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Abstract
Cognitive control, which allows for the selection and monitoring of goal-relevant behavior, is dynamically upregulated on the
basis of moment-to-moment cognitive demands. One route bywhich these demands are registered by cognitive control systems is
via the detection of response conflict. Yet working memory (WM) demands may similarly signal dynamic adjustments in
cognitive control. In a delayed-recognition WM task, Jha and Kiyonaga (Journal of Experimental Psychology: Learning,
Memory, & Cognition, 36(4), 1036–1042, 2010) demonstrated dynamic adjustments in cognitive control via manipulations of
mnemonic load and delay-spanning cognitive interference. In the present study, we aimed to extend prior work by investigating
whether affective interference may similarly upregulate cognitive control. In Experiment 1, participants (N = 89) completed a
delayed-recognition WM task in which mnemonic load (memory load of one vs. two items) and delay-spanning affective
interference (neutral vs. negative distractors) were manipulated in a factorial design. Consistent with Jha and Kiyonaga, the
present results revealed that mnemonic load led to dynamic adjustments in cognitive control, as reflected by greater performance
on trials preceded by high than by low load. In addition, we observed that affective interference could trigger dynamic adjust-
ments in cognitive control, as evinced by higher performance on trials preceded by negative than by neutral distractors. These
findings were subsequently confirmed in Experiment 2, which was a pre-registered replication study (N = 100). Thus, these
results suggest that in addition to dynamic adjustments as a function ofmnemonic load, affective interference, similar to cognitive
interference (Jha & Kiyonaga Journal of Experimental Psychology: Learning, Memory, & Cognition, 36(4), 1036–1042, 2010),
may trigger dynamic adjustments in cognitive control during a WM task.
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Background

Successfully adapting to unpredictable and ever-changing en-
vironments is necessary in daily life. Cognitive control, which
refers to a family of higher-order processes that allow for the
selection, maintenance, and monitoring of behavior in the ser-
vice of goal attainment, is necessary for performance success
(Botvinick, Braver, Barch, Carter, & Cohen, 2001; Braver,
Gray, & Burgess, 2007; Dreisbach & Fischer, 2012b; Miller
& Cohen, 2001; Redick, 2014).When task demands outweigh
current processing resources, upregulation of cognitive con-
trol may be triggered in the service of benefiting subsequent
goal-relevant information processing. Herein, the term
dynamic adjustments refers broadly to trial-by-trial

fluctuations in the deployment of cognitive resources dedicat-
ed to processing task-relevant information. These adjustments
typically involve upregulation of cognitive control, which is
characterized by increased engagement of attentional control
mechanisms to facilitate subsequent goal-relevant responses
(Gratton, Cooper, Fabiani, Carter, & Karayanidis, 2018). To
date, there has been a paucity of research investigating the
breadth of factors capable of triggering dynamic upregulation
of cognitive control.

One prominent account of the dynamic upregulation of
cognitive control, proposed by Botvinick and colleagues, is
the conflict-monitoring theory (Botvinick et al., 2001;
Botvinick, Cohen, & Carter, 2004; Botvinick, Nystrom,
Fissell, Carter, & Cohen, 1999). This theory suggests that
ongoing mental processes are monitored for “conflict,” which
are instances when goal attainment may be jeopardized due to
discrepancies between internal representations and prepotent
behavioral tendencies. Consequently, the detection of
conflict is proposed to trigger the upregulation of cognitive
control processes in resolving task-related challenges. As a
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result of this upregulation, goal-relevant information process-
ing may be facilitated in subsequent moments. The phenom-
enon of sequential performance benefits following conflict
detection is referred to as conflict adaptation (Botvinick
et al., 2001).

Studies investigating conflict adaptation have primarily uti-
lized tasks involving response conflict, such as the Stroop,
Simon, and Eriksen flanker tasks (Botvinick et al., 1999;
Egner, 2007; Gratton, Coles, & Donchin, 1992; Hommel,
Proctor, & Vu, 2004; Kerns et al., 2004; Stürmer, Leuthold,
Soetens, Schröter, & Sommer, 2002; Ullsperger, Bylsma, &
Botvinick, 2005; Verbruggen, Notebaert, Liefooghe, &
Vandierendonck, 2006). In these tasks, high-conflict trials
are those in which task-irrelevant stimulus features directly
interfere with response selection. In contrast, low-conflict tri-
als have task-irrelevant stimulus features that are not in con-
flict with the desired response. For example, in the Stroop
task, participants are asked to indicate the ink color of the
presented word, which may or may not conflict with the
meaning of the word (e.g., the word “Blue” presented in a
green font represents a high-conflict trial, whereas the word
“Blue” presented in a blue font represents a low-conflict trial).
Response times (RTs) are slower and task accuracy is lower on
current high- versus low-conflict trials (Botvinick et al., 1999;
Gratton et al., 1992; Kerns et al., 2004; Stürmer et al., 2002).
However, according to theories of conflict adaptation, high-
conflict trials lead to the upregulation of cognitive control to
buffer against interference from task-irrelevant distracting
stimuli on subsequent high-conflict trials (Botvinick et al.,
2001). As such, conflict adaptation is reflected by the biasing
of attention toward task-relevant information (Becker,
Jostmann, & Holland, 2019; Botvinick et al., 2001) and by
facilitated performance on trials following high- versus low-
conflict trials (Egner, 2007; Gratton et al., 1992; Hommel
et al., 2004; Kerns et al., 2004; Stürmer et al., 2002;
Ullsperger et al., 2005; Verbruggen et al., 2006).

The presence of conflict has also been conceptualized as an
affectively negative experience (Botvinick, 2007; Dreisbach
& Fischer, 2012b; Fritz & Dreisbach, 2013; Saunders, Lin,
Milyavskaya, & Inzlicht, 2017). Indeed, Dreisbach and others
have proposed that the upregulation of cognitive control in
response to conflict operates via the triggering of an aversive
signal (see Dreisbach & Fischer, 2012b; Saunders et al.,
2017). Neuroimaging studies have supported the association
between conflict signals and negative stimuli, in that both
activate overlapping regions of the anterior cingulate and
midcingulate cortex (ACC and MCC, respectively), and prior
evidence suggests that these regions play a role in integrating
conflict signals and affective information to influence cogni-
tive control and behavior (Botvinick, 2007; Saunders et al.,
2017).

A recent behavioral study investigated the link between
conflict and negative affect by examining whether the

presence of conflict was a better predictor of subsequent per-
formance benefits than the subjective experience of negative
affect in a response conflict task (Fröber, Stürmer, Frömer, &
Dreisbach, 2017). Participants completed a Simon task and
rated their affective experience after each trial as either “pleas-
ant” or “unpleasant.” A typical conflict adaptation effect was
observed, with facilitated performance following high- as
compared to low-conflict trials. Strikingly, when results were
analyzed as a function of the pleasantness rating, sequential
performance benefits were observed following low-conflict
trials rated as unpleasant but not those rated as pleasant.
These findings suggest that negative affect can upregulate
cognitive control, and in some cases may be enough to pro-
duce sequential performance benefits even in the absence of
response conflict.

Furthermore, several studies have suggested that affective-
ly negative stimuli embedded within response conflict tasks
lead to enhanced upregulation of cognitive control. A study by
Melcher, Born, and Gruber (2011) demonstrated that negative
images (vs. neutral images) presented between neutral Stroop
trials resulted in enhanced activation of brain areas implicated
in the upregulation of cognitive control. Behaviorally, a re-
sponse conflict study in which the task-relevant stimulus set
included embedded task-irrelevant emotional words, revealed
that negative words enhanced sequential performance relative
to neutral words (Zeng et al., 2017). However, some studies
have reported that negative stimuli do not trigger subsequent
performance benefits more than neutral stimuli do (Dignath,
Janczyk, & Eder, 2017; van Steenbergen, Band, & Hommel,
2009). Another study suggested that negative stimuli elimi-
nated subsequent performance benefits (Padmala, Bauer, &
Pessoa, 2011). Thus, the evidence has been somewhat mixed
regarding upregulation of cognitive control with negative (vs.
neutral) stimuli in response conflict tasks.

Beyond response conflict and negatively valenced
stimuli, recent studies have investigated whether
subsequent performance benefits can be triggered by
cognitive task demands more broadly. A study by
Fischer, Dreisbach, and Goschke (2008) combined a
Simon task with a secondary number comparison task. As
predicted, subsequent performance benefits were observed
in response to high-conflict trials in the Simon task.
Surprisingly, sequential performance benefits were also
observed with increased difficulty in the number compari-
son task. Another study by Dreisbach and Fischer (2011)
examined whether cognitive demands, in the absence of
conflict or response selection manipulations, resulted in
subsequent performance benefits. This study used a task
that varied perceptual fluency across trials by including
hard-to-read and easy-to-read stimuli. The results demon-
strated that hard-to-read trials (more than easy-to-read tri-
als) facilitated performance on subsequent trials. Thus, se-
quential performance benefits may not be restricted to the
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presence of response conflict or negative stimuli, but may
be triggered by broader demands on cognitive control.

In the present study, we examined factors that may contrib-
ute to subsequent performance benefits in the context of work-
ing memory (WM). WM is a key facet of cognitive control
involving the maintenance and manipulation of information
over short intervals. WM tasks typically involve a series of
successive processes including encoding, maintenance,
distractor interference resolution, and retrieval processes
(Baddeley, 1986; Cowan, 2016). Many aspects of delayed-
recognition WM tasks can be manipulated in order to vary
cognitive demands. Prior studies have manipulated mnemonic
load (see Jha &McCarthy, 2000), delay-spanning interference
(Dolcos, Miller, Kragel, Jha, & McCarthy, 2007; Sreenivasan
& Jha, 2007), and retrieval demands (Cabeza, Dolcos,
Graham, & Nyberg, 2002), finding that higher demands result
in poorer current-trial performance.

In a study by Jha and Kiyonaga (2010), mnemonic load
and distractor interference were manipulated to investigate
whether the current-trial demands impact subsequent-trial per-
formance. At the beginning of each trial, participants were
instructed to remember one or two memory item(s) (low or
high load, respectively), consisting of faces or shoes. During
the delay interval, participants were presented with two task-
irrelevant distractors consisting of either faces or shoes that
were of the same category (i.e., confusable, or high interfer-
ence) or of a different category (i.e., nonconfusable, or low
interference) as the memory item(s). At the end of the delay,
participants were presented with a test item and asked if the
test itemmatched or did not match the memory item. Analyses
of current-trial effects demonstrated the expected effects of
lower task accuracy and slower RTs for high-load than for
low-load trials and for high-interference than for low-
interference trials (Jha, Fabian, & Aguirre, 2004; Jha &
McCarthy, 2000; Sreenivasan & Jha, 2007). An analysis of
sequential performance as a function of the previous-trial de-
mands demonstrated greater task accuracy and faster RTs for
trials following high-load than for those following low-load
trials, and for trials following high-interference as compared
to low-interference trials. These results suggested that high
load and high interference can prompt the upregulation of
cognitive control in a WM task.

In the context of the delayed-recognition WM task de-
scribed above, the pattern of results observed as a function
of the mnemonic load manipulation was akin to the results
reported by Dreisbach and Fischer (2011) for high versus
low perceptual fluency, in that high versus low cognitive de-
mands not involving conflict were able to produce subsequent
performance benefits. The distractor manipulation, on the oth-
er hand, was somewhat analogous to the congruency manip-
ulation in response conflict tasks. That is, high-interference
distractor trials might have resulted in the experience of
conflict, as similar-category memory items were to be

maintained in WM during distractor presentation. In line with
the conflict adaptation literature, high- as compared to low-
interference trials resulted in subsequent performance
benefits.

Given the prior evidence that response conflict and nega-
tive affect might activate similar brain regions in order to
upregulate cognitive control (Botvinick, 2007; Cohen &
Henik, 2012; Dreisbach & Fischer, 2012a, 2015; Saunders
et al., 2017), and that conflict-like interference trials result in
subsequent-trial benefits, perhaps negative delay-spanning
distractors might similarly result in subsequent-trial benefits
during delayed-recognition WM tasks. Although previous
studies have shown that negative (vs. neutral) distractors im-
pair current-trial performance on a delayed-recognition WM
task with valenced distractors (Dolcos, Diaz-Granados, Wang,
& McCarthy, 2008; Dolcos & McCarthy, 2006; Jha, Witkin,
Morrison, Rostrup, & Stanley, 2017), these studies have not
investigated subsequent-trial effects as a function of distractor
valence. To test this prediction, in the present study we inves-
tigated the impact of negative and neutral delay-spanning
distractors on subsequent-trial performance in a delayed-
recognition WM task.

Herein, two experiments were conducted using a task sim-
ilar to that of Jha and Kiyonaga (2010), in which mnemonic
load and affective interference were parametrically manipulat-
ed across trials, to examine the effects of the current and pre-
vious trial demands on performance. The findings from the
first experiment (Exp. 1) were used to formally pre-register a
replication study (Exp. 2) using the Open Science Framework
(www.osf.io). We examined the main effect of each factor
(load and affective interference) on current-trial performance
as a function of current and previous trial demands. For the
current-trial demands, we predicted that WM performance
would be greater when mnemonic load was low (one item)
rather than high (two items), and affective distractors were
categorized as neutral or negative on the basis of prior studies
examining the effect of mnemonic load and/or affective inter-
ference in WM tasks (Dolcos et al., 2008; Dolcos &
McCarthy, 2006; Jha & Kiyonaga, 2010; Jha et al., 2017).
For previous trial demands, we predicted that WM perfor-
mance would be greater on trials preceded by high- rather than
low-load trials, on the basis of findings by Jha and Kiyonaga
(2010), and on trials preceded by negative rather than neutral
distractors, on the basis of studies suggesting that negative
affect and conflict are interrelated constructs (Botvinick,
2007; Dreisbach & Fischer, 2012b). We also examined the
combined effect of previous-trial load and previous-trial affec-
tive interference on subsequent-trial performance. We predict-
ed that performance would be highest on trials preceded by
both high-demand conditions (high load and negative
distractors), lower for trials preceded by one high-demand
condition and one low-demand condition (high load and neu-
tral distractors or low load and negative distractors), and
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lowest for trials preceded by both low-demand conditions
(low load and neutral distractors).

Experiment 1

Method

Participants

A delayed-recognitionWM task with affective distractors was
administered to a group of healthy young adults recruited from
the University of Miami community (N = 89: 54 females, 35
males;M age = 19.35 years, SD = 1.69), who received course
credit for their participation. Informed consent was obtained in
accordance with the Institutional Review Boards of the
University of Miami.

Experimental stimuli and design

WM task with affective distractors Participants were instructed
to remember an array of faces or shoes over a delay interval
that included distracting images. The task was similar to those
used in previous studies of WM utilizing undergraduate and
military populations (i.e., Jha & Kiyonaga, 2010; Jha et al.,
2017). Figure 1 presents a schematic of the progression of
each trial of the WM task. During each trial, participants were
instructed to keep their gaze in the center of the screen at all
times. Trials began with a memory array (S1) presented for
3,000 ms, containing either two memory items (high mne-
monic load) or one memory item paired with a noise mask
(low mnemonic load). S1 was followed by a delay interval of
3,000 ms, which included a task-irrelevant distractor image
(neutral or negative in valence) displayed for 2,000 ms.

Following the delay, a single test item (S2) was presented
for up to 2,500 ms. Participants were instructed to press a
designated key corresponding to whether S2 was an image
that had appeared in S1 (match trials) or a novel image
(nonmatch trials) that had not appeared in S1. Participants
were asked to respond quickly and accurately, with greater
emphasis on accuracy. S2 was always of the same category
(face or shoe) as S1. The memory item(s) and distractor stim-
uli were not repeated during the task, with the exception of S2
on match trials. Half of the trials utilized neutral faces as
stimuli, and the other half utilized shoes, with both trial types
intermixed throughout the task. In addition, half of the trials
utilized neutral distractor images, whereas the remaining trials
utilized negative distractor images. The task consisted of a 30-
trial practice block (with accuracy feedback) and three 30-trial
experimental blocks (90 total experimental trials). The dura-
tion of the task was approximately 20 min, with self-timed
breaks between blocks.

Distractor images were drawn from the International
Affective Picture System (Lang, Bradley, & Cuthbert, 2008)
and were either neutrally valenced (normative valence: M =
5.36, SD = 1.33; arousal: M = 3.43, SD = 2.03) or negatively
valenced (normative valence:M = 2.53, SD = 1.54; arousal:M
= 5.91, SD = 2.23) (Lang et al., 2008). The negative images
consisted of aggressive or aversive scenes and objects, where-
as the neutral images were matched to the negative images in
terms of scene composition and chromatic structure.

Thus, cognitive demands were manipulated along two
levels of mnemonic load (low vs. high) and two levels of
affective interference (neutral vs. negative distractors), yield-
ing four distinct trial types: low load/neutral distractor, low
load/negative distractor, high load/neutral distractor, and high
load/negative distractor. Each trial type occurred with approx-
imately equal frequencies (low load/neutral distractor
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Fig. 1 Time course progression of a sample delayed-recognition working
memory task trial (high mnemonic load, negative distractor). Low-
mnemonic-load trials utilized a noise mask in place of the second image
in S1. During a high-load trial, participants were shown two images of
either faces or shoes (S1) and asked to remember them over a delay
interval, during which they were shown a distractor image (D, either

neutral or negative in valence). After the delay interval, participants were
shown a single face or shoe (S2) and asked to determine whether the
image matched either of the images seen in S1. The S1 image type (faces
vs. shoes) varied randomly across trials, but the S2 type always matched
the S1 type within trials.



condition, 22 trials; low load/negative distractor condition, 23
trials; high load/neutral distractor condition, 23 trials; high
load/negative distractor condition, 22 trials). Across the exper-
iment, trials varied across four factors: S1/S2 category (faces/
shoes), match versus nonmatch trials, mnemonic load level
(low/high), and affective interference (neutral/negative). The
trial order was pseudo-randomly intermixed in terms of these
four variables so that identical trial types were never consec-
utively presented.

Image ratings After completing the WM task, participants
were asked to rate the arousal and valence of the images pre-
sented during the delay, utilizing a 9-point scale ranging from
1 to 9. For valence, 1 represented highly negative emotional
content, 5 represented neutral emotional content, and 9 repre-
sented highly positive emotional content. For arousal, 1 rep-
resented the lowest level of arousal and 9 represented the
highest level of arousal. Participants were given as much time
as needed to complete the rating scales.

Participants rated images in accordance with Lang et al.
(2008), which confirmed our manipulation of negative and
neutral distractors in the task. The neutral distractors (M =
5.30, SD = 0.48) were rated as less negative than the negative
distractors (M = 2.28, SD = 0.68), t(77) = – 29.76, p < .001,
95% CI [– 3.22, – 2.82], dz = 3.37. Additionally, the neutral
distractors (M = 2.16, SD = 1.45) were also rated as less
arousing than the negative distractors (M = 3.69, SD = 2.12),
t(77) = 5.26, p < .001, 95% CI [0.95, 2.11], dz = 0.596.

Procedures

Trained experimenters proctored the administration of the
WM task to groups of up to ten participants, each at their
own PC laptop workstation. Testing occurred in a quiet room,
where participants sat approximately 57 cm from a PC laptop
display and performed the task, image ratings, and ques-
tionnaires. At the end of the test battery, participants viewed
a decompression condition with positively valenced images
to counterbalance any sustained effect of negative mood
induced by viewing the negative images. Each session
lasted approximately 2 hours and comprised the WM task,
as well as other behavioral tasks and questionnaires outside
the scope of the present study. All procedures were approved
by the Institutional Review Boards of the University of
Miami.

Analysis

The primary outcome measure of interest was WM accuracy
for each trial, as this aspect of performance was emphasized in
task instructions to participants. The focus onWM accuracy is
also in line with previous studies involving delayed-
recognitionWM tasks and examining accuracy as the primary

outcome (Dolcos et al., 2008; Dolcos & McCarthy, 2006; Jha
& Kiyonaga, 2010; Jha et al., 2017). The RT data (in millisec-
onds) were also analyzed for completeness. RT outliers were
assessed by examining standardized residuals of individual
means collapsed across trials for RT. RT trials more than four
standard deviations from the mean were considered outliers.
There was no significant difference between the results when
these outliers were excluded or retained; thus, the full dataset,
including outliers, was retained for all analyses.

We analyzed accuracy and RT using hierarchical linear
modeling (HLM; Woltman, Feldstain, MacKay, & Rocchi,
2012). HLM allowed us to model current and previous trial
demands simultaneously and to nest trial conditions within
each participant. Including both current and previous trial
demand types in the same model allowed for the indepen-
dent assessment of the effects of previous trial demands
while controlling for current trial demands. Each trial was
included as an observation in the analysis. The fixed ef-
fects of mnemonic load (low vs. high), affective interfer-
ence (neutral vs. negative), and their interaction were en-
tered as level-1 predictors nested within each participant.
Mnemonic load (0 = low, 1 = high) and affective interfer-
ence (0 = neutral, 1 = negative) were entered as dummy-
coded factor variables. To examine the effects of previous
trial demand on subsequent performance, variables
representing the mnemonic load (low vs. high) and affec-
tive interference (neutral vs. negative) of each prior trial
were created. Thus, mnemonic load and affective interfer-
ence were entered as current-trial variables in an initial
model (Model 1), and previous-trial variables were added
to the initial model while controlling for Model 1 (Model
2).

Trial accuracy was analyzed using hierarchical generalized
linear models (HGLM) with PROC GLIMMIX in SAS ver-
sion 9.4. We utilized a Bernoulli distribution for the binary
response variable (0 = incorrect, 1 = correct) and a logit link
function, with a random intercept for each subject. The link
function transformed the distributions of the predictors to fit
the dichotomous response distribution. Parameters were esti-
mated utilizing maximum likelihood estimation based on nu-
merical integration (adaptive quadrature). RT was analyzed
utilizing hierarchical linear modeling with PROC MIXED in
SAS version 9.4, in which RTwas a response variable with a
continuous distribution. Restricted estimation maximum like-
lihood was utilized to estimate a random intercept for each
subject and the fixed effects. Type III tests of fixed effects
are reported herein, alongside odds, parameter estimates, and
95% confidence intervals. For follow-up comparisons of sig-
nificant interactions, the significanceα threshold was adjusted
for multiple comparisons using the Bonferroni method (α =
.05/number of comparisons). For accuracy, effect sizes are
reported as estimated odds ratios (ORs). ORs are used because
of the dichotomous coding of accuracy for each trial (correct
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vs. incorrect). For RT, effect sizes were calculated as standard-
ized mean differences based on the observed means and re-
ported as Cohen’s dz (Lakens, 2013).

Nine participants were excluded from the analyses on the
basis of self-reported psychological diagnoses (depression
and/or anxiety) and/or use of psychotropic medications.
These conditions have been shown to influence performance
on tasks involving IAPS images (Grimm et al., 2009;
Hamilton & Gotlib, 2008; Shah, Klumpp, Angstadt, Nathan,
& Phan, 2009). Whereas, on average, the participants
responded to 86.15 trials (SD = 12.01), there were two partic-
ipants who responded to fewer than 1/3 of the task trials (24
and 15 trials out of 90 total trials) and were excluded. Thus, 78
participants were retained for the analyses (46 females, 32
males; M age = 19.37 years, SD = 1.79).

Results

Current-trial analyses

Accuracy The pseudo-intraclass correlation (ICC) was evalu-
ated on the null (intercept-only) model by approximating the
variance distribution. The null model examining subjects as
random intercepts (pseudo-ICC = .14) suggested that 14% of
the variability in task accuracy could be explained by
between-subjects differences. Thus, the majority (~ 86%) of
the variance in WM accuracy occurred within subjects, indi-
cating considerable fluctuations in WM performance over tri-
als. The observed means and standard deviations for accuracy
are shown in Table 1.

To examine the impact of current trial demands on accura-
cy, the first analysis (Model 1) included the fixed effects of
mnemonic load (low vs. high), affective interference (neutral
vs. negative distractors), and their interaction (see Table 2 for
the parameter estimates). We observed a significant main ef-
fect of current mnemonic load, F(1, 6939) = 106.73, p < .001;
a main effect of current affective interference, F(1, 6939) =
35.64, p < .001; and no significant interaction between load
and interference, F(1, 6939) = 1.48, p = .224 (Fig. 2a).
Specifically, low-load trials (odds = 16.72) were more than
twice as likely to be correct (OR = 2.40, p < .001, 95% CI

[2.03, 2.83]), when compared to high-load trials (odds = 6.97).
In other words, low-load trials had odds = 16.72, which refers
to the odds that any particular low-load trial will be correct
versus incorrect. Thus, roughly 16.7 trials were likely to be
correct for every one incorrect trial when the trial was low
load. High-load trials had odds = 6.97. Thus, roughly seven
high-load trials were likely to be correct for every one incor-
rect trial. The OR between these effects was equal to 2.40 (~
16.72/6.97), which indicates that the odds of a low-load trial
being correct were more than twice as likely as the odds of a
high-load trial being correct. For affective interference,
neutral-distractor trials (odds = 13.89) were almost twice as
likely to be correct (OR = 1.66, p < .001, 95%CI [1.40, 1.95]),
when compared to negative-distractor trials (odds = 8.39).

RT The null model examining within- and between-subjects
differences demonstrated that ICC = .19, suggesting that 19%
of the variance in RTs could be explained by between-subjects
differences. Similar to the results for accuracy, 81% of the
variance in RT could be attributed to within-subjects differ-
ences. The observed means and standard deviations for RTs
are shown in Table 1.

To examine the impact of current trial demands on RTs, the
first analysis (Model 1) included fixed effects of mnemonic
load (low vs. high), affective interference (neutral vs. negative
distractors), and their interaction (see Table 3 for the parameter
estimates). The RT results mirrored the accuracy results. We
observed a significant main effect of current mnemonic load,
F(1, 6939) = 369.74, p < .001; a main effect of current affec-
tive interference, F(1, 6939) = 45.86, p < .001; and no signif-
icant interaction between load and affective interference, F(1,
6939) = 1.96, p = .162 (Fig. 3a). Specifically, low-load trials
were significantly faster than high-load trials (β = – 139.30, p
< .001, dz = 0.78), and neutral-distractor trials were signifi-
cantly faster than negative-distractor trials (β = – 49.06, p <
.001, dz = 0.29).

Previous-trial analyses

Accuracy To examine the impact of the previous trial demands
on subsequent trial performance, we included the fixed effects

Table 1 Observed means and standard deviations for Experiments 1 and 2

Current Trial Previous Trial

Low-Neutral Low-Negative High- Neutral High- Negative Low-Neutral Low-Negative High-Neutral High-Negative

Experiment 1
Accuracy 94.11% (8.36) 91.58% (8.76) 88.46% (9.32) 81.35% (12.09) 84.17% (10.79) 89.46% (8.82) 89.86% (8.77) 91.33% (9.94)
RT 713.20 (149.98) 752.12 (156.11) 842.36 (170.36) 901.56 (196.97) 829.21 (171.66) 793.35 (162.47) 797.83 (159.34) 795.49 (172.32)

Experiment 2
Accuracy 95.93% (6.41) 92.79% (5.70) 90.10% (9.22) 81.28% (9.73) 85.92% (8.51) 91.13% (7.53) 89.93% (8.19) 92.92% (7.11)
RT 741.46 (145.28) 807.70 (161.67) 888.28 (150.47) 964.54 (177.80) 896.25 (176.85) 842.76 (160.67) 849.72 (145.68) 821.44 (152.01)

Observed means and standard deviations (in parentheses) are provided for accuracy and response time (RT) outcome variables.
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of previous mnemonic load and previous-trial affective inter-
ference, and the interaction between previous load and previ-
ous affective interference, in a second model (Model 2) along-
side the fixed effects fromModel 1. Consistent with Model 1,
we observed main effects of current load and affective inter-
ference. In addition, we observed a significant main effect of
previous mnemonic load, F(1, 6702) = 24.26, p < .001; a main
effect of previous affective interference, F(1, 6702) = 16.39, p
< .001; and a significant interaction between previous load
and previous interference, F(1, 6702) = 4.99, p = .026
(Table 2). For mnemonic load, trials preceded by high-load
trials (odds = 13.24) were more likely to be correct (OR =
1.50, p < .001, 95% CI [1.28, 1.76]) than trials preceded by
low-load trials (odds = 8.85). For affective interference, trials
preceded by negative-distractor trials (odds = 12.78) were
more likely to be correct (OR = 1.39, p < .001, 95% CI
[1.19, 1.64]) than trials preceded by neutral-distractor trials
(odds = 9.18) (Fig. 2b).

The significant interaction between previous mnemonic
load and previous affective interference was further exam-
ined through follow-up comparisons. Overall, these com-
parisons revealed that accuracy was higher on the three
previous-trial conditions with high demands (high load/
negative distractors, high load/neutral distractors, and
low load/negative distractors) than in the lowest-demand
condition (low load/neutral distractors). Specifically, trials
preceded by high-load/negative-distractor trials (odds =
14.27) were twice as likely to be correct (OR = 2.08, p
< .001, 95% CI [1.66, 2.62]) as trials preceded by low-
load/neutral-distractor trials (odds = 6.85). Similarly, trials
preceded by high-load/neutral-distractor trials (odds =

12.30) or low-load/negative-distractor trials (odds =
11.44) were almost twice as likely be correct (OR =
1.80, p < .001, 95% CI [1.45, 2.23], and OR = 1.67, p
< .001, 95% CI [1.35, 2.07], respectively) as low-load/
neutral-distractor trials (Fig. 2c). These three comparisons
survived Bonferroni correction (.05/6 comparisons, ps <
.008).

However, follow-up comparisons did not reveal signif-
icant differences between the three previous-trial condi-
tions with high demands (high load/negative distractors,
high load/neutral distractors, and low load/negative
distractors). Specifically, trials preceded by high-load/neu-
tral-distractor trials or low-load/negative-distractor trials
were no more likely to be correct (OR = 1.16, p = .224,
95% CI [0.91, 1.47] and OR = 1.25, p = .069, 95% CI
[0.98, 1.58], respectively) than were trials preceded by
high-load/negative-distractor trials. Furthermore, trials
preceded by high-load/neutral-distractor trials were no
more likely to be correct (OR = 1.08, p = .529, 95% CI
[0.86, 1.35]) than trials preceded by low-load/negative-
distractor trials. Taken together, these results suggest that
the benefits to accuracy from preceding high-load and
negative-distractor trials were no greater than the effect
of either demand type alone.

RT To examine the impact of previous trial demands on the
subsequent trial RT, we included the fixed effects of previous
mnemonic load, previous affective interference, and the inter-
action between previous load and affective interference, in a
second model (Model 2), alongside the fixed effects from
Model 1 (Table 3). The RT results were consistent with the

Table 2 Experiment 1 task accuracy

Model Effects Log-Odds (SE)

Model 1 Model 2

Fixed Effects

Intercept 3.017 (0.138)** 2.552 (0.149)**

Current Load – .772 (.129)** – .757 (.133)**

Current Interference – .402 (.136)** – .393 (.137)**

Previous Load – .586 (.110)**

Previous Interference – .514 (.109)**

Current Load × Current Interference – .206 (.169) – .216 (.172)

Previous Load × Previous Interference – – .365 (.164)*

Random Effects

Intercept Variance 0.561 0.547

Nobs 7,020 6,786

Fit Statistics

–2 Log-Likelihood 4,508.12 4,351.39

Maximum likelihood estimates are reported as log-odds, and standard errors are reported in parentheses. Low-load/neutral-distractor trials served as the
reference condition. Nobs = number of observations. Significant effects are indicated by asterisks: * p < .05, ** p < .01.
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accuracy results. Consistent with Model 1, we observed main
effects of current load and affective interference. In addition,
we observed a significant main effect of previous mnemonic
load, F(1, 6702) = 4.88, p = .027; a main effect of previous
affective interference, F(1, 6702) = 4.05, p = .044; and a
significant interaction between previous load and previous
affective interference, F(1, 6702) = 6.58, p = .010.
Specifically, trials preceded by high-load trials were signifi-
cantly faster than trials preceded by low-load trials (β = –
16.38, p = .027, dz = 0.09), and trials preceded by negative-
distractor trials were significantly faster than those preceded
by neutral-distractor trials (β = – 14.92, p = .044, dz = 0.14)
(Fig. 3b).

The significant interaction revealed that RTs were faster on
all three previous-trial conditions with high demands (high

load/negative distractors, high load/neutral distractors, and
low load/negative distractors) than on the lowest-demand con-
dition (low load/neutral distractors), and RTs did not differ
significantly between the three previous-trial conditions with
high demands. Specifically, trials preceded by high-load/neg-
ative-distractor trials (β = – 31.30, p = .004, dz = 0.19), high-
load/neutral-distractor trials (β = – 35.38, p < .001, dz = 0.16),
and low-load/negative-distractor trials (β = – 33.93, p = .001,
dz = 0.20) all had significantly faster RTs than trials preceded
by low-load/neutral-distractor trials. These three comparisons
survived Bonferroni correction (six comparisons, ps < .008).

However, trials preceded by high-load/negative-distractor
trials did not demonstrate significantly different RTs than trials
preceded by high-load/neutral-distractor trials (β = 4.08, p =
.695) or trials preceded by low-load/negative-distractor trials
(β = 2.63, p = .801). Furthermore, trials preceded by high-
load/neutral-distractor trials did not demonstrate significant
different RTs than trials preceded by low-load/negative-
distractor trials (β = – 1.45, p = .801) (Fig. 3c).

Discussion

Consistent with previously reported findings, higher (vs.
lower) levels of current-trial task demands reduced
current-trial performance (Dolcos et al., 2008; Dolcos &
McCarthy, 2006; Jha et al., 2017) but enhanced perfor-
mance on subsequent trials. Specifically, high mnemonic
load (as compared to low mnemonic load) and negative
distractors (as compared to neutral distractors) resulted in
enhanced performance on the subsequent trial. A signifi-
cant interaction between previous mnemonic load and
previous affective interference was observed. Trials pre-
ceded by trials with both low load and neutral distractors
had lower performance than those preceded by trials with
high load and/or negative distractors. Overall, our results
demonstrate that both cognitive and affective demands
can upregulate cognitive control resources to benefit sub-
sequent performance in a WM task.

Experiment 2

The results of Experiment 1 replicated the results of Jha
and Kiyonaga (2010) regarding performance benefits as a
function of previous trials with high versus low mnemon-
ic load. In addition, as per the predictions of prior studies
in which negative affect had been found to upregulate
cognitive control (e.g., Dreisbach & Fischer, 2012a), per-
formance benefits of previous trials with negative versus
neutral interference were also observed. To support the
validity of these findings, a replication study pre-
registered within the Open Science Framework (https://
osf.io/v8nm5/) was conducted.
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Fig. 2 Effects of current and previous trial demands on accuracy for
Experiment 1. The observed data are plotted as mean percentages
correct for all trials, collapsed across individuals. (a) Current-trial main
effects of mnemonic load (low, high) and affective interference (neutral,
negative). (b) Previous-trial main effects of mnemonic load (low, high)
and affective interference (neutral, negative). (c) Previous-trial demand
effects on current-trial accuracy. Hierarchical linear modeling analyses
yielded odds ratios (ORs), which are indicated with asterisks where sig-
nificant. **p < .01

https://osf.io/v8nm5/
https://osf.io/v8nm5/


Method

Participants

One-hundred healthy young adults were recruited from the
University of Miami community (79 females, 21 males; M
age = 20.25 years, SD = 1.72), who received course credit or
monetary compensation for their participation. Informed con-
sent was obtained in accordance with the Institutional Review
Boards of the University of Miami.

Experimental stimuli and design

WM task with affective distractors Participants completed the
same WM task that we described in Experiment 1 (see Fig. 1
for a schematic of the progression of each trial of the WM
task).

Image rating After completing the WM task, participants
were asked to rate the arousal and valence of the images as
described in Experiment 1. Neutral distractors (M = 5.38,
SD = 0.59) were rated as being less negative than negative
distractors (M = 2.21, SD = 0.62), t(75) = – 34.42, p <
.001, 95% CI [– 3.35, – 2.98], dz = 3.95. Additionally,
neutral distractors (M = 2.20, SD = 1.34) were also rated
as being less arousing than negative distractors (M = 4.11,
SD = 2.07), t(75) = 7.50, p < .001, 95% CI [1.41, 2.42], dz
= 0.861.

Procedures

All procedures were identical to those described in
Experiment 1, with the exception that the study session lasted
approximately 1 hour and comprised only theWM task, along
with questionnaires outside the scope of the present study. All
procedures were approved by the Institutional Review Boards
of the University of Miami.

Analysis

Analyses methods replicated those described in Experiment 1.
The primary outcome measure of interest was accuracy for
each trial (i.e., correct vs. incorrect), but response time data
(RT, in milliseconds) were also analyzed for completeness. RT
outliers were assessed by examining standardized residuals of
individual means collapsed across trials for RT, and RT trials
more than four standard deviations from the mean were con-
sidered outliers. No trials met the exclusion criteria and, thus,
the full dataset was retained for all analyses. Twenty-four par-
ticipants were excluded from analyses on the basis of self-
reported psychological diagnoses (depression and/or anxiety)
and/or use of psychotropic medications. All remaining partic-
ipants responded to more than 1/3 of the task trials and thus
were retained for the analyses. After exclusions, the data from
76 participants were analyzed (60 females, 16 males;M age =
20.29 years, SD = 1.90).

We analyzed the dependent measures using HLM
(Woltman et al., 2012), in which each trial was included as

Table 3 Experiment 1 task response time (RT)

Model Effects Parameter Estimates (SE)

Model 1 Model 2

Fixed Effects

Intercept 713.20 (18.84)** 737.21 (20.12)**

Current Load 129.16 (10.25)** 136.48 (10.66)**

Current Interference 38.92 (10.25)** 41.16 (10.42)**

Previous Load – – 35.38 (10.55)**

Previous Interference – – 33.93 (10.55)**

Current Load × Current Interference 20.28 (14.49) 12.73 (14.81)

Previous Load × Previous Interference – 38.01 (14.82)*

Random Effects

Intercept Variance 23,492 23,656

Residual Variance 92,060 92,802

Nobs 7,020 6,786

Fit Statistics

–2 Log-Likelihood 100,379.3 97,070.3

Maximum likelihood estimates are reported, and standard errors are reported in parentheses. Low-load/neutral-distractor trials served as the reference
condition. Nobs = number of observations. Significant effects are indicated by asterisks: * p < .05, ** p < .01.
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an observation in the analysis. We analyzed fixed effects of
current mnemonic load (low vs. high), current affective inter-
ference (neutral vs. negative), the interaction between current
mnemonic load and current affective interference, previous
mnemonic load (low vs. high), previous affective interference
(neutral vs. negative), and the interaction between previous
mnemonic load and previous affective interference as level-1
predictors nested within each participant.

Results

Accuracy

The null model examining subjects as random intercepts
(pseudo-ICC = .08) suggested that 8% of the variability in
task accuracy could be explained by between-subjects

differences. Thus, the preponderance (~ 92%) of the variance
in WM accuracy occurred within subjects. The observed
means and standard deviations for accuracy are shown in
Table 1.

To examine the impact of current and previous trial de-
mands on accuracy, we included the fixed effects of current
mnemonic load, current affective interference, and their inter-
action, as well as previous mnemonic load, previous affective
interference, and their interaction. We observed a significant
main effect of current mnemonic load, F(1, 6530) = 111.33, p
< .001; a main effect of current affective interference, F(1,
6530) = 56.02, p < .001; and no significant interaction be-
tween load and affective interference, F(1, 6530) = 1.40, p =
.236 (see Table 4 for the parameter estimates). Specifically,
low-load trials (odds = 20.17) were more than twice as likely
to be correct (OR = 2.75, p < .001, 95% CI [2.28, 3.31]) as
high-load trials (odds = 7.35). Furthermore, neutral-distractor
trials (odds = 17.42) were twice as likely to be correct (OR =
2.05, p < .001, 95% CI [1.70, 2.47]) as negative-distractor
trials (odds = 8.51) (Fig. 4a).

We observed a significant main effect of previous mne-
monic load, F(1, 6530) = 15.37, p < .001; a main effect of
previous affective interference, F(1, 6530) = 28.42, p < .001;
and no significant interaction between previous load and pre-
vious affective interference, F(1, 6530) = 1.33, p = .249.
Specifically, trials preceded by high-load trials (odds =
14.44) were more likely to be correct (OR = 1.41, p < .001,
95% CI [1.19, 1.67]) than trials preceded by low-load trials
(odds = 10.26). In addition, trials preceded by negative-
distractor trials (odds = 15.36) were more likely to be correct
(OR = 1.59, p < .001, 95% CI [1.34, 1.89]) than trials preced-
ed by neutral-distractor trials (odds = 9.65) (Fig. 4b).

Although the interaction between previous load and affec-
tive interference was not statistically significant, we observed
similar patterns of means and ORs for the previous-trial con-
ditions in both experiments (see Table 1). Thus, we conducted
the same follow-up comparisons reported in Experiment 1 to
better understandwhich previous-trial conditions were driving
the presence or absence of significant condition differences.

Similar to Experiment 1, the results demonstrated that the
current-trial accuracy was higher on all three previous-trial
conditions with high demands (high load/negative distractors,
high load/neutral distractors, and low load/negative
distractors) than in the lowest-demand condition (low load/
neutral distractors). Specifically, trials preceded by high-
load/negative-distractor trials (odds = 17.33) were more than
twice as likely to be correct (OR = 2.24, p < .001, 95% CI
[1.75, 2.87]) as trials preceded by low-load/neutral-distractor
trials (odds = 7.74). In addition, trials preceded by high-load/
neutral-distractor trials (odds = 12.04) or low-load/negative-
distractor trials (odds = 13.61) were more likely to be correct
(OR = 1.56, p < .001, 95%CI [1.25, 1.94], and OR = 1.76, p <
.001, 95% CI [1.40, 2.21], respectively) than trials preceded
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Fig. 3 Effects of current and previous trial demands on response time
(RT) for Experiment 1. The observed data are plotted as mean RTs for all
trials, collapsed across individuals. (a) Current-trial main effects of mne-
monic load (low, high) and affective interference (neutral, negative). (b)
Previous-trial main effects of mnemonic load (low, high) and affective
interference (neutral, negative). (c) Previous-trial demand effects on
current-trial RTs. *p < .05, **p < .01



by low-load/neutral-distractor trials. These three comparisons
survived Bonferroni correction (six comparisons, ps < .008).

Also similar to Experiment 1, trials preceded by high-load/
negative-distractor trials were no more likely to be correct
(OR = 1.27, p = .069, 95% CI [0.98, 1.65]) than trials preced-
ed by low-load/negative-distractor trials. Furthermore, trials
preceded by high-load/neutral-distractor trials were no more
likely to be correct (OR = 0.884, p = .304, 95% CI [0.70,
1.12]) than trials preceded by low-load/negative-distractor tri-
als. However, unlike in Experiment 1, trials preceded by high-
load/negative-distractor trials were significantly more likely to
be correct (OR = 1.44, p = .005, 95% CI [1.12, 1.86]) than
trials preceded by high-load/neutral-distractor trials, and this
comparison survived Bonferroni correction. Overall, the re-
sults of both experiments suggest that trials were more likely
to be correct when they were preceded by high-demand trials
than when preceded by low-load/neutral-distractor trials (see
Fig. 4c).

RT

The null model examining within- and between-subjects dif-
ferences demonstrated an ICC = .18, suggesting that 18% of
the variance in RT could be explained by between-subjects
differences. Thus, the majority (82%) of the variance in RTs
could be attributed to within-subjects differences. The ob-
served means and standard deviations for RTs are shown in
Table 1.

To examine the impact of current and previous trial de-
mands on RTs, we included the fixed effects of current

mnemonic load, current affective interference, and their inter-
action, as well as previous mnemonic load, previous affective
interference, and their interaction. We observed a significant
main effect of current mnemonic load, F(1, 6530) = 434.25 p
< .001; a main effect of current affective interference, F(1,
6530) = 93.60, p < .001; and no significant interaction be-
tween load and affective interference, F(1, 6530) = 0.33, p =
.565 (see Table 4 for the parameter estimates). Specifically,
low-load trials were significantly faster than high-load trials (β
= – 151.43, p < .001, dz = 0.96), and neutral-distractor trials
were significantly faster than negative-distractor trials (β = –
70.26, p < .001, dz = 0.41) (Fig. 5a).

We also observed a significant main effect of previous-trial
mnemonic load, F(1, 6530) = 24.64, p = .027; a main effect of
previous affective interference, F(1, 6530) = 25.41, p = .044;
and a significant interaction between previous load and previ-
ous affective interference, F(1, 6530) = 4.34, p = .037.
Specifically, trials preceded by high-load trials were signifi-
cantly faster than trials preceded by low-load trials (β = –
36.11, p < .001, dz = 0.21), and trials preceded by negative-
distractor trials were significantly faster than those preceded
by neutral-distractor trials (β = – 36.67, p < .001, dz = 0.29)
(Fig. 5b).

Similar to Experiment 1, the significant interaction re-
vealed that RTs were faster in all three previous-trial con-
ditions with high demands (high load/negative distractors,
high load/neutral distractors, and low load/negative
distractors) than in the lowest-demand condition (low
load/neutral distractors). Specifically, trials preceded by
high-load/negative-distractor trials (β = – 72.78, p <

Table 4 Experiment 2 task accuracy (ACC) and response time (RT)

Model Effects ACC RT
Log-Odds (SE) Parameter Estimates (SE)

Fixed Effects

Intercept 2.852 (0.156)** 787.49 (19.47)**

Current Load – .897 (.153)** 147.25 (10.45)**

Current Interference – .603 (.157)** 66.09 (10.22)**

Previous Load .442 (.113)** – 51.26 (10.35)**

Previous Interference .565 (.116)** – 51.82 (10.35)**

Current Load × Current Interference – .226 (.191) 8.36 (14.53)

Previous Load × Previous Interference – .201 (.174) 30.30 (14.54)*

Random Effects

Intercept Variance 0.316 21,367

Residual Variance – 87,040

Nobs 6,612 6,612

Fit Statistics

–2 Log-Likelihood 3,945.42 94,153.8

For accuracy, maximum likelihood estimates are reported as log-odds, and standard errors are reported in parentheses. For RTs, maximum likelihood
estimates are reported, and standard errors are reported in parentheses. Low-load/neutral-distractor trials served as the reference condition.Nobs = number
of observations. Significant effects are indicated by asterisks: * p < .05, ** p < .01.
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.001, dz = 0.38), high-load/neutral-distractor trials (β =
51.26, p < .001, dz = 0.26), and low-load/negative-
distractor trials (β = 51.82, p < .001, dz = 0.28) had sig-
nificantly faster RTs than trials preceded by low-load/neu-
tral-distractor trials, and these three comparisons survived
Bonferroni correction (six comparisons, ps < .008).

Trials preceded by high-load/negative-distractor trials did
not demonstrate significantly different RTs than trials preced-
ed by high-load/neutral-distractor trials (β = – 21.52, p = .035,
dz = 0.18) or trials preceded by low-load/negative-distractor
trials (β = – 20.96, p = .040, dz = 0.11), as these comparisons
did not survive Bonferroni correction (six comparisons, ps <
.008). Furthermore, trials preceded by high-load/neutral-

distractor trials did not demonstrate significantly different
RTs than trials preceded by low-load/negative-distractor trials
(β = 0.56, p = .956) (Fig. 5c).

Combined analyses across Experiments 1 and 2

We formally examined whether current-trial and previous-trial
effects were different between the experiments by adding a
fixed factor of experiment (Exp. 1, Exp. 2) to the HLMmodel.
To do so, we combined the data from both experiments and
added the interactions between experiment, current load, and
current affective interference, as well as the interactions be-
tween experiment, previous load, and previous affective inter-
ference, to our model.
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Fig. 4 Effects of current and previous trial demands on accuracy for
Experiment 2. The observed data are plotted as mean percentages
correct for all trials, collapsed across individuals. (a) Current-trial main
effects of mnemonic load (low, high) and affective interference (neutral,
negative). (b) Previous-trial main effects of mnemonic load (low, high)
and affective interference (neutral, negative). (c) Previous-trial demands
(low load/neutral distractor, low load/negative distractor, high load/
neutral distractor, high load/negative distractor) on current-trial accuracy.
Hierarchical linear modeling analyses yielded odds ratios (ORs), which
are indicated with asterisks where significant. **p < .01

Fig. 5 Effects of current and previous trial demands on response time
(RT) for Experiment 2. The observed data are plotted as mean RTs for all
trials, collapsed across individuals. (a) Current-trial main effects of mne-
monic load (low, high) and affective interference (neutral, negative). (b)
Previous-trial main effects of mnemonic load (low, high) and affective
interference (neutral, negative). (c) Previous-trial demands (low load/
neutral distractor, low load/negative distractor, high load/neutral
distractor, high load/negative distractor) on current-trial RTs. **p < .01



Accuracy The results of the combined dataset demonstrated
the expected main effects of current load, F(1, 13232) =
212.11, p < .001, and current affective interference, F(1,
13232) = 89.65, p < .001, as well as the nonsignificant inter-
action between current load and affective interference, F(1,
13232) = 2.98, p = .085. However, we did not observe any
significant interactions between experiment and current load,
F(1, 13232) = 1.42, p = .234; current affective interference,
F(1, 13232) = 2.94, p = .086; or current load by current affec-
tive interference, F(1, 13232) = 0.01, p = .954.

We also observed the expected main effects of previous
load, F(1, 13232) = 38.79, p < .001, and previous affective
interference, F(1, 13232) = 44.39, p < .001. In addition, we
observed a significant interaction between previous load and
previous affective interference, F(1, 13232) = 5.59, p = .018.
Yet, we did not observe any significant interactions between
experiment and previous load, F(1, 13232) = 0.24, p = .628;
previous affective interference, F(1, 13232) = 1.33, p = .250;
or previous load by previous affective interference, F(1,
13232) = 0.46, p = .499.

RT The results of the combined dataset demonstrated the ex-
pected main effects of current load, F(1, 13232) = 803.64, p <
.001, and current affective interference, F(1, 13232) = 128.90,
p < .001, as well as the nonsignificant interaction between
current load and affective interference, F(1, 13232) = 1.03, p
= .310. We did not observe any significant interactions be-
tween experiment and current load, F(1, 13232) = 0.68, p =
.408, or current load by current affective interference, F(1,
13232) = 0.04, p = .833, but we did find a significant interac-
tion between experiment and current affective interference,
F(1, 13232) = 4.80, p = .028. However, RTs on neutral-
distractor trials did not differ between experiments (β =
36.86, p = .145), and RTs on negative-distractor trials also
did not differ between experiments (β = 59.60, p = .018) after
correcting for multiple comparisons (four comparisons, α =
.013).

We also observed the expected main effects of previous
load, F(1, 13232) = 25.51, p < .001, and previous affective
interference, F(1, 13232) = 24.65, p < .001, as well as the
interaction between previous load and previous affective
interference, F(1, 13232) = 10.81, p = .001. We did not
observe any significant interactions between experiment
and previous load, F(1, 13232) = 3.61, p = .058, or previ-
ous load by previous affective interference, F(1, 13232) =
0.14, p = .711, but we did find a significant interaction
between experiment and previous affective interference,
F(1, 13232) = 4.38, p = .036. However, RTs on negative-
distractor trials did not differ between experiments (β =
37.36, p = .139), and RTs on neutral-distractor trials also
did not differ between experiments (β = 59.10, p = .020)
after correcting for multiple comparisons (four compari-
sons, α = .013).

Discussion

The results of the replication (Exp. 2) are largely consistent
with Experiment 1. As expected, highmnemonic load (vs. low
mnemonic load), and negative-distractor trials (vs. neutral
distractors) resulted in lower current-trial WM performance.
Moreover, high mnemonic load (vs. low mnemonic load), and
negative-distractor trials (vs. neutral distractors) resulted in
enhanced performance on the subsequent trial. In
Experiment 2, we did not observe a significant interaction
between previous mnemonic load and previous affective in-
terference for accuracy, but this interaction was significant for
RTs. Follow-up analyses of accuracy and RT demonstrated
that the differences between the effects of current and previous
trial demands were comparable between experiments.

General Discussion

Across two experiments we investigated if dynamic adjust-
ments in cognitive control were triggered by the manipulation
of task demands related to mnemonic load and affective inter-
ference within a delayed-recognition WM task. The findings
revealed that greater task demands enhanced performance on
subsequent trials. Overall, these results demonstrated a repli-
cation of a prior study regarding the upregulation of cognitive
control as a function of mnemonic demands (Jha & Kiyonaga,
2010), and extended findings over two experiments to include
upregulation as a function of affective interference during
WM task performance.

It has been widely established that as greater demands are
placed on WM, current-trial performance is reduced. Yet, ev-
idence of the performance costs associated with greater mne-
monic load and affective interference stem mainly from sepa-
rate lines of research. WM performance has been shown to
vary inversely with mnemonic load, such that performance
decreases as load increases (Jha & Kiyonaga, 2010; Jha &
McCarthy, 2000). Studies involving affective distraction in
delayed-recognition WM tasks have also demonstrated that
negative distraction leads to reduced task accuracy (Dolcos
& McCarthy, 2006). In the present experiments, we manipu-
lated both mnemonic load and affective distraction within the
same task, demonstrating the performance impairments in tri-
als with both high load and negative distractors. These find-
ings are consistent with a previous study utilizing the same
task in a military cohort (Jha et al., 2017).

The presence of dynamic adjustments triggered by mne-
monic load are consistent with previous studies that have
found sequential trial performance benefits with higher cogni-
tive demands, including high versus low task difficulty
(Fischer et al., 2008) and high versus low perceptual fluency
(Dreisbach & Fischer, 2011). Taken together, there is increas-
ing support for the notion that increased cognitive task
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demands drive dynamic adjustments in cognitive control to
facilitate subsequent-trial performance. The high (vs. low)
mnemonic load condition, herein, increased current-trial task
difficulty. As such, upregulation of cognitive control may
have occurred to meet higher cognitive demands. Indeed, the
findings that high versus low mnemonic load resulted in
subsequent-trial performance benefits over two experiments,
herein, replicate the prior findings by Jha and Kiyonaga
(2010). Together, these results strengthen the claim that cog-
nitive control is dynamically upregulated in the service of
maintaining task performance in the presence of increasing
task demands.

The present experiments further extend the findings from
the Jha and Kiyonaga (2010) study by demonstrating that in
addition to cognitive interference, affective interference can
also lead to dynamic adjustments. Whereas negative affect
has been previously shown to upregulate cognitive control in
the context of response conflict tasks (Zeng et al., 2017), the
present experiments demonstrated that negative affective in-
terference in the context of a WM task similarly resulted in
subsequent-trial performance improvements. One explanation
of these findings is that emotion regulation processes lead to
the resolution of negative affective interference by upregulat-
ing cognitive resources, perhaps in the service of emotion
regulation, to consequently benefit performance. Indeed, pre-
vious studies have shown that emotion regulation strategies
activate brain regions implicated in the upregulation of cogni-
tive control (Ochsner & Gross, 2005, 2014). Furthermore,
recent findings suggest that response conflict trials employing
negative stimuli upregulate cognitive control processes to sup-
press the processing of task-irrelevant negative stimuli on the
subsequent trial, thereby facilitating performance
(Steinhauser, Flaisch, Meinzer, & Schupp, 2016). As such,
participants viewing negatively valenced distractors may en-
gage in emotion regulation strategies to increase the availabil-
ity of cognitive resources. This upregulation of resources may
facilitate the suppression of task-irrelevant affective process-
ing in subsequent moments, and thus enhance performance on
the following trial.

Broadly, the main findings of the present experiments
using affective interference are consistent with those of Jha
and Kiyonaga (2010) using cognitive interference. That is,
high demands of either mnemonic load or interference
were effective in upregulating cognitive control resources
to benefit performance on the subsequent trial. In addition,
both experiments demonstrated a similar pattern of results
as evidenced by comparison of observed means, ORs, and
the magnitude of previous-trial effects. Although the pres-
ence of a significant interaction for accuracy between
previous-trial load and interference varied between exper-
iments, the overall pattern of performance appears to be
relatively consistent in both experiments (cf. Figs. 2 and
4), as well as Jha and Kiyonaga (2010).

One potential explanation for the significant interaction
observed in Experiment 1 could be related to the high accura-
cy on trials following the hardest condition (high load/
negative distractors) precluding further improvements.
Indeed, the accuracy on trials preceded by high-load and
negative-distractor trials (see Table 1) was high (~ 91% in
Exp. 1, and ~ 93% in Exp. 2). Future studies should employ
more difficult trial conditions (e.g., high mnemonic load with
three items instead of two) to evaluate this possibility.

It is critical to acknowledge the possibility that subsequent
performance benefits may not necessarily reflect the upregu-
lation of cognitive control processes (see Egner, 2008).
Alternative accounts, including repetition-priming or feature-
binding accounts (Hommel et al., 2004; Mayr, Awh, &
Laurey, 2003), suggest that facilitated performance following
high-demand trials may occur due to the formation of episodic
memories of conflicting stimuli. For example, a high-demand
trial may create a memory representation specific to the pre-
sentation of the task-relevant and task-irrelevant stimuli.
Subsequent presentations of the same stimulus associations
activate the memory features, which, in turn, facilitates per-
formance. Another account, the repetition expectancy ac-
count, suggests that upregulation of attentional resources is
not in the service of resolving conflict, but instead on con-
scious expectancies regarding the nature of the subsequent
trial (Egner, 2008; Gratton et al., 1992). For example, two
consecutive presentations of high-load/negative-distractor tri-
als may result in sequential performance benefits due to acti-
vation of memory representations just encountered, or due to
expectations that a subsequent trial will be of the same type as
the previous trial.

However, our results are not wholly consistent with either
of these accounts. The repetition-priming account cannot ex-
plain our results, because stimuli (memory items or
distractors) were randomized across trials, and no stimulus
was repeated except for the test items on match trials. In ad-
dition, the use of two stimulus categories (e.g., faces and
shoes) reduced the chances of repetition priming due to serial
presentation of stimuli from one category. Furthermore, the
repetition expectancy account cannot explain the observed
effects, as trials were pseudo-randomized to avoid consecutive
presentations of the same trial type. Thus, our findings cannot
be explained by either repetition priming or expectancy effects
alone.

Although this has been the first study to investigate dynam-
ic adjustments in response to both mnemonic load and affec-
tive interference in a delayed-recognition WM task, the pres-
ent experiments are not without limitations. The focus herein
was specifically on negative interference without examining
the impact of positive affective interference. The decision to
focus on negative distractors was based on the extant literature
on conflict adaptation, suggesting that conflict might serve as
a precursor to negative affect and hence might lead to dynamic
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adjustments in cognitive control (see Egner, 2007; Gratton
et al., 1992; Hommel et al., 2004; Kerns et al., 2004;
Stürmer et al., 2002; Ullsperger et al., 2005; Verbruggen
et al., 2006). Indeed, several conflict adaptation studies have
investigated negative affect (Dignath et al., 2017; Padmala
et al., 2011; van Steenbergen et al., 2009; Zeng et al., 2017).
In contrast, fewer studies have examined the impact of posi-
tive affect on conflict adaptation, and in the few that have, the
results suggest that positive affect might attenuate conflict
adaptation (see Dreisbach & Fischer, 2012a). Similarly, posi-
tive distractors presented during the maintenance interval in a
delayed-recognition WM task may have a reduced effect on
current-trial WM performance when compared to negative
distractors (Iordan & Dolcos, 2017). As such, attenuated dy-
namic adjustments might be more likely if positive distractors
were used. Another potential limitation concerns the mean
arousal rating for negative images, which was lower than the
normative ratings reported by Lang, Bradley, and Cuthbert
(2008). It is possible that our reported effects would not gen-
eralize to negative images that were higher in arousal. Future
studies should investigate dynamic adjustments inWM across
a wider range of affective stimuli varying from positive to
negative valence.

The findings of our two experiments suggest that high de-
mands, including mnemonic load and affective interference,
trigger the upregulation of cognitive control resources to fa-
cilitate subsequent-trial performance. Future studies should
increase the number of trials in order to better examine the
effects of previous trial demands as a function of current trial
demands. Overall, the present findings highlight the ability for
multiple aspects of demand to upregulate the availability of
resources in the service of adapting to challenging and unpre-
dictable situations.
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