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Abstract
Goal-directed behavior requires maintaining the relevant goal in working memory (WM) and using it to guide behavior. 
The contents of WM should be regulated, so only relevant goals, but not irrelevant ones, are maintained. Computational 
models suggest that a gate, which is closed by default, separates WM from perceptual input. Transient opening of the gate 
enables WM updating. Indeed, previous studies show that updating WM with relevant information is controlled, effortful, 
and slow. In contrast to the above, here we show that WM updating with goal information is faster and more accurate than 
not updating. A multiple-cue task-switching paradigm is introduced. Participants were presented with a sequence of task 
cues, followed by a single probe. They needed to respond to each cue using its corresponding key. The cues were presented 
in red or blue. When the probe appeared, participants had to judge it using the task cued by the most recent red (but not blue) 
cue. Accordingly, they had to update their WM when the cue appeared in red, but not when it was blue (the color mapping 
was counterbalanced in Experiment 2). In two experiments, we show that performance in update trials was faster and more 
accurate than in no-update trials, suggesting that updating, rather than not-updating, is the default mode of operation.

Keywords  Working memory · Cognitive control and automaticity · Task switching or executive control

Introduction

Cognitive control enables information processing and action 
implementation in a context-sensitive manner. To do so, a 
context representation should be maintained and utilized to 
guide behavior. Often, this context is a goal, which serves to 
bias behavior according to the task requirements. Since the 
information about the relevant goal is typically unavailable 
in the environment, working memory (WM) is required to 
maintain it. The role of WM in maintaining goal representa-
tions is well established (e.g., Kane & Engle, 2003; Miller 
& Cohen, 2001; Oberauer et al., 2013). Previous research 
on cognitive control investigated the mechanisms that sup-
port goal implementation, using experimental tasks such as 
Stroop (e.g., Cohen et al., 1990), flanker (Eriksen & Eriksen, 
1974), and task-switching (Grange & Houghton, 2014). In 
these tasks, control is required to bias response selection 

toward a goal-appropriate feature, often by discrediting 
irrelevant aspects of the information. However, apart from 
moderating S-R associations, control is also needed to select, 
maintain, and update the appropriate context. These pro-
cesses take place even before the stimulus is encountered 
(D'Ardenne et al., 2012). While this role of control is explic-
itly acknowledged in current theoretical models of control 
(see Egner, 2017, for various theoretical views), we know 
relatively little about the processes that support it. This is 
because context (or goal) selection, maintenance, and updat-
ing cannot be studied in isolation using experimental tasks 
that do not manipulate context updating demands, namely 
whether WM updating is needed or not. The present study 
examined the processes involved in updating WM with 
task-goals, using a novel, multiple-cue variant of the task-
switching paradigm, in which participants needed to adhere 
to some of the cues but not to others.

Theoretical models of WM emphasize the conflict 
between its maintenance and updating functions (Frank 
et al., 2001; Miller & Cohen, 2001; O'Reilly, 2006). WM 
enables the maintenance of information in a highly acces-
sible state, shielded from interference caused by distract-
ing or even conflicting information. Selective updating 
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of WM contents is the ability to modify the maintained 
information when needed, counteracting the robust main-
tenance. Cognitive control is required to balance these 
demands, namely, to update WM with relevant informa-
tion, such as the currently relevant goal, and to shield it 
from irrelevant or outdated information, such as previous 
or completed goals. These models account for such control 
by assuming that WM representations are protected behind 
a “gate” that separates WM from perceptual information. 
Keeping the input-gate closed by default enables robust 
maintenance within WM, shielded from the ongoing flow 
of information. Conversely, opening the gate allows updat-
ing WM with available input.

Corroborating these models, empirical studies that 
manipulated the need for updating typically find that trials 
that involve updating are slower and more error-prone than 
those that do not (Ecker et al., 2010; Frischkorn et al., 2022; 
Kessler, 2017, 2018; Kessler & Meiran, 2006, 2008; Morris 
& Jones, 1990; Nir-Cohen et al., 2020; Rac-Lubashevsky & 
Kessler, 2016a, 2016b, 2018, 2019), and that the latency of 
updating increases with the number of to-be-updated items 
(Ecker et al., 2014; Kessler & Oberauer, 2014, 2015). These 
findings are in line with the notion that WM updating consti-
tutes an “executive function” (Miyake et al., 2000), a process 
that is controlled, costly, non-obligatory, and involves mental 
effort (Westbrook et al., 2013). Moreover, switching between 
update and no-update trials, and vice versa, is associated 
with a substantial cost that was attributed to the process of 
opening/closing the gate to WM (Kessler & Oberauer, 2014, 
2015; Nir-Cohen et al., 2020; Rac-Lubashevsky & Kessler, 
2016a, 2016b; Verschooren et al., 2021).

The above theoretical and empirical picture was chal-
lenged recently by new findings from our lab (Kessler et al., 
2022), showing that updating WM with a single letter is 
faster and more accurate than not-updating. Participants 
performed a choice response-time (RT) task in which the 
letter X or O appeared on the screen in each trial, and they 
had to respond to it using a right/left key press. The letter 
appeared within a red or blue frame to manipulate updat-
ing demands. Specifically, the participants were required to 
update their WM with the letter that appeared within the 
most recent red frame and to indicate its identity at a recall 
trial that appeared unexpectedly after several trials. Accord-
ingly, trials involving a red frame required updating WM 
with the identity of the letter presented in them (update tri-
als), whereas trials involving a blue frame did not require 
updating (no-update trials). Surprisingly, in three experi-
ments, RTs in update trials were faster and more accurate 
compared to no-update trials. This is at odds with the idea 
that updating is slow and effortful. To resolve this discrep-
ancy, we suggested that when only a single item needs to be 
processed and maintained in WM, its updating is seamlessly 
carried out as part of attending to new information. When 
updating is not desired, it should be overridden by the act of 
removal (Lewis-Peacock et al., 2018), leading to slower RTs 
in no-update trials. This idea of updating as a by-product of 
attention is in line with the theoretical view that attending to 
items facilitates their encoding into WM (Oberauer, 2019).

The present study aimed to extend the above phenomena 
with procedural information, namely goals. A multiple-cue 
task-switching paradigm was used, in which a sequence of 
task cues is presented, followed by a single probe (Fig. 1). 

Fig. 1   a Stimuli and response mapping for Experiment 1. b A dem-
onstration of a run of trials. c A run of trials consisted of a varied 
number of task cues, followed by a single probe. The cue colors indi-

cated update/no-update. The probe needed to be judged according to 
the most recent red cue
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The cues were red or blue, indicating the update and no-
update conditions. The participants were asked to judge the 
probe according to the most recent red cue. This required 
updating WM with red but not with blue cues. A choice-RT 
task performed on the cue identity enabled measuring RT 
and accuracy for cue processing. A facilitated performance 
in update compared to no-update trials would indicate that 
goals can be quickly updated into WM in an obligatory man-
ner, a finding that stands in sharp contrast to previous results 
and theorizing.

Experiment 1

Method

Participants

Twenty-eight psychology students from Ben-Gurion Uni-
versity of the Negev participated in the experiment for par-
tial course credit. Six participants were excluded from the 
analysis because of having diagnosed attention deficits (N 
= 2) or a low accuracy rate (N = 4; < 80% in the probe tri-
als). The final sample included 22 participants (19 women; 
Mage = 23.64 years, SDage = 1.26 years). All the participants 
reported having no neurological deficits or learning disabili-
ties, and an intact color vision.

Procedure

The experiment was programmed in OpenSesame (Mathôt 
et al., 2012). The study was run online using JATOS (Lange 
et al., 2015). Participants performed the experiment online 
using their personal computers through their internet 
browsers.

The experiment was composed of 120 runs that included 
a sequence of trials that presented task-cue shapes, fol-
lowed by a digit probe. In each trial, a square or a rhombus 
appeared on the screen, in either red or blue, and the partici-
pants needed to respond to it with the keys L or A, respec-
tively, using their left/right ring fingers (Fig. 1a). Square 
cues indicated the parity task (whether the probe digit is 
odd or even), and rhombus cues indicated the magnitude 
task (whether the probe digit is smaller or larger than 5). 
Upon the presentation of the probe digit, participants were 
required to apply the task indicated by the most recent red 
shape. Accordingly, they had to update their WM with the 
identity of the shapes that appeared in red (update condition) 
but not with the shapes that appeared in blue (no-update 
condition). The first trial in each sequence was always an 
update trial. The updating condition in each of the subse-
quent trials was chosen at random with equal probabilities 
for update and no-update. Each trial was terminated with 

the participant’s response or after 1,500 ms. The inter-trial 
interval was 500 ms. A sequence was composed of a mini-
mum of two trials. Starting from the third trial, each cue trial 
had a 20% probability of being the last in the run, so that the 
participants could not predict when the digit probe will be 
presented. After a sequence of task cues, one of the digits 
1–9 (excluding 5) was presented as a probe, and the partici-
pants were required to apply the task cued by the most recent 
red shape. The response keys were J and K, respectively, for 
even/odd, and D and S, respectively, for larger/smaller than 
5, using the left/right middle and index fingers.

The experiment started with a practice phase, composed 
of (a) 20 trials in which only a shape was presented, and the 
participants were required to respond using the L/A keys; 
(b) 16 trials in which a digit was presented, and the partici-
pants needed to apply the parity task; (c) same as b, but with 
the magnitude task; and (d) 21 runs, similar to those that 
appeared in the main task.

Design and analysis

The main analysis focused on RTs and error proportions 
(PE) for the task cues, as a function of Updating (update 
vs. no-update) and Update-Switch (whether the Updating 
condition was repeated or switched compared to the imme-
diately previous trial). An additional analysis examined 
performance at the probe as a function of the number of 
preceding no-update trials. Error and post-error trials were 
removed from the RT analysis. RTs shorter than 100 ms 
were removed from the cue analysis. For the probe analysis, 
RTs shorter than 100 ms or longer than 10,000 ms were 
removed. Then, trials that deviated more than 2 SD from 
the mean of their condition within each participant were 
dismissed as outliers. Runs in which the response to the 
probe was erroneous were excluded from the cue-trials 
analyses, as was the first trial in each run. All analyses were 
carried out in R (R Core Team, 2021) using the RStudio 
IDE (RStudio team, 2022; version 4.1.2) using “afex” (Sing-
man et al., 2021; version 1.0-1), “emmeans” (Length, 2022; 
version 1.7.2), “tidyverse” (Wickham et al., 2019; version 
1.3.1), “dplyr” (Wickham et al., 2021a, b; version 1.0.7), 
“readr” (Wickham, Hester, & Bryan, 2021b; version 2.1.1), 
“tidylog” (Elbers, 2020; version 1.0.2), and “ggbeeswarm” 
(Clarke & Sherrill-Mix, 2017; version 0.6.0) packages.

Results

Cue‑trials response time (RT)

The descriptive data are presented in Table 1. An ANOVA 
was conducted on mean RTs with Updating and Update-
Switch as within-subject factors. The main effect of Updat-
ing was significant, reflecting shorter RTs in update trials 
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than in no-update trials, F(1,21) = 15.58, p < .001, ηp
2 = 

.43 (see Fig. 2). Also, the main effect of Update-Switch 
was significant, reflecting shorter RTs in repeat than 
switch trials, F(1,21) = 55.61, p < .001, ηp

2 = .73. The 
two-way interaction was non-significant, F(1,21) = .05, p 
= .83, ηp

2 = .002.

Cue‑trials error proportions (PE)

A parallel ANOVA was conducted on mean PE with Updat-
ing and Update-Switch as within-subject factors. The main 
effect of Updating was significant, F(1,21) = 19.56, p < 
.001, ηp

2 = .48, as well as the main effect of Update-Switch, 

Table 1   Descriptive data for cue-trials in Experiments 1 and 2

RT response time, SD standard deviation

Updating Update-Switch Experiment 1 Experiment 2

RT (ms) PE (%) RT (ms) PE (%)

Mean SD Mean SD Mean SD Mean SD

Update Repeat 542 72 4.3 2.9 655 110 2.9 2.6
Update Switch 586 81 3.9 2.9 729 114 2.8 2.5
No-Update Repeat 564 84 9 5.4 659 92 4.7 3.5
No-Update Switch 606 97 5.3 3 768 142 2.4 1.6

Fig. 2   Response time (RT; ms) for update and no-update trials. Participants that were faster in update than in no-update cues appear in blue, and 
participants with the reversed pattern appear in red. Group means are denoted by black horizontal lines
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F(1,21) = 9.26, p = .006, ηp
2 = .31. The two-way interaction 

was also significant, F(1,21) = 10.55, p = .004, ηp
2 = .33. 

Whereas the no-update condition was more error-prone than 
update in both Update-Switch conditions, this difference was 
larger in repeat trials, F(1,21) = 23.74, p < .001, than in 
switch trials, F(1,21) = 3.61, p = .07.

Probe RT

An ANOVA was conducted on mean RTs for the probes, as 
a function of the number of preceding no-update trials in 
a run (0, 1, 2, or 3+). Probes that were preceded by 0 no-
update trials are ones in which the relevant task was cued in 
the immediately preceding cue. The more no-update trials 
preceded the probe, the further away the relevant task cue 
was. The effect of number of preceding no-update trials was 
significant, F(3,63) = 8.88, p < .001, ηp

2 = .30. RTs were 
1,599 (SD = 433), 1,690 (SD = 408), 1,815 (SD = 553), and 
1,947 (SD = 758) ms for the 0–3+ conditions, respectively. 
Helmert contrasts revealed a significant difference between 
0 and 1–3+, t(21) = 4.18, p < .001, between 1 and 2–3+, 
t(21) = 3.56, p = .002, but not between 2 and 3+, t(21) = 
1.43, p = .17.

Probe PE

A parallel ANOVA was conducted on mean PE for the 
probes. The effect of number of immediately preceding no-
update trials was significant, F(3,63) = 6.97, p < .001, ηp

2 = 
.25, PE = 3.5% (SD = 4.8%), 6.4% (SD = 5.7%), 9.8% (SD 
= 11.1%), and 13.4% (SD = 13.4%) for conditions 0–3+, 
respectively). Helmert contrasts revealed a significant differ-
ence between 0 and 1–3+, t(21) = 3.55, p = .002, between 
1 and 2–3+, t(21) = 2.54, p=.02, but not between 2 and 3+, 
t(21) = 1.56, p = .13.

Discussion

Experiment 1 demonstrated that task-cue updating is faster 
and less erroneous than no-updating, replicating our previ-
ous finding with letter stimuli (Kessler et al., 2022). The 
faster updating latencies were previously explained by the 
need for the additional process of removal in the no-update 
condition to overcome the default updating that takes place 
as part of, or because of, response selection. However, the 
probe-trial analysis revealed that this process is far from 
perfect. Specifically, the further away the presentation of the 
relevant (red) task-cue from the probe, the slower and more 
erroneous the probe performance is.

To what extent did the participants update the relevant 
goal in WM throughout the presentation of the task-cues? 
One possibility is that whenever a red task-cue appeared, 
they reconfigured the task-set accordingly to be prepared 

for the upcoming probe. Accordingly, the goal representa-
tion in WM was updated continuously throughout the run. 
Another possibility is that the shape of the most recent red 
task-cue was maintained and updated in a declarative man-
ner. Only when the probe was presented, was the main-
tained shape translated to its cued task. According to this 
possibility, only the shape but not the goal representation 
was updated throughout the run, so that participants did not 
mentally switch between tasks during the presentation of 
the task cues.

To address this issue, in Experiment 2 two differ-
ent task cues indicated each task. This enables us to dis-
tinguish between updating the task-cue and updating the 
goal throughout the run. If only the cue is maintained and 
updated, no difference in performance should be observed 
between updating a task-cue to another when they both indi-
cate the same task and updating to a cue that indicates a 
different task. In other words, observing a task switch cost 
beyond that of alternating among task cues will indicate that 
at least part of the implementation of the relevant goal takes 
place throughout run of task-cue presentation.

Experiment 2

Method

Participants

Thirty-three psychology students from Ben-Gurion Univer-
sity of the Negev participated in the experiment for par-
tial course credit. Ten participants were excluded from the 
analysis because of misunderstanding the instructions, as 
revealed during the debriefing (N = 5) or a low accuracy rate 
(< 80%) in either the cue or probe trials (N = 5). The final 
sample included 23 participants (21 women; Mage = 23.17 
years, SDage = 0.89 years). All the participants reported not 
having diagnosed attention deficits and having an intact 
color vision.

Procedure

Experiment 2 was similar to Experiment 1, except for using 
four task-cues: square, circle, pentagon, and triangle, cor-
responding to the keys L, A, S, and K, respectively. The 
shapes were presented in either red or blue. For half of the 
participants, red indicated updating and blue indicated not-
updating. This mapping was reversed for the other half, to 
ensure that the effects of updating reflect the condition rather 
than the color itself. Since the color mapping did not result 
in a main effect nor interacted with any of the other vari-
ables (all ps > .29), we collapsed the data across this vari-
able. The square and circle shapes cued the parity task, for 
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which the responses were D and J, respectively. The penta-
gon and triangle shapes cued the magnitude task, for which 
the responses were H and F, respectively. The participants 
kept four fingers of each hand on the keys A–F and H-L on 
a standard QWERTY keyboard. They responded to the cue 
identity (namely, the shape) using their left/right ring and 
little fingers, and to the probe using their index and mid-
dle fingers. The structure of the practice phase was similar 
to that of Experiment 1, except for including 40 full runs 
instead of 21.

Results

Cue‑trials RT

An ANOVA was conducted on mean RTs with Updating and 
Update-Switch as within-subject factors. The main effect of 
Updating was significant, reflecting shorter RTs in update 
trials than no-update trials, F(1,22)=6.13, p=.021, ηp

2=.22 
(see Fig. 2). Also, the main effect of Update-Switch was 
significant, reflecting shorter RTs in repeat than switch trials, 
F(1,22) = 35.98, p < .001, ηp

2 = .62. The two-way interac-
tion was again non-significant, F(1,22) = 2.53, p = .13, ηp

2 
= .10.

Cue‑trials PE

Similar analyses were conducted on mean PE. An ANOVA 
with Updating and Update-Switch revealed a significant 
main effect for Update-Switch, F(1,22) = 9.01, p = .007, 
ηp

2 = .29, but not for Updating, F(1,22) = 2.92, p = .101, 
ηp

2 = .12. As in Experiment 1, the two-way interaction was 
significant, F(1,22) = 12.20, p = .002, ηp

2 = .35. The no-
update condition was more erroneous than update in update-
repetition trials, F(1,22) = 8.70, p = .007, but the two did not 
differ significantly in update-switch trials, F(1,22) = 1.18, 
p = .29.

Task switching

We next examined the effect of switching among tasks dur-
ing the sequence of cues. To this end, we examined the effect 
of Condition, comprising three levels: no-update trials, 
update trials with both a cue-switch and a task-switch, and 
update trials with a cue-switch and a task-repetition. Trials 
in which the cue (and hence also the response) was repeated 
from the previous trial were removed from this analysis 
since these repetitions, which are generally fast, could not 
take place in the task-switch condition and hence may con-
found the results. With the remaining trials we conducted an 
ANOVA on mean RTs with Condition and Update-Switch 
(repeat, switch) as within-subject factors. Only the main 
effect of Task-Switch was significant, F(2,44) = 8.60, p < 

.001, ηp
2 = .28. Task switch trials (M = 889 ms, SD = 190) 

were slower than task repetition (M = 817 ms, SD = 177), 
respectively, t(22) = 2.34, p = .029. Also, no-update trials 
(M = 924 ms, SD = 192) were slower than both, t(22) = 
3.96, p < .001. These findings indicate that task switching 
was more costly than a mere cue/response-switch within 
the same task. The main effect of Update-Switch was non-
significant, F(1,22) = .14, p = .712, and so was the two-way 
interaction, F(2,44) = 1.84, p = .171. The parallel analysis 
on PE did not reveal any significant effects (F(2,44) = 1.46, 
p = .244, F(1,22) = 1.14, p = .298, and F(2,44) = 2.44, p 
= .099, for the main effects of Task-Switch, Update-Switch 
and the two-way interactions, respectively). Notably, task-
switch trials were numerically more erroneous (3.7%) than 
task repetitions (2.6%) Fig. 3.

Probe RT

An ANOVA was conducted on mean RTs for the probes as 
a function of the number of preceding no-update trials in a 
run (0, 1, 2, or 3+). Replicating the findings of Experiment 
1, the effect of number of preceding no-update trials was 
significant, F(3,66) = 8.19, p < .001, ηp

2 = .27. RTs were 
2,411 (SD = 676), 2,500 (SD = 780), 2,612 (SD = 734), and 
2,757 (SD = 828) ms for the 0–3+ conditions, respectively. 
Helmert contrasts revealed a significant difference between 
0 and 1–3+, t(22) = 3.64, p = .001, between 1 and 2–3+, 
t(22) = 3.92, p<.001, but not between 2 and 3+, t(22) = 
1.59, p = .13.

Fig. 3   Mean response time (RT) by task switching in Experiment 
2. Trials in which the exact cue and response was repeated were 
removed from the analysis. Horizontal lines represent group means
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Probe PE

A parallel ANOVA was conducted on mean PE for the 
probes. The effect of number of immediately preceding 
no-update trials was significant, F(3,66) = 7.52, p<.001, 
ηp

2 = .26. Mean PE was 3.1% (SD = 3.4%), 5.9% (SD = 
6.7%), 9.9% (SD = 13.2%), and 14.9% (SD = 17.6%) for 
conditions 0–3+, respectively. Helmert contrasts revealed a 
significant difference between 0 and 1–3+, t(22) = 3.42, p 
= .003, between 1 and 2–3+, t(22) = 3.22, p = .004, but not 
between 2 and 3+, t(22) = 1.66, p = .11. This pattern also 
replicates the findings of Experiment 1.

General discussion

The present study replicated and extended the finding of 
Kessler et al. (2022). Updating is quicker and more accu-
rate than not-updating in both declarative stimuli (letters) 
and task-cues. Merely acting on a task-cue, as required by 
response selection, leads to its updating into WM. In the 
cued task-switching paradigm (Meiran, 1996) the cue always 
indicates the relevant goal. The basic finding is a highly 
robust task-switching cost (for reviews, see Kiesel et al., 
2010; Monsell, 2003), observed by comparing performance 
task-switch and task-repetition trials in a similar fashion to 
our analysis of Experiment 2. The multiple-cue paradigm 
developed here added two aspects to the paradigm. First, the 
inclusion of no-update trials enabled examination of selec-
tive WM updating, by which not all available information 
needed to be maintained in WM. Rather, the cue identity 
in no-update trials had to be ignored. Second, responding 
to the cue identity enabled measuring performance during 
cue processing that was not contaminated with processing 
the probe. Three possible outcomes could be predicted in 
this situation. The notion of updating as an inserted costly 
process that takes place only when needed implies that 
updating should be slower than not updating. Alternatively, 
participants could simply perform the choice RT task on the 
cue identity without updating WM throughout the run, and 
attempt to recall the relevant task cue only when the probe 
was presented. This reactive strategy (Braver, 2012) implies 
no difference in performance between update and no-update 
trials. In contrast to these alternative results, out findings 
show that adhering to the task cue and its maintenance in 
WM is faster than ignoring it, regardless of its instructed 
goal. It follows that updating, rather than not-updating, is 
the default mode of operation.

The empirical picture is somewhat more nuanced. Previ-
ous work with declarative information often showed that 
updating is more costly than not-updating. For example, in 
the reference-back task (Rac-Lubashevsky & Kessler, 2016a, 
2016b), a red or blue letter appears on the screen in each 

trial. Participants are required to indicate whether each let-
ter is the same as or different from the most recent red let-
ter. Accordingly, they need to update their WM with each 
red letter, and not with blue letters. This paradigm robustly 
gives rise to an update cost, in contrast to the findings of 
Kessler et al. (2022) and of the present study. Kessler et al. 
reconciled this apparent conflict by distinguishing between 
updating items and item-context associations. Specifically, 
to respond correctly in the reference-back task, participants 
need to maintain both the reference (previous red letter) and 
the currently presented item in WM, each with its associ-
ated “role” or “context.” Updating trials, therefore, required 
not only updating a single maintained letter but the item-to-
context binding. In their Experiment 1, Kessler et al. (2022) 
examined a condition in which two frames appeared on the 
screen. In each trial a single letter appeared in only one of 
them, which was colored in red (update) or blue (no-update). 
After several trials, the most recent letter corresponding 
to each frame had to be recalled. In this condition, which 
required forming item-context associations, updating was 
slower than not-updating, as “usual.” It follows that when 
only one item is maintained in WM, whether a letter or a 
task cue, updating is easy and does not depend on gating. 
However, the updating of item-context bindings is costly 
and selective.

At the empirical level, the multiple-cue task-switching 
paradigm developed here enables examining the process of 
selective updating and of ignoring instructed goals, includ-
ing the behavioral moderators of this process, its brain cor-
relates, and the associated pattern of individual differences. 
Returning to cognitive control, our findings suggest that 
updating WM with the relevant goal is not necessarily con-
trolled or demanding. Rather, at least in some situations, it 
is the default mode of operation. This implies that ignoring a 
goal, such as when hearing an instruction given to someone 
else, is harder than adhering to it.
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grant #1088/21 awarded to Y.K. The raw data and analysis codes for 
this study are available at https://​osf.​io/​rgjau/.

References

Braver, T. S. (2012). The variable nature of cognitive control: A dual 
mechanisms framework. Trends in Cognitive Sciences, 16(2), 
106–113.

Clarke, E., & Sherrill-Mix, S. (2017). ggbeeswarm: Categorical scatter 
(violin point) plots. R package version 0.6.0. https://​CRAN.R-​
proje​ct.​org/​packa​ge=​ggbee​swarm

Cohen, J. D., Dunbar, K., & McClelland, J. L. (1990). On the control of 
automatic processes: A parallel distributed processing account of 
the Stroop effect. Psychological Review, 97(3), 332–361.

649Psychonomic Bulletin & Review (2023) 30:643–651

https://osf.io/rgjau/
https://cran.r-project.org/package=ggbeeswarm
https://cran.r-project.org/package=ggbeeswarm


1 3

D'Ardenne, K., Eshel, N., Luka, J., Lenartowicz, A., Nystrom, L. E., 
& Cohen, J. D. (2012). Role of prefrontal cortex and the midbrain 
dopamine system in working memory updating. Proceedings of 
the National Academy of Sciences USA, 109, 19900–19909.

Ecker, U. K. H., Lewandowsky, S., Oberauer, K., & Chee, A. E. (2010). 
The components of working memory updating: An experimental 
decomposition and individual differences. Journal of Experimen-
tal Psychology. Learning, Memory, and Cognition, 36, 170–189.

Ecker, U. K., Lewandowsky, S., & Oberauer, K. (2014). Removal of 
information from working memory: A specific updating process. 
Journal of Memory and Language, 74, 77–90.

Egner, T. (Ed.). (2017). The Wiley handbook of cognitive control. John 
Wiley & Sons.

Elbers, B. (2020). tidylog: Logging for ‘dplyr’ and ‘tidyr’ functions. 
T package version 1.0.2. https://​CRAN.R-​proje​ct.​org/​packa​ge=​
tidyl​og

Eriksen, B. A., & Eriksen, C. W. (1974). Effects of noise letters upon 
the identification of a target letter in a nonsearch task. Perception 
& Psychophysics, 16(1), 143–149.

Frank, M. J., Loughry, B., & O’Reilly, R. C. (2001). Interactions 
between frontal cortex and basal ganglia in working memory: A 
computational model. Cognitive, Affective, and Behavioral Neu-
roscince, 1, 137–160.

Frischkorn, G. T., von Bastian, C. C., Souza, A. S., & Oberauer, K. 
(2022). Individual differences in updating are not related to rea-
soning ability and working memory capacity. Journal of Experi-
mental Psychology: General, 151, 1341–1357.

Grange, J., & Houghton, G. (Eds.). (2014). Task switching and cogni-
tive control. Oxford University Press.

Kane, M. J., & Engle, R. W. (2003). Working-memory capacity and the 
control of attention: The contributions of goal neglect, response 
competition, and task set to Stroop interference. Journal of Exper-
imental Psychology: General, 132(1), 47–70.

Kessler, Y. (2017). The role of working memory gating in task switch-
ing: A procedural version of the reference-back paradigm. Fron-
tiers in Psychology, 8, 2260.

Kessler, Y. (2018). N-2 repetition leads to a cost within working mem-
ory and a benefit outside it. Annals of the New York Academy of 
Sciences, 1424, 268–277.

Kessler, Y., & Meiran, N. (2006). All updateable objects in working 
memory are updated whenever any of them are modified: Evi-
dence from the memory updating paradigm. Journal of Experi-
mental Psychology. Learning, Memory, and Cognition, 32, 
570–585.

Kessler, Y., & Meiran, N. (2008). Two Dissociable Updating Processes 
in Working Memory. Journal of Experimental Psychology. Learn-
ing, Memory, and Cognition, 34, 1339–1348.

Kessler, Y., & Oberauer, K. (2014). Working memory updating latency 
reflects the cost of switching between maintenance and updating 
modes of operation. Journal of Experimental Psychology: Learn-
ing, Memory, and Cognition, 40, 738–754.

Kessler, Y., & Oberauer, K. (2015). Forward scanning in verbal work-
ing memory updating. Psychonomic Bulletin & Review, 22, 
1770–1776.

Kessler, Y., Zilberman, N., & Kvitelashvili, S. (2022). Updating, 
fast and slow: Items, but not item-context bindings, are quickly 
updated into working memory as part of response selection. 
https://​doi.​org/​10.​31234/​osf.​io/​ua284

Kiesel, A., Steinhauser, M., Wendt, M., Falkenstein, M., Jost, K., 
Philipp, A. M., & Koch, I. (2010). Control and interference in task 
switching—A review. Psychological Bulletin, 136(5), 849–874.

Lange, K., Kühn, S., & Filevich, E. (2015). “Just Another Tool for 
Online Studies” (JATOS): An Easy Solution for Setup and Man-
agement of Web Servers Supporting Online Studies. PLoS One, 
10(6), e0130834.

Length, R. V. (2022). emmeans: Estimated marginal means, aka least-
squares means. R package version 1.7.2. https://​CRAN.R-​proje​ct.​
org/​packa​ge=​emmea​ns

Lewis-Peacock, J. A., Kessler, Y., & Oberauer, K. (2018). The removal 
of information from working memory. Annals of the New York 
Academy of Sciences, 1424(1), 33–44. https://​doi.​org/​10.​1111/​
nyas.​13714

Mathôt, S., Schreij, D., & Theeuwes, J. (2012). OpenSesame: An 
open-source, graphical experiment builder for the social sciences. 
Behavior Research Methods, 44(2), 314–324.

Meiran, N. (1996). Reconfiguration of processing mode prior to task 
performance. Journal of Experimental Psychology: Learning, 
Memory, and Cognition, 22(6), 1423–1442.

Miller, E. K., & Cohen, J. D. (2001). An integrative theory of prefrontal 
cortex function. Annual Review of Neuroscience, 24, 167–202.

Miyake, A., Friedman, N. P., Emerson, M. J., Witzki, A. H., Howerter, A., & 
Wager, T. D. (2000). The unity and diversity of executive functions and 
their contributions to complex “frontal lobe” tasks: A latent variable 
analysis. Cognitive Psychology, 41(1), 49–100.

Monsell, S. (2003). Task switching. Trends in Cognitive Sciences, 7, 
134–140.

Morris, N., & Jones, D. M. (1990). Memory updating in working mem-
ory: The role of the central executive. British Journal of Psychol-
ogy, 81(2), 111–121.

Nir-Cohen, G., Kessler, Y., & Egner, T. (2020). Neural substrates of 
working memory updating. Journal of Cognitive Neuroscience, 
32(12), 2285–2302.

Oberauer, K. (2019). Working Memory and Attention – A Conceptual 
Analysis and Review. Journal of Cognition, 2(1), 36.

Oberauer, K., Souza, A. S., Druey, M. D., & Gade, M. (2013). Analo-
gous mechanisms of selection and updating in declarative and 
procedural working memory: Experiments and a computational 
model. Cognitive Psychology, 66(2), 157–211.

O'Reilly, R. C. (2006). Biologically based computational models of 
high-level cognition. Science, 314, 91–94.

R Core Team. (2021). R: A language and environment for statisti-
cal computing. R Foundation for Statistical Computing https://​
www.R-​proje​ct.​org/

Rac-Lubashevsky, R., & Kessler, Y. (2016a). Dissociating controlled 
and automatic updating in working memory: The reference-back 
paradigm. Journal of Experimental Psychology. Learning, Mem-
ory, and Cognition, 42, 951–969.

Rac-Lubashevsky, R., & Kessler, Y. (2016b). Decomposing the n-back 
task: An individual differences study using the reference-back 
paradigm. Neuropsychologia, 90, 190–199.

Rac-Lubashevsky, R., & Kessler, Y. (2018). Oscillatory correlates of 
control over working memory gating and updating: An EEG study 
using the reference-back paradigm. Journal of Cognitive Neuro-
science, 20, 1–13.

Rac-Lubashevsky, R., & Kessler, Y. (2019). Revisiting the relation-
ship between the P3b and working memory updating. Biological 
Psychology, 148, 107769.

Rstudio Team. (2022). RStudio: Integrated development environment 
for R. Rstudio, PBC http://​www.​rstud​io.​com/

Singman, H., Bolker, B., Wastfall, J., Aust, F., & Ben-Shachar, M. S. 
(2021). afex: Analysis of factorial experiments. R package version 
1.0-1. https://​CRAN.R-​proje​ct.​org/​packa​ge=​afex

650 Psychonomic Bulletin & Review (2023) 30:643–651

https://cran.r-project.org/package=tidylog
https://cran.r-project.org/package=tidylog
https://doi.org/10.31234/osf.io/ua284
https://cran.r-project.org/package=emmeans
https://cran.r-project.org/package=emmeans
https://doi.org/10.1111/nyas.13714
https://doi.org/10.1111/nyas.13714
https://www.r-project.org/
https://www.r-project.org/
http://www.rstudio.com/
https://cran.r-project.org/package=afex


1 3

Verschooren, S., Kessler, Y., & Egner, T. (2021). Evidence for a single 
mechanism gating perceptual and long-term memory information 
into working memory. Cognition, 212, 104668.

Westbrook, A., Kester, D., & Braver, T. S. (2013). What is the subjec-
tive cost of cognitive effort? Load, trait, and aging effects revealed 
by economic preference. PLoS One, 8(7), e68210.

Wickham, H., Averick, M., Bryan, J., Chang, W., McGowan, L. D. A., 
Francois, R., et al. (2019). Welcome to the Tidyverse. Journal of 
Open Source Software, 4(43), 1686.

Wickham, H., Francois, R., Henry, L., & Muller, K (2021a). dplyr: A 
grammar of data manipulation. R package version 1.0.7. https://​
CRAN.R-​proje​ct.​org/​packa​ge=​dplyr.

Wickham, H., Hester, J., & Bryan, J. (2021b). readr: Read rectangular 
text data. R package version 2.1.1. https://​CRAN.R-​proje​ct.​org/​
packa​ge=​readr.

Publisher’s note  Springer Nature remains neutral with regard to 
jurisdictional claims in published maps and institutional affiliations.

Springer Nature or its licensor holds exclusive rights to this article under 
a publishing agreement with the author(s) or other rightsholder(s); 
author self-archiving of the accepted manuscript version of this article 
is solely governed by the terms of such publishing agreement and 
applicable law.

651Psychonomic Bulletin & Review (2023) 30:643–651

https://cran.r-project.org/package=dplyr
https://cran.r-project.org/package=dplyr
https://cran.r-project.org/package=readr
https://cran.r-project.org/package=readr

	Task cues are quickly updated into working memory as part of their processing: The multiple-cue task-switching paradigm
	Abstract
	Introduction
	Experiment 1
	Method
	Participants
	Procedure
	Design and analysis

	Results
	Cue-trials response time (RT)

	Cue-trials error proportions (PE)
	Probe RT
	Probe PE

	Discussion

	Experiment 2
	Method
	Participants
	Procedure

	Results
	Cue-trials RT
	Cue-trials PE
	Task switching
	Probe RT
	Probe PE


	General discussion
	References


