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The present study investigated the impact of task-irrelevant emotional images on the retention of 
information in spatial working memory (WM). Two experiments employed a delayed matching-
to-sample task where participants had to maintain the locations of four briefly presented squares. 
After a short retention interval, a probe item appeared and participants were required to indicate 
whether the probe position matched one of the previously occupied square positions. During the 
retention interval, task-irrelevant negative, positive, or neutral emotional pictures were presented. 
The results revealed a dissociation between negative and positive affect on the participants’ ability 
to hold spatial locations in WM. While negative affective pictures reduced WM capacity, positive 
pictures increased WM capacity relative to the neutral images. Moreover, the specific valence and 
arousal of a given emotional picture was also related to WM performance: While higher valence 
enhanced WM capacity, higher levels of arousal in turn reduced WM capacity. Together, our findings 
suggest that emotions up- or down-regulate attention to items in WM and thus modulate the short-
term storage of visual information in memory. 
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INTRODUCTION

Emotions influence a variety of cognitive functions including atten-

tion (Vuilleumier, 2005), cognitive control (Storbeck & Watson, 2014; 

Zinchenko et al., 2015), or long-term memory (Seli et al., 2016; Tyng 

et al., 2017; Zinchenko et al., 2020a). However, the role of affective 

information during the short-term retention of information in work-

ing memory (WM) is still a matter of debate. While there are many 

studies that show a link between emotional processes and WM, these 

studies often reveal contradictory findings concerning the facilitatory 

versus inhibitory effects that emotions play on WM functioning (see, 

Schweizer et al., 2019, for a recent meta-analysis; Ribeiro et al., 2019, 

for a review). 

It has been suggested that negative emotions impair spatial but not 

verbal WM in change-detection tasks (Li et al., 2006; Li et al., 2010; for 

the link between negative emotions and spatial working memory see 

Storbeck & Watson, 2014). In contrast, a significant number of other 

studies did not find any performance detriments arising from negative 

emotions, but instead reported that negative emotions actually facilitate 

WM. For instance, Xie and Zhang (2016) presented emotional images 

prior to a continuous report task that required observers to memorize 

the color features of a given set of objects. They found that relative to 

positive and neutral images, negative images lead to more accurate 

WM representations (see also Öhman et al., 2001 or Spachtholz et al., 
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2014 for comparable findings). However, Xie and Zhang did not find 

similar effect of negative affective material on WM capacity, that is, 

an emotion-dependent variation in the number of items that can be 

retained in WM. Overall, these findings reveal contradictory outcomes 

on the role of negative emotions on WM representations. While some 

studies showed emotion-related improvements in WM performance, 

others showed no effects at all, and other reported emotion-related 

costs on WM functioning. These overall rather inconsistent results 

may partly be due to potential confounding factors, such as differences 

in the arousal versus valence of a given emotional stimulus, the type 

of WM process investigated (e.g., related to the retention of verbal vs. 

visuospatial material), or the specific stimulus that is to be memorized 

(e.g., colors vs. locations of objects; Olivers et al., 2006).  

Yet another central feature that might potentially lead to confounds 

in the above-mentioned studies relates to the fact that the emotional 

pictures were usually presented prior to the WM task, making it dif-

ficult to identify the specific stage or process affected by the emotions 

(Lavric et al., 2003). Working memory may involve at least three 

separate processes: encoding, retention, and retrieval of information. 

Each of these processes could in principle be influenced by emotional 

content. Affective images presented prior to the task may influence all 

three WM stages, precluding the specific stage and associated facilita-

tory or inhibitory mechanisms that are affected by the emotions. For 

instance, negative emotional stimuli are important environmental in-

puts (e.g., for the organisms’ survival and adaptation), and thus greatly 

attract attention. Because of this, the encoding of items in WM (which 

is a prerequisite for appropriate, i.e., goal-directed, actions) may be 

facilitated by negative affective states. As a result, the capacity of WM 

for “emotionally-charged” items may increase during the experience 

of negative affective states (e.g., Spachtholz et al., 2014). However, due 

to their high attention-grabbing power, negative stimuli may also di-

vert (executive) attention from the currently ongoing (WM) task. As 

a result, less attentional resources would be available for solving the 

(WM) task at hand, leading to performance detriments in terms of 

poorer memory performance (see also Plancher et al., 2019, for a re-

cent demonstration). Thus, when presenting emotional pictures before 

the to-be-memorized display, the resulting WM performance would 

always reflect a mixture of facilitatory and inhibitory effects arising 

from negative emotions on WM encoding versus retrieval. Therefore, 

the present study attempted to control the influence of emotions on 

WM performance by presenting the emotional images during the re-

tention period. Such a design allowed to examine whether any affective 

modulation of WM performance could specifically be associated with 

the maintenance of information in WM, while at the same time exclud-

ing (or minimizing) encoding or retrieval-related influences. An even 

more fundamental question that could affect the modulation of WM 

functions by emotions concerns the differences in the overall arousal 

and/or valence between negative and neutral (control) stimuli. The 

relative influences of valence and arousal could, for instance, be tested 

by the addition of a third condition with positive emotional pictures. 

This would enable to compare WM performance across qualitatively 

(and, in terms of arousal levels, quantitatively) different emotional 

(negative and positive) and neutral pictures. This was the approach 

taken in the present study. 

More specifically, we systematically tested any modulatory effects 

arising from both positive and negative emotional content on WM 

processing. To this end, we investigated the role emotions play particu-

larly during the retention of spatial information in WM. That is, rather 

than investigating potential effects of emotions during the encoding of 

information in WM (or its retrieval), we tested emotion effects after the 

offset of the memory display during the retention period. Participants 

were presented with a memory display of four mono-colored items 

followed by a delay period in which task-irrelevant images (negative 

and neutral in Experiment 1A; positive and neutral in Experiment 

1B) were shown. After the delay period, a probe item was presented 

and participants had to indicate whether the probe matched one of the 

sample items or not. 

Based on the studies reviewed above, negative emotions could 

either hamper or facilitate WM retention. In the present study, a 

disadvantageous emotion effect could be observed because both the 

processing of negative information and the retention of information in 

WM require and compete for selective attention and thus hinder the 

ability to control or represent relevant WM contents (Vogel et al., 2005; 

Plancher et al., 2019; Mather et al., 2006; Garrison & Schmeichel, 2019). 

In contrast, the high behavioral relevance signaled by negative emo-

tional stimuli may also activate higher levels of cognitive control or ex-

ecutive attention. This hypothesis is based on recent work showing that 

task-irrelevant emotions can enhance attentional control and facilitate 

performance in a variety of cognitive control tasks, such as the Stroop, 

flanker, or Simon tasks (e.g., Zinchenko et al., 2017b; for a review, see, 

e.g., Zinchenko et al., 2020b). If negative emotions increase executive 

control and thus spare WM capacity storage, then one would expect 

to find increased number of items stored in WM (e.g., as measured by 

means of the K capacity estimate; Pashler, 1988). Positive emotions, 

by contrast, may induce a relatively relaxed, nonattentive (Zinchenko 

et al., 2020a) or a more flexible mode of processing (Zinchenko et al., 

2017a), so that positive images may divert participants’ selective atten-

tion to a lesser extent, if at all, from the WM task. A related account 

would assume that the positive images may leave attentional resources 

almost unaffected (since these images are biologically less relevant; 

Sakaki et al., 2012), so that WM capacity should be uninfluenced by 

the positive or neutral emotional content. However, positive emotions 

may also yield facilitatory effects (Storbeck & Maswood, 2016; Yang et 

al., 2013). For instance, positive emotions are often claimed to expand 

attention and facilitate global perceptual processing (e.g., according to 

the broaden-and-build hypothesis; Fredrickson, 2004). Assuming that 

visuospatial material can be represented in WM in an independent, 

location-specific or in a global, configural fashion (e.g., Gmeindl et al., 

2011), it is possible that positive emotions would facilitate the repre-

sentation of a memory display as an integrated ensemble over single-

item WM representations and thus effectively reduce the burden on 

WM capacity. 
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METHOD

Participants
A total of 40 participants from Kadir Has University took part in two 

Experiments (20 participants each; Experiment 1A: Mage = 22.0, SD 

= 1.21 years; Experiment 1B: Mage = 20.7, SD = 1.92 years). All par-

ticipants were enrolled in the psychology undergraduate program and 

received course credits for their participation. All participants reported 

normal or corrected-to-normal vision and were naïve about the pur-

pose of the current study. Participants gave written informed consent 

prior to their participation. The study was approved by the Ethics 

Committee of Kadir Has University. The experiment was conducted in 

a single session that lasted around 50 minutes. 

Sample size estimation was informed by previous studies on the ef-

fects of negative emotions on WM (e.g., Li et al., 2010; King & Schaefer, 

2011; Xie & Zhang, 2016). On the basis of the number of participants 

tested and the statistical measures provided by these studies, a sample 

size of 20 participants was determined to be sufficient for detecting a 

difference between emotional and neutral images with a power of 0.8 

in a single experiment. Thus, on the basis of the studies mentioned 

above, one would expect WM accuracy to be modulated by negative 

emotions relative to the neutral baseline, which would be evidenced by 

a significant emotion main effect. In the current study, we compared 

two qualitatively different (negative vs. neutral and positive vs. neutral) 

emotions, and a difference in WM accuracy between the two emotions 

should be reflected by a 2-way interaction. In order to test this previ-

ously not reported interaction effect involving the between-subjects 

factor of emotional valence, we doubled our sample size to 40 partici-

pants, assuming that positive emotional pictures facilitate WM (see the 

Introduction section for the references) and that this facilitatory effect 

is about the same size as the previously reported disadvantageous ef-

fects generated by negative emotions, which would require 2 × 20 = 40 

participants (cf. Giner-Sorolla, 2018).

Apparatus and Stimuli
Stimulus presentation and response recording were controlled by an 

HP ProDesk PC running the Microsoft Windows 10 operating system. 

The experiment was programmed by PsychoPy Builder software (ver-

sion 1.84.2; Peirce, 2007). Participants faced the screen at a viewing 

distance of approximately 60 cm. Screen resolution was set to 1920 × 

1080 pixels. Responses were collected on a standard computer key-

board. The experimental room was dimly lit.

The sample items presented in the memory display consisted of 

four gray squares (size: 1 ° × 0.7 °) presented randomly at four out 

of eight possible equidistant locations on an invisible circle (diam-

eter: 21 °). The probe item presented in the test display was identical 

to the square stimuli presented in memory display. Probes appeared 

equally likely at each of the eight locations on the invisible circle. In 

the match condition, the probe appeared at the location of one of the 

previous, randomly selected memory items. In the nonmatch condi-

tion, the probe item was located at a previously empty location in the 

memory display. There was an equal number of match and nonmatch 

trials. During the retention phase, that is, after the presentation of the 

memory display and before the presentation of the probe display, nega-

tive and neutral (Experiment 1A) or positive and neutral (Experiment 

1B) emotional pictures were presented. The pictures were taken from 

the International Affective Picture System (IAPS) database (Lang et al., 

2008). Eighty pictures with different contents were chosen for each of 

the negative, neutral, and positive emotion conditions (see Appendix 

A). For positive and negative pictures, images with relatively high 

arousal and high valence ratings were chosen in order to maximize the 

success of the experimental manipulation, that is, to effectively induce 

the corresponding emotions (mean arousal ratings: positive = 4.88, 

negative = 6.04, neutral = 3.45; mean valence ratings: positive = 7.54, 

negative = 2.49, neutral = 5.30.  Statistical comparisons revealed that 

both the arousal and valence ratings differed significantly across nega-

tive, neutral and positive picture types (all ps <.001). 

Procedure
Experiments 1A and 1B employed a modification of the paradigm in-

troduced by Phillips (1974). The experiments were identical except that 

different emotional manipulations were presented during the retention 

phase (negative and neutral pictures in Experiment 1A and positive 

and neutral pictures in Experiment 1B; neutral pictures were identical 

in both experiments). Prior to each experiment, participants under-

FIGURE 1.

Example trial sequence. A memory display, consisting of four items, was presented prior to the retention period, during which 
task-irrelevant negative versus neutral (Experiment 1A) or positive versus neutral (Experiment 1B) pictures were presented. After a 
brief, blank screen, a single-item probe display appeared. The task was to decide whether the location of the presented probe item 
matched with any of the four memory items (here: match). Please note that for copyright issues, images other than the actual IAPS 
images are presented here. The IAPS picture IDs actually used in the experiments are provided in Appendix A.
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went a practice block of 10 trials to become familiar with the task. Each 

experiment consisted of 10 blocks of 80 trials each, leading to 800 tri-

als in total. Emotional pictures (negative in Experiment 1A, positive 

in Experiment 1B) were presented in half of the blocks and neutral 

pictures were presented in the remaining half. In each experiment, five 

emotional and five neutral blocks were presented in consecutive order. 

At the beginning of each trial, a white fixation cross was presented on 

a black background for 500 ms followed by the presentation of the 

memory display with four squares located randomly at different posi-

tions on a virtual circle. The memory display was shown for 500 ms, 

followed by a negative, positive, or neutral emotional picture presented 

for 1000 ms during the retention interval. To reduce afterimages, a 

blank screen appeared for another 100 ms after the emotional picture. 

Finally, a single square probe item was shown for 500 ms (see Figure 

1). Participants were instructed to respond to the location of the probe 

stimulus and to decide whether it was the same as or different than 

any of the four previously shown memory items. Participants pressed 

the “V” or “N” key for same versus different responses, respectively. 

Responses had to be executed within 2000 ms following the onset of 

the probe item. Error feedback was provided to emphasize accurate 

responses. After an incorrect response, a warning message (“error”) 

was presented for 500 ms at the center of the screen. 

The use of an independent-group design was motivated by previ-

ous studies (e.g., Brunyé et al., 2009) that also tested different groups 

of participants in different positive versus negative emotion condi-

tions. From a methodological perspective, a between-subject design 

using blocked (rather than mixed/randomized) presentations of emo-

tional stimuli is also preferable since it reduces undesired variability. 

Moreover, an important determinant of the quality of an experiment 

is the number of trials on which the dependent measures are based 

on (for recent discussions, see Parsons et al., 2019). Given this, we 

tried to further optimize our experimental paradigm by increasing 

the number of positive versus negative emotional trials (which, in our 

view, can be better realized by means of a between-subjects design, 

which better trades off the number of trials vs. the length of the ex-

periment and thus keeps the burden for participants relatively low). 

We therefore randomly assigned our participants to two groups: posi-

tive versus negative emotions (Experiments 1A and 1B, respectively). 

In each experiment, positive/negative images were presented in half of 

the blocks (400 trials), and neutral images were presented in the other 

half. With this approach, we were able to compare the effects of posi-

tive and negative emotional stimuli on WM accuracy (between-group 

comparison), while also being able to compare positive and negative 

emotions against a neutral baseline (within-group comparison). Only 

with the latter neutral image condition, one would be able to assess 

whether positive versus negative emotions up- or down-modulate the 

WM performance relative to the neutral baseline.

RESULTS

Participants’ ability to recall item locations was examined by the K 

parameter: K = set size × (hit rate – false alarm) / (1- false alarm), as 

introduced by Pashler (1988). The K-parameter was chosen due to its 

sensitivity and precision in measuring WM capacity (Rouder et al., 

2011). In order to examine the valence-specific effects of emotions on 

spatial WM, we directly compared Experiments 1A and 1B by means 

of an omnibus analysis of variance (ANOVA) with the K scores as 

dependent variable and IAPS picture type (emotional, neutral; within-

subject factor) and emotional valence (negative, positive; between-

subjects factor) as independent variables. It should be noted that the 

between-subjects factor of emotional valence reflects the comparison 

across Experiments 1A and 1B and therefore includes either negative 

and neutral (Experiment 1A) or positive and neutral (Experiment 

1B) picture presentations. Greenhouse-Geisser corrected values are 

reported in case Mauchly's test of sphericity was significant (p < .05). 

In cases of significant interactions, post-hoc least significant difference 

(LSD) tests were used for further comparisons. 

The main effect of picture type (emotional vs. neutral) was not 

significant (p > .05) but there was a reliable main effect of emotional 

valence (Experiment 1A: negative and neutral images vs. Experiment 

1B: positive and neutral images), F(1, 38) = 5.21, p < .05, ηp
2 = 0.12. 

Overall mean K scores were lower in Experiment 1A (M = 1.73, SD = 

1.21) than in Experiment 1B (M = 2.45, SD = 0.85). Of major theoreti-

cal interest was the significant picture type × emotional valence inter-

action, F(1, 38) = 12.45, p = .001, ηp
2 = 0.24. Post-hoc analyses revealed 

a significant effect of emotional valence in Experiment 1A (negative 

vs. neutral pictures), t(19) = −2.88, p < .01, Cohen's d = −0.64. As il-

lustrated in Figure 2, K scores were smaller for negative as compared 

to neutral stimuli (1.59, SD = 1.33) vs. 1.86, SD = 1.11). The effect of 

emotional valence was also significant in Experiment 1B, comparing 

the effects of positive versus neutral pictures on WM, t(19) = 2.04, p < 

.05, Cohen's d = 0.45. WM capacity was higher with positive compared 

to neutral pictures (2.52, SD = 0.85 vs. 2.38, SD = 0.69). Furthermore, 

a direct comparison of the K scores between negative and positive im-

ages was also significant, t(38) = −2.66, p = .01, Cohen's d = −0.84, 

FIGURE 2.

The WM capacity estimate K (and associated within-subject 
error bars) in the spatial delayed match-to-sample task when 
negative versus neutral (Experiment 1A, left) or positive versus 
neutral (Experiment 1B, right) emotional IAPS stimuli were pre-
sented during the WM retention interval.
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while the difference between the two neutral conditions only revealed 

borderline significance, t(38) = −1.76, p = .08, Cohen's d = −0.55 (see 

Figure 2). The marginal difference between the two identical neutral 

conditions in the two experiments (see Figure 2) may have resulted 

from emotional carryover effects. In fact, a comparison of the K scores 

in the neutral condition in the first block of the experiment (i.e., when 

participants were not yet presented with other emotional images) 

showed comparable K scores, t(38) = 1.68, p = .10, Cohen's d = 0.53, 

indicating that performance for the neutral images was comparable in 

the beginning, while the (marginal) difference only emerged later on 

when participants were presented with the emotional images. That is, 

the experience of negative (or positive) pictures may also have impact-

ed processing of the IAPS pictures that were originally rated as neutral 

(Schmidt & Schmidt, 2016; Zinchenko et al., 2020a). Such differences 

can thus be explained by a modulation in emotional quality of the 

neutral images when accompanied by positive or negative emotional 

images (Schneider et al., 2016). 

In order to test whether WM performance was influenced by re-

sponse bias, an additional analysis was performed which computed the 

response bias C derived from the signal detection theory: C = −0.5 × 

(zhit + zfalse alarm) (MacMillan & Creelman, 2005). Although the above 

analyses of the hit and false-alarm rates by means of the K memory 

capacity parameter provide evidence that emotions modulate WM 

(i.e., K score was highest with positive, intermediate with neutral, and 

lowest with negative emotional stimuli), it remains possible that emo-

tions also influence the decision-making process, such as a reduction 

of the threshold required for initiating a response (Kane et al., 2007). 

This would, for instance, be reflected by a more ”liberal” response crite-

rion C for positive relative to neutral (and negative) emotional pictures. 

However, the comparison of the C parameter across the two experi-

ments revealed neither a main effect of picture type (emotional vs neu-

tral: F[1, 38] = 0.01, p > .05, ηp
2 = 0.00) nor of valence (Experiment 1A 

negative: 0.12, SD = 0.22; neutral: 0.11, SD = 0.19; Experiment 1B posi-

tive: -0.03, SD = 0.20; neutral: −0.03, SD = 0.50), F(1, 38) = 2.91, p > .05, 

ηp
2 = 0.07. The interaction between these two factors was also statisti-

cally not significant: F(1, 38) = 0.04, p > .05, ηp
2 = 0.001. The response 

criterion C was thus uninfluenced by the emotional manipulation. 

Finally, an additional correlational analysis was carried out in order 

to establish the specific role of valence and arousal in the presented 

IAPS images. This was possible because each image in the IAPS data-

base (Lang et al., 2008) is associated with a specific valence and arousal 

rating. Valence reflects the evoked negative or positive emotion of each 

image. The mean valence ratings of the selected IAPS pictures were 

2.49 (SD = 0.86) and 7.54 (SD = 0.34) for negative and positive images, 

respectively, while for the neutral images, the mean rating was 5.30 (SD 

= 0.59). The mean arousal ratings were 6.04 (SD = 0.77), 3.45 (SD = 

0.96), and 4.88 (SD = 0.96) for negative, neutral, and positive images, 

respectively. The image-specific valence and arousal ratings for the pre-

sented negative, positive, and neutral pictures were correlated with the 

overall accuracy (in %) in the WM task. For this analysis, the data from 

the two experiments were combined and the WM performance for the 

neutral images was averaged across Experiments 1A and 1B. Of note, 

the ratings of the IAPS pictures varied continuously and such correla-

tional analyses have been widely used in a variety of previous studies 

(e.g., Calvo & Avero, 2009; Grühn & Scheibe, 2008; MacNamara et al., 

2011; Sen et al., 1983; Tok et al., 2010). The results showed that ac-

curacy was positively correlated with valence (r = 0.35, p < .001), while 

it revealed a significant negative correlation with arousal ratings (r = 

−0.22, p < .001). These correlations thus show that valence and arousal 

have opposing effects on the performance. An increase in valence leads 

to an improvement in WM performance, whereas corresponding in-

crease in the arousal conversely results in reduced WM performance.

DISCUSSION

The present study investigated the role of positive and negative emo-

tions on the retention of information in spatial WM by using a delayed 

matching-to-sample task. In the experiments, emotional contents were 

presented during the retention interval during which the previously 

encoded spatial information had to be maintained until the subsequent 

retrieval (and comparison to a probe item). Our results show a clear 

effect of the emotional pictures on WM capacity: negative relative to 

neutral emotion pictures reduce the WM capacity whereas positive 

emotional pictures lead to an increase in WM capacity relative to neu-

tral pictures. This overall increase in capacity with positive emotional 

content of the pictures was also revealed by means of a positive cor-

relation between the individual valence of the presented images and 

the associated overall memory performance. Conversely, a negative 

correlation was revealed between the arousal ratings of the presented 

images and WM performance, indicating that higher arousal levels im-

pair WM performance. Thus the valence and arousal of a given image 

reveals opposing effects on WM and the variability of these emotional 

dimensions (or their relative strength) may thus partly explain why 

previous studies often revealed inconsistent patterns in their results. 

It should be noted that the emotional pictures presented during 

the retention interval were completely task-irrelevant, meaning that 

participants had no explicit instruction to process these images. This is 

different from previous approaches (e.g., Plancher et al., 2019), where 

participants had to explicitly categorize emotional images during the 

WM task. Overall, this can be taken to suggest that both the explicit 

processing of emotional information in a picture and the mere expo-

sure to the emotional images (without any associated task) modulate 

WM capacity. 

Our observation of valence-specific effects is in line with several 

previous studies, though they also significantly extend it. For instance, 

Li et. al. (2010) found that negative pictures presented prior to a delayed 

matching-to-sample (spatial) task altered electrophysiological WM 

correlates, in particular the P3b waveform, which is assumed to reflect 

encoding and recall from WM (Ruchkin et al., 1990), and is attenuated 

in response to poorly retained information (Johnson, 1988). Li et al. 

(2010) found that the P3b was attenuated for negative relative to neu-

tral stimuli. However, this study presented negative images prior to the 

task, making it difficult to determine which stage is actually influenced 

by the negative emotions. To overcome this limitation, we presented 
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negative and positive images specifically within the retention period 

(and compared them against neutral pictures), thus being able to test 

emotional influences specifically at this stage. A potential proposal to 

account for the effect of emotions during the retention phase relates to 

the idea of a strong interplay between WM capacity and selective atten-

tion, or filtering (Liesefeld et al., 2014). Filtering can be considered as a 

cognitive capability: The better participants are able to process relevant 

information, or—as is important for the present task—to shield it from 

interference during WM maintenance by suppressing task-irrelevant 

information, the more WM resources are available for the task at hand 

(Vogel et al., 2005). However, negative emotions may crucially interfere 

with effective shielding because the potential behavioral relevance of 

negative emotional contents may impair shielding and thus reduce the 

availability of WM resources for the task-relevant information (see van 

den Berg et al., 2014; Oberauer et al., 2016, for different ideas on WM 

capacity limitations). In this view, negative emotions are particularly 

strong cues that attract external attention (to sensory events), and as 

a result, internal attention, the processing and the maintenance of in-

ternally generated information, is impaired (see Chun et al., 2011). In 

a sense, negative emotions could thus be seen as acting like salient (but 

task-irrelevant) distractors in other visual (search) tasks, capturing at-

tention and delaying detection of response-relevant target information, 

at least under some conditions (Geyer et al., 2008; Gaspar & McDonald, 

2014). Note that filtering could have been achieved by complementary 

attention mechanisms that either facilitate relevant information or 

suppress irrelevant information. Such an explanation in terms of an 

attentional distraction effect would also be compatible with the finding 

that socially relevant signals can bias attention during the retention of 

information in WM (Nie et al., 2018). A performance detriment result-

ing from the distracting negative emotions is also in line with accounts 

assuming an interplay between the processing of emotional material 

and attentional prioritization (i.e., in the dual competition framework; 

Pessoa, 2009). Taken together, this account considers attention as an 

executive control capability that is important for overcoming, that is, 

attenuating, negative emotional states. This may require a thorough 

sampling of the emotional stimulus presented during the retention 

phase. However, more careful sampling of negative emotion pictures 

may then interfere with the efficient retention in the ongoing WM task 

and lead to reduced performance. 

Concerning the facilitatory effects of positive emotion pictures, 

we suggest an account according to which positive emotions facilitate 

configural over single item representations and thus enhance the ca-

pacity of spatial WM. At the heart of this proposal are the accounts 

which assume that individual items are stored in WM with regard to 

their placement within the spatial item configuration (e.g., Jiang et al., 

2000; see also Gokce et al., 2013). The amount of information stored in 

WM can therefore vary depending on the ability to exploit configural 

cues. The strength of the configural memories might be modulated 

(increased) by positive emotions, especially because these emotions 

broaden the focus of attention and the processing of the entire spatial 

array (Fredrickson, 2004). That is, the representation of the encoded 

spatial configuration would be enhanced by the exposure to positive 

emotional images during the retention phase, suggesting that broaden-

ing of the attentional focus also occurs when attention is deployed to 

items maintained in memory, that is, to an already-encoded internal 

representation (see e.g., Chun et al., 2011; Kiyonaga & Egner, 2013). 

Alternatively, facilitatory emotion effects can also be explained by 

an approach-avoidance motivation (e.g., Elliot & Thrash, 2002). 

According to this account, positive images elicit an approach reac-

tion, where participants are more willing to deal with positive stim-

uli, while negative stimuli, in contrast, lead to an avoidance reaction. 

Importantly, such an approach-avoidance reaction may also exist for 

spatial memories, where certain spatial locations can be remembered 

better if participants approach those locations via the presentation of 

positive images (e.g., Murty et al., 2011). Of note, the above accounts 

in terms of the attention filtering/grouping frameworks are only post-

hoc attempts to coherently explain the current findings. However, they 

make predictions that can be tested in future research. 

A potential limitation of the current study concerns the relation-

ship between the arousal and valence of a given emotional picture. As 

mentioned above, the negative and positive IAPS images used in this 

study differed in their respective arousal levels: negative images were 

somewhat more arousing than positive ones (which is actually a rather 

common finding in studies that compare effects of positive and nega-

tive emotional images, see e.g., Zinchenko et al., 2020a). This difference 

in arousal levels could also potentially impact the effect of emotions on 

WM. For instance, the correlational analyses revealed that both arousal 

and valence affected WM performance, revealing an increase in ac-

curacies with positive valence, but conversely, increased arousal values 

decreased the overall accuracy. Thus, both valence and arousal influ-

ence WM performance, albeit in opposite directions. If arousal values 

were in turn matched (which is difficult to achieve in practice), we 

would have expected an even larger difference between the images with 

positive and negative valence as the matching of arousal levels would 

eliminate their opposing effects on WM performance. Moreover, these 

opposing effects of valence and arousal may also explain in part why 

several previous studies often reported inconsistent results (see also the 

Introduction section).

To conclude, the present study investigated the impact of task-

irrelevant emotional contents presented during the retention of spatial 

information in WM—one of the most relevant cognitive capabilities 

needed in everyday life. The results revealed that negative emotions 

impair while positive emotions facilitate WM performance for visu-

ospatial materials, relative to neutral emotional contents, respectively. 

These effects were observable specifically during the WM maintenance 

period, which suggests that emotions in particular influence the ability 

to hold information in WM. These findings thus help us to broaden 

our understanding of the interplay between emotional content and 

WM processing.
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APPENDIX A:  
IAPS PICTURES (IDS) USED IN THE PRE-
SENT STUDY

Positive: 1340, 1440, 1460, 1500, 1540, 1590, 1600, 1604, 1610, 1620, 

1630, 1710, 1721, 1750, 1811, 1920, 1999, 2035, 2040, 2045, 2058, 

2070, 2080, 2091, 2158, 2222, 2274,2311, 2340, 2345, 2387, 2388, 

2398, 2530, 2550, 2650, 4614, 4640, 4641, 5010, 5200, 5202, 5470, 

5480, 5600, 5621, 5623, 5660, 5760, 5780, 5781, 5811, 5820, 5830, 

5831, 5833, 5910, 5982, 7200, 7230, 7260, 7280, 7330, 7580, 8030, 

8080, 8163, 8180, 8190, 8200, 8350, 8370, 8380, 8420, 8461, 8490, 

8497, 8499, 8501, 8540.

Negative: 1052, 1111, 1113, 1120, 1200, 1205, 1220, 1274, 1280, 1300, 

2053, 2352.2, 2661, 2691, 2730, 2750, 2800, 2981, 3000, 3010, 3015, 

3030, 3051, 3060, 3061, 3064, 3068, 3069, 3071, 3080, 3100, 3110, 

3120, 3130, 3140, 3150, 3160, 3181, 3250, 3301, 3400, 3500, 3530, 

3550, 6020, 6190, 6211, 6212, 6312, 6313, 6350, 6360, 6540, 6550, 

6560, 6570, 6821, 6840, 8480, 9040, 9042, 9050, 9140, 9252, 9253, 

9290, 9301, 9400, 9410, 9415, 9420, 9421, 9430, 9433, 9520, 9560, 

9561, 9570, 9571, 9900.

Neutral: 2880, 5510, 5891, 7001, 7004, 7017, 7025, 7038, 7039, 7042, 

7043, 7050, 7053, 7056, 7059, 7060, 7077, 7140, 7150, 7160, 7161, 

7165, 7170, 7175, 7179, 7185, 7186, 7187, 7188, 7190, 7192, 7207, 

7211, 7217, 7233, 7249, 7354, 7484, 7495, 7496, 7497, 7500, 7510, 

7512, 7513, 7700, 7705, 7900, 8162, 8341, 7030, 7040, 7052, 7130, 

7061, 7620, 8211, 8465, 7640, 7950, 8250, 7034, 7041, 7080, 7137, 

7234, 7503, 7545, 8260, 7006, 7035, 7055, 7090, 7235, 7490, 7504, 

7547, 8280, 7009, 7036.
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