments, a total of 115

students from the University of Zurich took part. Twenty-four

students took part in Experiment 1, but the data of four par-

ticipants were excluded due to low accuracy (<85 %; final

sample n = 20; 18 women, two men; mean age 25.8 years).

Twenty students participated in Experiment 2 (15 women, five

men; mean age 24.0 years), 39 in Experiment 3 (29 women,

ten men; mean age 25.7 years), and 32 in Experiment 4 (25

women, seven men; mean age 22.1 years). Experiments 1–3

consisted of one 1-h session, and Experiment 4 of two 1-h

sessions.

For all studies reported in this paper, participation was

compensated with course credit or 15 CHF per hour.

Participants signed an informed consent form prior to the ex-

periment, and were debriefed at the end.

Stimuli and tasks Stimuli were digits from 1 to 9, excluding

5. For all experiments, participants learned three lists of three

digits each in the beginning of the experimental session, and

these lists remained constant throughout the experiment. Each

list was displayed across a row of three boxes. The lists dif-

fered by the color of the box-frames (yellow, green, and blue

in Experiment 1; red, green, and blue in Experiments 2, 3, and

4).

The experiments differed regarding list composition (see

Fig. 1). In Experiment 1, list items were drawn without re-

placement from a pool of eight digits plus one (randomly

selected) repeated digit. Lists were created with the constraint

that the repeated digit appeared in different positions across

two lists. Given that only one element was repeated across the

lists, this condition is a low-overlap condition. In Experiment

2, six different digits were selected to create the three memory

lists such that each list shared exactly one digit (in different

positions) with every other list (yielding partially overlapping

lists).1 In Experiment 3, all three lists consisted of the same

three digits presented in different positions across lists (high

overlap lists). Finally, in Experiment 4, participants completed

two sessions: one session with partially overlapping lists as in

Experiment 2, and one session with fully overlapping lists as

in Experiment 3 (session order was counterbalanced across

participants). For all experiments, no list contained items from

only one single digit classification category (see below).

Participants were asked to perform a speeded classification

task on a cued digit from one of the lists. In Experiment 1,

participants classified the retrieved digit as (a) smaller or larg-

er than 5 (magnitude decision), (b) odd or even (parity deci-

sion), or (c) being in an inner or outer position on a number

line running from 1 to 9 (inner-outer decision). For this exper-

iment, the classification task remained constant within one

block of trials, but changed between blocks, such that task

switching from one trial to the next was not required. The

order of blocks with different classification tasks was

counterbalanced across participants. Given that we observed

no significant effect of task on n-2 list-repetition costs, in

Experiments 2–4 we only used the magnitude task because

it was found to be the easiest task in Experiment 1.

Procedure and design Testing took place in a sound-dimmed

individual booth. Viewing distance to the monitor was about

50 cm. In the beginning of the experiment, participants

underwent a practice phase to learn the three memory lists

by heart. In Experiment 1, training comprised ten blocks of

27 trials in which recall of the list digits was required and

immediate feedback was provided after each response. We

also excluded the first 24 trials in Blocks 1, 4, and 7 as task

training trials, given that in these blocks a new classification

task was introduced. In Experiments 2–4, the recall training

was conducted until participants correctly recalled all three

lists three consecutive times. Moreover, following list train-

ing, a short practice phase (40 trials) with the classification

decision was introduced in these experiments. In this practice

phase, participants had to classify individually displayed

digits, and feedback was provided.

Following training and practice, the experiment proper

began. In each trial, a row of three identically colored box

frames was shown, and inside one of the boxes a cue

indicated the target of the decision (see Fig. 1). The color

of the frames indicated the relevant memory list, and the

box in which the cue was shown indicated the relevant list

item. List sequence was randomized with the constraint

that no immediate list repetitions could occur, and the

proport ion of n-2 list repeti t ions was 50 %. In

Experiment 1, the position cue consisted of a question

mark, and in Experiments 2–4, it consisted of the symbol

“iI” (transparently referencing the smaller-larger decision

to be performed). Participants were instructed to retrieve

from memory the cued item in the relevant list, classify it

according to the instructed task, and respond as quickly

and accurately as possible by pressing one of two keys.

They responded using the ALT and ALT-GR (Experiment

1) or the left and right arrow keys (Experiments 2–4) of a

Swiss-German keyboard. In Experiment 1, feedback was

given only between blocks (mean reaction time (RT) and

% errors were displayed), but not on a trial-by-trial basis.

In between trials, a blank screen was shown for 250 ms.

In Experiments 2–4, visual feedback was provided after

each response (500 ms), followed by a blank interval of

another 500 ms before the next trial started. Participants

completed nine blocks of 72 trials in Experiment 1, and

11 blocks of 70 trials in Experiments 2–4.

1 Due to a programming error, only four participants received different

lists in Experiment 2, whereas the subsequent participants worked on the

same memory lists (list 1 = ‘2 7 6’; list 2 = ‘6 9 1’; list 3 = ‘9 4 2’).
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Data analysis Dependent variables were mean RTs and accu-

racy. The first two trials in each block were discarded from all

analyses as they could not be classified as n-2 list repetition or

switch. Data from the first block in Experiments 2–4 were

removed from further analysis (E2 = 8.33 %; E3 = 8.5 %;

E4a = 8.6 %; E4b = 8.5 % of the data), and in Experiment 1

the first 24 trials of each block with a new task were excluded

(11.23 %). Those trials were considered as (additional) prac-

tice. In all experiments, RTs associated with errors and RTs

from the two trials following an error were also excluded (E1

= 11.9 %; E2 = 13.4 %; E3 = 5.5 %; E4a = 8.9 %; and E4b =

6.8 %). Furthermore, we removed outliers, which were de-

fined as RTs being more than 4.5 median absolute deviations

above or below the individual median RT in each condition

(Leys, Ley, Klein, Bernard, & Licata, 2013). This outlier iden-

tification procedure further removed 1.5 % of RTs in E1,

4.5 % in E2, 5.3 % in E3, 3.8 % in E4a, and 1.5 % in E4b.

The mean of (non-transformed) RTs and accuracy for each

condition are listed in Table 1.

For all statistical analyses, RTs were log-transformed to

better approximate normality. We tested for n-2 repetition

costs by comparing n-2 list-repetition trials to n-2 list-switch

trials. Effect sizes and 95 % confidence intervals (CIs) around

them were computed using the MBESS package (Kelley &

Lai, 2012) implemented in the R environment for statistical

computing (R core team, 2014).

Results

In Experiment 1 (low list overlap), paired t-tests did not

show a significant n-2 list repetition effect in RTs, t(19)

= −0.675, p = 0.508, d = −0.151, 95 % CI of the effect

size [−0.590, 0.292]. Accuracy data showed a n-2 list

repetition benefit, t(19) = 2.29, p = 0.034, d = −0.511

[−0.972, −0.038]. To test whether this finding was con-

sistent across all three classification tasks, we ran a list

transition (n-2 repetition vs. n-2 switch) by classification

decision (magnitude, parity, and inner-outer) repeated

measurement analysis of variance (ANOVA) on RT and

accuracy. For RT, the main effect of task was significant,

F(2, 38) = 8.25, p = 0.001, μp
2 = 0.303. The magnitude

task was performed fastest (M = 1342 ms), followed by

the parity task (M = 1528 ms), and the inner-outer task

(M = 1577 ms). Most importantly, the interaction of list

Fig. 1 The top panel shows the different list compositions across all list-

switching experiments (E). Lists in E6–E8 were considered to be of low

overlap. The bottom panel illustrates the flow of events in the tasks used

across E1–E8, and the relevant conditions (n-2 list-repetition and n-2 list-

switch trials). List colors are written on top in parenthesis to make list

transitions unambiguous without color printing
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transition and decision was not significant, F(2, 38) =

0.028, p = 0.973, μp
2 = 0.001. In accuracy, the

ANOVA also yielded a significant main effect of task,

F(2, 38) = 6.531, p = 0.004, μp
2 = 0.26, which followed

the same pattern as in the RT data (i.e., highest accuracy

in the smaller/larger task and lowest in the inner-outer

task). The main effect of transition was also significant,

F(2, 38) = 6.930, p = 0.016, μp
2 = 0.27 (indicating a n-2

repetition benefit in accuracy). Again no interaction was

observed, F(2, 38) = 1.10, p = 0.344, μp
2 = 0.06.

In Experiment 2 (partial list overlap), n-2 list-repetitions

were not significantly different from n-2 list-switches, t(19)

= −1.18, p = 0.254, d = −0.263 [−0.706, 0.186]. Accuracy did

not differ as a function of n-2 list transition, t(19) = −0.681, p =

0.504, d = 0.152 [−0.291, 0.591].

The opposite pattern was observed in Experiment 3 (high

list overlap), with slower responses in n-2 repetition trials than

n-2 switch trials, a difference that was significant, t(38) =

3.143, p = 0.003, d = 0.503 [0.167, 0.834]. Overall accuracy

was very high (97.8 %), but there was a trend for less accurate

responses in n-2 repetition trials than n-2 switch trials, t(38) =

1.872, p = 0.069, d = 0.300 [−0.023, 0.619].

Finally, in Experiment 4 (partial vs. high list overlap), we

conducted an ANOVA with the factors list transition and list

overlap, which yielded evidence for a main effect of list tran-

sition, F(1, 31) = 4.349, p = 0.045, μp
2 = 0.12, but no main

effect of list overlap, F(1, 31) = 0.001, p = 0.982, μp
2 < 0.01.

The two-way interaction was also not significant, F(1, 31) =

1.348, p = 0.254, μp
2 = 0.04. As shown in Table 1, descrip-

tively, in both conditions, n-2 repetition costs were present,

but the mean effect was smaller in the partial list overlap

condition, similarly to the pattern observed in Experiments 2

and 3. To further explore this difference, we ran separate t-

tests on the effects of n-2 list transition in each overlap

Table 1 Overview and descriptive statistics of Experiments (E) 1–8

E Task/List composition n-2 transition N Reaction time (ms) Accuracy

Mean SD Mean SD

1 Classification/Low overlap repetition 252 1471.7 503.5 95.1 4.5

switch 230 1473.3 497.6 94.5 4.5

difference −1.5 −0.6a

2 Classification/Partial overlap repetition 298 954.8 294.3 94.1 6.3

switch 303 971.2 308.0 94.5 5.6

difference -16.4 0.4

3 Classification/High Overlap repetition 328 867.5 201.0 97.6 2.5

switch 329 853.0 203.6 98.0 1.9

difference 14.5a 0.4

4a Classification/Partial Overlap repetition 317 810.1 124.4 96.4 4.3

switch 324 808.7 141.1 96.4 4.2

difference 1.4 0.0

4b Classification/High Overlap repetition 338 839.6 232.9 97.2 2.1

switch 343 832.0 243.5 97.4 2.5

difference 7.7a 0.2

5 Arithmetic/High Overlap repetition 171 2278.2 627.9 96.4 2.5

switch 173 2236.6 576.4 96.4 2.0

difference 41.6b 0.0

6 Recognition/Dates repetition 326 1538.7 259.4 94.7 3.5

switch 334 1418.0 204.4 95.6 3.1

difference 120.7a 0.9a

7a Recognition/Words repetition 363 1186.3 317.6 94.8 3.8

switch 348 1122.9 309.8 94.9 2.7

difference 63.4a 0.1

7b Recognition/Strings repetition 332 1431.2 364.2 91.8 3.9

switch 321 1383.1 338.5 91.5 4.3

difference 48.1a 0.3

8a Recognition/Strings repetition 331 1165.2 276.9 95.8 3.6

switch 314 1118.6 260.0 96.6 3.2

difference 46.6a 0.8a

8b Arithmetic/Strings repetition 288 2944.5 304.3 91.6 4.9

switch 275 2894.9 343.7 91.8 5.0

difference 49.6a 0.2

N = average number of trials per participants in each design cell. Positive difference scores in reaction time and accuracy indicate the size of n-2 list

repetition costs

a p < .05

b p = 0.063
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condition. There was no significant effect of n-2 list transition

with partial list overlap, t(31) = 1.059, p = 0.298, d = 0.187

[−0.164, 0.535]; in contrast, there was a small but significant

n-2 list-repetition cost with high list overlap, t(31) = 2.461, p =

0.02, d = 0.435 [0.069, 0.795]. No significant effects were

observed for accuracy data.

Discussion

Our first four experiments showed small n-2 list-repetition

costs when list overlap was increased to its maximum

(Experiments 3 and 4), but no such cost, or even a benefit of

n-2 list repetition, when list overlap was low (Experiments 1,

2, and 4). We reasoned that classification tasks might not be

ideal for investigating list switching in declarative WM be-

cause participants could gradually change their representa-

tions of the lists from a set of digits to a set of required re-

sponses (e.g., for the large-small task, the list 2 7 9 could be

represented as “left key, right key, right key”). In this way they

could merge the digit lists with the classification task set into

new task sets directly mapping the three boxes to the corre-

sponding responses. To avoid this ambiguity about the repre-

sentations participants switch between, we tested list memory

in different ways in Experiments 5–8.

Experiment 5

In Experiment 5 we replaced the digit classification task by a

mental arithmetic task: On each trial one digit from one list

had to be accessed, and an arithmetic operation applied to it.

As the arithmetic operations were chosen at random, there was

no way of recoding the digits in the memory lists in terms of

the required responses. We tested again whether n-2 list-repe-

tition costs are observed when highly overlapping lists have to

be accessed, because Experiments 3 and 4 suggested that high

list overlap encourages inhibition of lists switched away from.

Method

Participants, stimuli, and procedure Twenty-two new par-

ticipants (15 women, seven men; mean age 23.3 years) took

part in Experiment 5. As in Experiment 3, participants were

given three lists of fully overlapping sets of digits (see Fig. 1).

Again, list color served as cue. Participants first underwent a

training phase comprising recall of the memory lists until all

lists were correctly recalled three times in succession. Next,

participants completed three blocks of mental arithmetic on

cued digits. In each trial, a randomly chosen operation (+1, −1,

+2, or −2) was shown in one of the box-frames of a cued list.

Participants had to apply the operation to the retrieved digit

and enter the result using the number pad of a standard Swiss-

German keyboard. After each response, visual feedback

(500 ms) and a blank interval (500 ms) followed before the

next trial started.

Each block consisted of 18 runs of 13 trials. Between runs,

participants were allowed a short break. Within each run, 11

trials could be classified into n-2 list-repetition and n-2 list-

switch trials. The first block was considered as practice and

excluded from subsequent analyses (33.3 % of the data). The

remaining two blocks yielded 396 trials for analyses, half of

them n-2 list repetitions and the other half n-2 list switches.

RTs were trimmed by removing errors and two trials following

an error (6.33 %). Additionally, we excluded RTs more than

4.5 median absolute deviations above or below the individual

median RT in each condition (1.5 % of the data). We again

used log-transformed RTs and accuracies to test for n-2 list-

repetition costs.

Results

Themean (non-transformed) RTs and accuracies per condition

are shown in Table 1. There was a tendency for a n-2 repetition

costs in RT, which did not reach significance, t(21) = 1.967, p

= 0.063, d = 0.419 [−0.022, 0.851]. There was no effect of n-2

list transition on accuracy, t(21) = −0.045, p = 0.964, d = 0.009

[−0.409, 0.427].

Discussion

Our experiment using mental arithmetic, a standard paradigm

for probing declarative WM, revealed n-2 list-repetition costs

of 42 ms, which, however, were not significant. Hence, as in

the preceding experiments, we obtained only a weak signal for

n-2 list repetition costs. Experiment 5 therefore suggests that

the small and inconsistent n-2 list-repetition costs observed in

the previous experiments are not simply due to the use of

classification tasks and the possible re-coding of the memory

representations (from digits to responses). Together, these

findings could be taken as evidence for a smaller reliance on

inhibitory processes in declarative WM than previously ob-

served in procedural WM. However, such a conclusion would

yet be premature given that there are still several differences

between the experimental procedures we used so far in our

attempts to measure n-2 list repetition costs in declarativeWM

and the procedures used in previous studies on n-2 task repe-

tition costs in procedural WM, which may explain this

discrepancy.

In the following experiments we therefore aimed to remove

yet another difference between the traditional task switching

and our list switching paradigms to obtain n-2 list repetition

costs: Whereas the tasks in task switching usually require the

classification of stimuli into meaningfully related categories,

with which participants have long experience (therefore being

well-established in LTM), our lists were learned through a few

practice trials up to a certain degree. Arguably, the brief
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experimental learning experience did not result in the same

degree of unification of the learned lists in memory as can be

assumed for familiar classification schemes. Consequently,

we reasoned that memory sets or task sets as a whole might

become targets of inhibition only to the extent that they are

unified. Accordingly, in our last series of experiments, we

varied both the task participants had to perform on the list

items (local recognition vs. mental arithmetic) and the degree

of extra-experimental LTM learning in order to investigate the

relevance of list unification and LTM contribution with re-

spect to the n-2 list repetition costs. In the remaining experi-

ments we used a local-recognition task to test memory, be-

cause this task enabled us to increase conflict between the

three memory lists. In our local recognition task, a recognition

probe appeared in one box-frame on each trial, and partici-

pants had to decide whether the probe matched the item in that

box-frame of the currently relevant list. Critically, in some

trials we presented other-list intrusion probes (i.e., items that

were not present in the current list but in another, currently

irrelevant list). Correctly rejecting other-list intrusion probes

requires minimizing the contribution of the other lists to the

recognition decision, thereby creating a strong incentive for

inhibiting these lists. In addition, each other-list intrusion

probe could act as a retrieval cue for the list it matches an item

of. This misleading retrieval cue might increase the degree of

inter-list interference, and therefore enhance the degree of in-

hibition required to successfully select the relevant memory

set (see Kuhns, Lien, & Ruthruff, 2007, for a similar argument

in task switching).

Experiments 6–8

In this series of experiments, we tested the role of two vari-

ables for observing n-2 list-repetition costs: (1) the pre-

experimental familiarity of the memory lists, and (2) the type

of task to be performed. We tested the role of memory-set

unification in LTM of the lists by varying the list composition

in a between-subjects fashion (Experiment 6 vs. Experiment

8) and within-subjects (Experiment 7). Furthermore, in

Experiment 8 we aimed at a within-subject test for the type

of task and its contribution to n-2 list-repetition costs.

General method

Participants Forty-eight students took part in this series of

experiments (Experiment 6: n = 16, nine women, seven

men; mean age 27.1 years; Experiment 7: n = 16; 12 women,

four men; mean age 27.7 years; Experiment 8: n = 16, ten

women, six men; mean age 24.7 years). The data of one par-

ticipant in Experiment 7 and one in Experiment 8 had to be

discarded because of low (<85 % correct) accuracy.

Participants in Experiments 7 and 8 took part in two sessions.

Stimuli, task, and procedure In Experiment 6, the dates of

three historically important events, namely the Spanish dis-

covery of the Americas (1492), the French revolution

(1789), and the end of the Second World War (1945), served

as memory lists. Participants were selected based on a pre-test

assessing knowledge of eight historical events such as the

beginning of the first world-war. Among the probed historical

dates, the three dates used in the experiment were interspersed.

The questionnaire was given to anybody taking part in exper-

iments in the Cognitive Psychology Unit of the University of

Zurich. When participants knew the three target dates, they

were invited to take part in the study. Each list was presented

in a row of boxes, using frame colors (blue, green, and yellow;

see Fig. 1) to distinguish the lists. Each trial consisted of a

local-recognition test: Participants had to judge whether a

probe digit shown in one randomly selected list-box matched

the list item in that location and then press the “ALT” and

“ALT-GR” keys for “yes” and “no” responses, respectively.

The first box in any list was never probed because this item

was the same across lists. Participants performed 12 blocks of

72 trials. Within each block, recognition probes had a 50 %

chance of being the correct item (positive probes). For the

remaining 50 % of trials which required a “no” response, the

probe digit was equally likely to be an item shown in the same

location in another list (25 %), another location within the

same list (25 %), another location of another list (25 %), or a

completely new digit (25 %; i.e., digits 3 or 6).

In Experiment 7, letters instead of digits were used. There

were two conditions differing only regarding list composition

(see Fig. 1). In the Word condition, the memory lists com-

prised three common German words: “NASE” (nose),

“BROT” (bread), and “RING” (ring). In the Strings condition,

meaningless letter strings comprising the recombination of the

same letters as in the Word condition were used (i.e.,

“ANBR”, “STGI,” and “RENW”). These conditions were

run in different sessions, and the order of the sessions was

counterbalanced across participants. Participants performed a

local recognition task again as in Experiment 6. New probes

were the letters “P” and “U” in both sessions. Participants

performed ten blocks of 96 trials. Before entering the experi-

mental trials, participants underwent a training phase to learn

the lists by heart. During the training phase, the lists were

presented in randomized order to get accustomed to the later

experimental procedure.

In Experiment 8, letter strings were used to create the mem-

ory lists, and two conditions were established which differed

only on the type of task participants had to perform: local

recognition (as in Experiment 7), or letter arithmetic (for

comparison with Experiment 5). The two conditions were

run in different sessions, and session order was

counterbalanced across participants. The recognition condi-

tion was as in Experiment 7. In the letter arithmetic condition,

participants were cued to retrieve a memory letter from one of
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the lists by presenting an arithmetic sign in one of the list

boxes (“+” or “−”). Participants were instructed to use this

sign as a cue to count one letter onwards or backwards in

the alphabet from the retrieved letter, and to enter the resulting

letter using the keyboard. To make sure that participants

learned the to-be-used letter strings well, they had to perform

a recall training phase comprising 168 trials (with immediate

feedback) before starting the test session. When they entered

the arithmetic session they had to practice both arithmetic

operations on displayed letters (the same as in the lists) for

one block each (one block of 96 trials with addition only, the

second block with subtraction only). Again, immediate feed-

back was given. The test phase consisted of nine blocks of 96

trials in each condition.

In all experiments, lists were distinguished by frame color

(blue, green, and yellow), and feedback was provided only at

the end of a block of trials (mean RTand percentage of errors).

Lists never repeated across trials, and blocks consisted of

50 % ABA list sequences and 50 % CBA list sequences.

The first experimental block was used as practice and was

performed under supervision of the experimenter.

Participants were invited to take small breaks after each block,

and before a block started, the lists in their respective colors

were displayed as a reminder.

We removed from analyses the first block of trials (E6 =

9.2 %; E7a and 7b = 10 %; E8a = 12.0 %; and E8b = 12.1 %).

In addition, the first two trials in each block, as well as trials in

which participants committed an error plus the following two

trials were discarded (E6 = 12.3 %; E7a = 12.9 %; E7b =

19.3 %; E8a = 9 %; and E8b = 19.4 %). We again removed

RTs more than 4.5 median absolute deviations above or below

the individual median RT in each condition (E6 = 1.2 %; E7a

= 1.5 %; E7b = 1.2 %; E8a = 1.5 %; and E8b = 0.5 %).

Results

Mean (non-transformed) RTs and accuracy per condition are

presented in Table 1. In Experiment 6, n-2 list-repetition costs

were observed in RTs, t(15) = 7.019, p < .001, d = 1.755

[0.952, 2.535], and accuracy, t(15) = −3.065, p = 0.008, d =

0.766 [0.196, 1.317].

In Experiment 7, we ran a List transition by List composi-

tion ANOVA which yielded significant main effects of list

transition, F(1, 14) = 28.802, p < 0.001, μp
2 = 0.67, and list

composition, F(1, 14) = 42.396, p < 0.001, μp
2 = 0.75. The

interaction was not significant, F(1, 14) = 2.928, p = 0.109,

μp
2 = 0.17, indicating that n-2 list-repetition costs were pres-

ent in both sessions, although numerically smaller in the letter-

string condition than in the word condition. When tested sep-

arately, n-2 list-repetition costs were significant in both list

composition conditions: Word, t(14) = 7.381, p < 0.001, d =

1.906 [1.031, 2.757]; Strings, t(14) = 2.452, p = 0.028, d =

0.633 [.067, 1.181]. In accuracy, the ANOVA revealed only a

significant main effect of list composition, F(1, 14) = 14.024,

p = 0.002, μp
2 = 0.5. Participants made more errors in the

Strings condition than in the Word condition. List transition

did not yield a significant main effect, F(1, 14) = 0.166, p =

0.690, μp
2 = 0.01. The interaction was also not significant,

F(1, 14) = 0.443, p = 0.517, μp
2 = 0.03. The accuracy differ-

ence between ABA and CBA trials yielded a d = 0.055

[−0.453, 0.560] for the Word condition, and a d = −0.178

[−0.685, 0.335] for the Strings condition.

In Experiment 8, we tested for n-2 list repetition costs in the

Recognition and Arithmetic conditions separately. In the

Recognition condition, we observed significant n-2 list-repe-

tition costs in RT, t(14) = 3.542, p = 0.003, d = 1.176 [0.499,

1.829], accompanied by n-2 list repetition costs in accuracy,

t(14) = −2.634, p = 0.02, d = 0.681 [0.107, 1.236]. In the

Arithmetic condition, n-2 list-repetition costs were observed

in RT, t(14) = 2.389, p = 0.032, d = 0.617 [0.054, 1.162]. For

accuracy, no significant effect was found, t(14) = 0.371, p =

0.716, d = 0.096 [−0.413, 0.601].2

Discussion

Across all experiments using local recognition, n-2 list-repe-

tition costs were observed irrespectively of the list status in

LTM (pre-experimentally learned or not), although they were

numerically larger when lists formed a unified chunk in LTM.

We also observed significant n-2 list-repetition costs using the

letter arithmetic task in Experiment 8, and this effect was of

similar magnitude as the one observed in Experiment 5, de-

spite the use of low overlap lists in this experiment. Thus,

overall, the n-2 list-repetition costs were more substantial with

the recognition task than the arithmetic task.

Overall analysis across all experiments

Overall, our eight experiments suggest important boundary

conditions for the observation of n-2 list-repetition costs.

Figure 2 presents the size of n-2 list-repetition costs for RT

(panel a) and accuracy (panel b) measures. Comparison of the

panels shows that n-2 list-repetition costs were more consis-

tently observed in RT, with most experiments showing posi-

tive values of d with the confidence intervals not including

zero. For accuracy, most values were close to zero.

To substantiate the differential influence of the vari-

ables tested across all experiments on the size of n-2 list-

repetition costs in RT, we ran a linear mixed effects

(LME) model using the data of all eight experiments.

The model was fitted using the lme4 package (Bates,

2 For the analysis of current (trial n) and formerly encountered (trial n-1)

probe type, please see Online Supplemental Material. There were no

consistent influences observed.
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Maechler, & Bolker, 2012) implemented in R. Our main

dependent variable was the n-2 list-repetition effect com-

puted as the difference in log-transformed RTs between

ABA and CBA trials. We entered in the model the data

of each participant in each experiment (and, depending

on the experiment, in each of the experimental condi-

tions). The n-2 list-repetition effects were transformed

into standardized effect sizes (Cohen’s d) for each exper-

iment, thereby removing the mean RT difference across

experiments and coding the effects in terms of standard-

deviation units.

Our aim was to estimate the effects of three variables on the

size of the n-2 list-repetition costs: list overlap (low, partial, or

full), LTM unification of the lists (chunked lists or not), and

task (classification, mental arithmetic, or local recognition).

We contrast-coded each of these variables to test for the effects

of interest (see Table 2), and entered these predictors as fixed

effects in the model. To account for the different numbers of

participants that entered the analysis at each level of our pre-

dictors, we re-centered our predictor variables on zero by

subtracting from each observation the mean across all contrast

levels (taking into account only contrast values different from

0). Participant and experiment were treated as a random inter-

cept effects.

Table 3 presents the regression coefficients, t-statistics, and

p-values for each predictor in the model. Statistical signifi-

cance was assessed using the lmerTest package (Kuznetsova,

Brockhoff, & Christensen, 2014) implemented in R. As can be

seen in this table, the intercept reflecting the n-2 list-repetition

costs across all experiments was significant. Among the pre-

dictors, LTM unification and the first Task contrast were sig-

nificant, whereas List overlap and the second Task contrast did

not explain variance to a significant degree. LTM unification

of the lists substantially pushed up the n-2 list-repetition costs.

Next, there was a significant effect of the recognition memory

task that lead to an increase in n-2 list-repetition costs. There

was no evidence for a substancial difference between using a

classification task or mental arithmetics on the size of the n-2

repetition costs. Collectively, the data of these eight

Fig. 2 Panel (a) shows the effect size of the n-2 list-repetition effects

obtained from the analysis of the log-transformed reaction times in

Experiments 1–8. Panel (b) shows the effect sizes of the n-2 list-

repetition effects obtained from the accuracy data in each experiment.

The data was coded regarding the type of task used, and list

composition (i.e., degree of overlap). Chunked lists were of low content

overlap. Positive values indicate n-2 list-repetition costs, and negative

values n-2 list-repetition benefits. Error bars represent the 95 %

confidence interval of the effect size

Table 2 Contrast coding of the predictors entered in the linear mixed

effects model with the data from Experiments 1–8

Contrast type Variable Levels Predictor 1 Predictor 2

Linear List overlap Low −0.5

Partial 0.0

High +0.5

Orthogonal LTM LTM chunk +0.5

Not chunked −0.5

Orthogonal Task Classification −0.25 −0.5

Arithmetic −0.25 +0.5

Recognition +0.5 0.0
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experiments provide evidence for n-2 list-repetition costs and

for some boundary conditions for observing this effect.

Episodic memory as an alternative explanation for n-2

list-repetition costs?

So far we assumed that list inhibition causes the n-2 list-

repetition cost. Yet, there is an alternative explanation in

terms of episodic retrieval. Imagine participants are

asked to retrieve a digit in the same list as two trials

before (i.e., an n-2 list repetition). The cued list in trial

n might evoke retrieval of an episodic record of trial n-2.

This could be beneficial for performance when trial n

demands retrieval of the digit in the same position as

trial n-2 (i.e., in case of an n-2 position repetition, oc-

curring on one-third of all cases), but harmful when re-

trieval of a different digit from a different list position is

required (n-2 position switch, in two-thirds of all cases).

Because the potentially harmful case is more frequent,

the net effect of episodic retrieval could be an RT-cost

for n-2 list repetitions. To investigate this alternative ex-

planation, we considered n-2 position (and thereby item)

repetition as a further predictor.3 We re-computed effect

sizes separately for n-2 list-position repetitions and

switches (see Fig. 3).

Position repetition had a large impact on whether or not n-2

list-repetition costs were observed. To further substantiate this

influence, we ran the LMEwith an additional (contrast-coded)

n-2 position-transition predictor (position repetition = −0.5;

position switch = 0.5) in addition to our already identified

predictors. Table 4 presents the results of this analysis. The

data of our eight list-switching experiments showed a substan-

tial moderation of n-2 list-repetition costs by n-2 position rep-

etitions: In the presence of n-2 position repetitions, n-2 list

repetitions yielded a benefit instead of a cost, in line with the

assumption that episodic retrieval of the n-2 trial drives the

effects of n-2 list repetitions.

Given our assumption of analogous processing princi-

ples in declarative and procedural WM, we were then

interested in assessing whether a comparable moderation

is also observed for n-2 task-repetition costs. The obser-

vation of analogous effects across the two WM sub-

systems is critical to test whether our theoretical model

is a viable framework to describe cognitive processes in

short-term memory and action control.

Assessing the role of episodic retrieval in n-2

task-repetition costs

The analogous effect in procedural WM for episodic memory

contributions to n-2 task repetition costs would be an influ-

ence of n-2 stimulus repetition on n-2 task-repetition costs.

This is because stimulus repetitions serve an analogous func-

tion in task switching as list position repetitions in our list-

switching tasks: the stimulus serves as the cue to retrieve a

response within the currently relevant task-set, in the same

way as the position serves as the cue to retrieve an item within

the currently relevant list. To assess the role of episodic re-

trieval for n-2 repetition effects in procedural WM, we took

two steps. First, we reviewed the published literature for any

reports of n-2 stimulus repetition effects in experiments

assessing n-2 task-repetition costs. Our review revealed that

n-2 stimulus repetitions are not controlled for in some studies

(i.e., Arbuthnott & Woodward, 2002; Arbuthnott & Frank,

2000; Gade & Koch, 2014; Mayr & Keele, 2000), whereas

in other studies n-2 stimulus repetitions were excluded by

design (i.e., Gade & Koch, 2005, 2007). Mayr (2002) explic-

itly addressed the question of episodic memory contributions

to n-2 task-repetition costs. In his study, participants had to

apply one of three displacement decision rules (i.e., vertical,

horizontal, or diagonal displacement) to a given stimulus and

indicate the resulting stimulus location with a keypress. Mayr

analyzed response repetitions (which were coupled with stim-

ulus repetitions) from trial n-2 to trial n and found no signif-

icant modulation of n-2 task-repetition costs. However, given

the overall small n-2 task-repetition effects in his study,

Grange and colleagues (2015) recently re-ran a closely

matched experiment and found that n-2 response repetitions

significantly reduced the size of the n-2 task repetition costs.

Thus, this latter result points to a similar modulation of n-2

repetition costs in declarative and procedural WM. However,

given that this is only one study, more evidence is clearly

needed to firmly establish the analogy.

Therefore, in a second step, we re-analyzed our own data

from task-switching experiments. We used the data of eight

task-switching experiments (partly published, see Gade &

Koch, 2014) that have been conducted by the first author

(M.G.). For a short description of the incorporated experi-

ments see Table 5, for the experimental method used in the

experiments see online supplemental material. Briefly, in

Table 3 Results of the linear mixed effects model on the data of

Experiments 1–8

Predictor Estimate SD df t p

(Intercept) 0.52 0.10 4.07 5.071 .007

List overlap 0.41 0.24 11.96 1.712 .110

LTM unification 1.10 0.26 51.12 4.25 <.001

Task (Recognition

vs. Other tasks)

1.08 0.34 20.03 3.17 .004

Task (Classification

vs. Mental arithmetic)

0.34 0.26 6.30 1.32 .232

3 We thank an anonymous reviewer for this suggestion of analyzing the

data.
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these experiments, a columnwith three stimuli (a letter, a digit,

and a symbol) was presented in each trial together with a task

cue (“letter”, “digit,” or “character”). Furthermore, type of

stimulus (letter, digit, and symbol) altered position within

the column on a trial-by-trial basis. Participants had to select

the stimulus indicated by the task-cue, and classify it accord-

ing to the responsemapping defined by the respective task-set.

Some of these experiments also included direct task repeti-

tions as well as up to four different timing intervals (cue-target

as well as response-cue manipulations). As a consequence, n-

2 task-repetition costs were only small and sometimes non-

existent (see Table 5) in these experiments, therefore our re-

analysis of these data only provides a first approach to a sys-

tematic investigation of episodic memory contributions to n-2

task-repetition costs.

As for the list-switching experiments, we assessed the size

of the n-2 task-repetition costs as a function of n-2 stimulus

repetitions. However, given that participants encountered

multivalent stimuli whose composition altered from trial to

trial, stimulus repetitions were only partial and comprised only

target stimulus repetitions (ignoring stimulus position; stimuli

for each category consisted of six elements, see online

supplemental material for a detailed description). Thus, we

regarded as stimulus repetitions those trials that used the same

task-relevant stimulus in trial n-2 and trial n, regardless of the

other two, task-irrelevant stimuli. Our main dependent vari-

able was the n-2 task-repetition effect computed as the differ-

ence in log-transformed RTs between ABA and CBA trials,

depending on n-2 stimulus repetitions or switches. We entered

in the model the data of each participant in each experiment

for each stimulus transition condition. The n-2 task-repetition

effects were transformed into standardized effect sizes

(Cohen’s d). We present the results of this analysis in

Fig. 4. Moreover, we ran an LME using the data of all

eight task-switching experiments, including n-2 stimulus

repetition as one predictor of n-2 task-repetition costs. We

also included n-1 task repetitions (i.e. whether direct task

repetitions were possible in the experiment or not) be-

cause this variable has been found to affect the size of

n-2 task-repetition costs overall (Philipp & Koch, 2006).

We contrast-coded both predictors and entered them as

fixed effects in the model. Table 6 presents the results of

this analysis. Neither the intercept nor the n-1 task-repe-

tition predictor yielded significant effects. Only stimulus

repetition moderated n-2 task-repetition costs: As shown

in Fig. 4, n-2 task-repetition costs were reduced or even

turned into benefits with stimulus repetitions from trial

n-2 to trial n.

Table 4 Results of the linear mixed effects model entering position

transition as a further predictor for the data of Experiments 1–8

Predictor Estimate SE df t p

(Intercept) 0.35 0.07 4 5.12 0.007

List overlap 0.29 0.17 11.1 1.76 0.106

LTM unification 0.73 0.19 58.7 3.89 <.001

Task (Recognition

vs. Other tasks)

0.89 0.24 23.3 3.67 0.001

Task (Classification

vs. Mental arithmetic)

0.20 0.17 6.3 1.17 0.284

Position Transition 1.24 0.09 324.9 13.12 < .001

Fig. 3 Effect sizes for the n-2 list-repetition effects (in reaction times (RTs)) in Experiments 1–8, presented separately for n-2 position-repetition trials

and n-2 position-switch trials. Error bars depict the 95 % confidence intervals for the effect size
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To conclude, as for n-2 list repetition effects in declar-

ative WM, we found episodic memory contributions to

n-2 task repetition effects in procedural WM. These find-

ings, together with the ones reported by Grange et al.

Table 5 Overview of experiments (e) analyzed for the impact of stimulus repetitions on the n-2 task-repetition effects

E Sample description CTI levels RCI levels ISI n-1 task repetitions n-2 task-repetition

costs (ms)

n-2 stimulus repetitions

trials

ABA CBA

9* n = 32 (23 women, M = 26.6

years old)

100/900 blockwise 100/900

blockwise

1000 no 74.04*** 70 70

10* n = 24 (16 women, M = 24.2

years old)

100/900

blockwise

900/100

blockwise

1000 no 39.76† 66 65

11* n = 24 (18 women, M = 25.2

years old)

100/900 blockwise 900/100

blockwise

1000 no 25.57 64 63

12 n = 26 (15 women, M = 25.2

years old)

500 500 1000 yes 39.37** 18 34

13 n = 32 (24 women, M = 25.5

years old)

100/900 blockwise 100

blockwise

200/1000 yes 18.36◊ 20 39

14 n = 33 (27 women, M = 22.2

years old)

100/900 blockwise 100/900

blockwise

1000 yes −6.23 28 27

15 n = 24 (18 women, M = 22.9

years old)

100/900 blockwise 100/900

blockwise

200/1000/

1800

yes −18.98 24 23

16 n = 14 (12 women, M = 27.4

years old)

100/900 random 900/1000

random

200/1000/

1800

yes −9.04 21 25

* Experiments published in Gade & Koch, 2014, Acta Psychologica. Additionally, there was a cue type manipulation
◊ p = .096

† p = .077

** p = .010

*** p< .001

The last column presents the mean number of trials per participant with stimulus repetitions in the two conditions

CTI cue-target interval, RCI response-cue interval, ISI inter-stimulus interval (parameter values are presented in ms)

Fig. 4 Effect sizes for the n-2 task-repetition effects (in reaction times (RTs)) in Experiments 9–16, presented separately for n-2 stimulus-repetition trials

and n-2 stimulus-switch trials. Error bars represent the 95 % confidence intervals for the effect size
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(2015), strongly point to episodic contributions to n-2

task-repetition costs.

General discussion

In the task switching literature, it has been argued that no-

longer relevant task sets are inhibited to facilitate set switching

(Gade et al., 2014; Mayr & Keele, 2000). The n-2 task-repe-

tition costs have been considered as providing the most con-

vincing evidence for task inhibition (Koch et al., 2010). In the

present study, we provided first evidence for an analogous

effect when participants switch between memory lists in de-

clarative WM. Across eight experiments, we varied memory

list overlap, whether lists formed chunks in LTM, and the type

of task participants performed on the memory items. These

manipulations were designed to increase competition between

memory lists because the degree of task competition has been

found to moderate the size of n-2 task-repetition costs (see

Gade et al., 2014; Koch et al. 2010, for similar conclusions).

Two manipulations significantly increased the size of n-2 list-

repetition costs: testing memory with recognition probes, and

using chunks instead of novel lists as the memoranda.

In sum, n-2 repetition costs occur in switching between

task sets in procedural WM, and in switching between mem-

ory lists in procedural WM. However, their origin is unclear.

We considered two competing explanations: inhibition and

episodic retrieval. In our final analysis, we showed that epi-

sodic retrieval provides a viable alternative explanation for the

n-2 repetition costs for both list-switching and task-switching

paradigms. In the case of list switching, when the memory list

from trial n-2 is repeated in trial n, an episodic record of trial n-

2 is retrieved. This facilitates access to the information used in

trial n-2, that is, the tested list position, and the item bound to

this position. In most cases, however, trial n requires access to

another item bound to another position of the same list, and

hence, retrieval of the position-item binding used in trial n-2

interferes, thereby slowing responses in trial n. The episodic

retrieval account may also explain the impact of the type of

task and LTM chunks on n-2 list-repetition costs. By increas-

ing the list-length (from three to four items in some experi-

ments) as well as by increasing the number of possible probe

types in the recognition task, the chance of complete episodic

repetitions was reduced, thereby increasing episodic mis-

matches and the costs associated with such mismatches. This

experimental feature could explain the differences in the size

of the observed n-2 list repetition costs across the different list-

switching experiments reported here. Regarding the impact of

LTM chunks on n-2 list-repetition costs, chunked information

is presumably more distinctively represented in LTM, which

then facilitates episodic retrieval. At the same time, however,

it also seems to be more vulnerable to episodic mismatch (see

Fig. 3, Exp. 6 and 7a).

Task switching yields an analogous situation to the one

described above: Repeating the task of trial n-2 facilitates

access to the stimulus-response binding used in trial n-2, but

interferes with using another stimulus-response binding.

Because n-2 stimulus repetitions are rare, or even excluded

entirely in many previous experiments, the interfering effects

of retrieving the episodic record of trial n-2 predominate, lead-

ing to n-2 repetition costs. Interference from episodic retrieval

has been largely overlooked as one alternative explanation of

n-2 task-repetition costs (but see Anderson & Levy, 2007).

Recently, Grange et al. (2015) have re-evaluated episodic con-

tributions to the size of n-2 task-repetition costs. They ob-

served that stimulus (and response) repetitions reduced these

costs, although not completely eliminating them. To explain

both the reduction of n-2 repetition costs, and the remainder of

some n-2 repetition costs in stimulus repetition trials, Grange

et al. argued that both inhibition and episodic traces may con-

tribute to the size of n-2 task-repetition costs. Here we only

observed consistent evidence for n-2 list-repetition costs in the

absence of position repetitions in three out of the eight list-

switching experiments, and in the absence of stimulus repeti-

tions in one (out of eight) task-switching experiment. Hence it

is unclear whether there is a need to assume inhibition in

addition to episodic retrieval to explain n-2 repetition costs.

What it is clear from our data, though, is that episodic retrieval

plays a crucial role in explaining these costs in both declara-

tive and procedural WM.

To conclude, the parallel behavioral effects observed across

list-switching and task-switching paradigms bolster the con-

tention of analogous processing principles in declarative and

procedural WM (Oberauer, 2009). Further research, however,

is needed to determine the respective contribution of inhibi-

tion and episodic retrieval to these costs.

Author note This paper is a joint first authorship of Miriam Gade and

Alessandra S. Souza who both programmed the experiments, analyzed

them, and both wrote the manuscript.

Table 6 Results of the linear mixed effects model on the data of Experiments 9–16

Predictor Contrast code Estimate SE df t p

(Intercept) 0.20 0.12 6.24 1.64 0.151

n-1 task repetition yes = −1; no = +1 0.15 0.12 6.20 1.22 0.266

Stimulus transition repeat = −0.5; switch = +0.5 0.44 0.09 205.00 4.63 <.001
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