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In this review, we investigated the influence of happy/pleasurable and sad/unpleasant emotional 
stimuli on working memory (WM) performance. Twenty-eight out of 356 articles were reviewed. 
We observed that emotional stimuli were used as mood inductors or as targets comprising the 
WM task. Results showed that WM modalities were influenced differently when updating, interfer-
ence resolution, span, and complex tasks were applied. Specifically, we found distinct effects of 
emotional stimuli for updating tasks, in which (a) verbal modality seems to be impaired regardless 
of the emotional valence used compared to neutral stimuli, (b) visual updating processes appear 
to be improved by emotional stimuli as the targets of the task, and (c) emotional words improved 
interference resolution performance. As for storage, span, and complex WM tasks, sad/unpleasant 
emotional stimuli seem to decrease both verbal and visuospatial modalities when used as emo-
tional inductors. 
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INTRODUCTION

The study of the relationship between emotions and cognitive pro-

cesses has long been a marginal field in basic psychology. In fact, only 

in the past three decades did cognitive theories begin to be applied to 

the scientific analysis of emotions (Tyng, Amin, Saad, & Malik, 2017). 

However, the impact that emotions can have on cognitive functions 

as assessed by various tasks has been demonstrated (Dolan, 2002; 

Ledoux, 1989). According to previous studies, the area of cognition 

that may be especially susceptible to the effects of emotion is working 

memory (WM), a temporary storage system under attentional control 

that supports the capacity to maintain and manipulate limited infor-

mation over only a few seconds in the service of complex cognitive 

tasks such as problem-solving (Baddeley, 1986; Cowan, 1999; Engle & 

Oransky, 1999; Jonides & Smith, 1997). 

It is important to highlight that diverse WM tasks exist, which is 

a consequence of different WM models developed after the model 

This is an open access article under the CC BY-NC-ND license (http://creativecommons.org/licenses/by-nc-nd/4.0/).

http://www.ac-psych.org


ADVANCES IN COGNITIVE PSYCHOLOGYRESEARCH ARTICLE

http://www.ac-psych.org2019 • volume 15(2) • 155-168156

proposed by Baddeley and Hitch (1974). Nevertheless, studies have 

investigated the extent to which they can be used interchangeably as 

a measure of WM. For instance, Beatty et al. (2015) explored whether 

n-back task training could influence delayed matching-to-sample tasks 

since both are claimed to assess WM. The authors found marginally 

significant results possibly because the n-back performance requires 

only constant information updating, while the delayed matching-to-

sample task recruits other memory functions, such as encoding, main-

tenance, and retrieval of stimulus representations in sequential order.

Moreover, Ivanova, Kuptsova, and Dronkers (2017) explored the re-

lationship between complex span and n-back tasks and found no as-

sociations. They suggested that the complex span tasks involve quickly 

shifting between processes such as storing and rehearsing incoming 

items while executing a parallel processing task, which is totally dif-

ferent from the n-back performance. The authors explain their results 

supposing that WM and executive functions are not unitary, since 

previous studies on executive functions revealed that shifting and up-

dating are disconnected processes (Miyake & Friedman, 2012; Miyake 

et al., 2000).

Similarly, Jaeggi, Buschkuehl, Perrig, and Meier (2010) revealed 

that the n-back task is weakly associated with complex WM meas-

ures and simple span tasks, especially involving backward sequences. 

Finally, the results of the above-cited studies suggest that WM meas-

ures are not interchangeable, as they might tap into different aspects of 

the WM process (for more details, see Box 1).

Working Memory and Emotion
Apart from the WM measurement discussions, a variety of studies 

have shown that negative or unpleasant emotions can disrupt WM, 

decreasing its attentional processing (Ribeiro, Albuquerque, & Santos, 

2018). This led some authors to propose that WM might be a cognitive 

control centre to process emotion and to provide emotional evalua-

tions (Baddeley, 2007; Baddeley, Banse, Huang, & Page, 2012). 

The vast majority of studies examining the link between emo-

tion and WM have focused on anxiogenic and depressive emotional 

states in clinical samples (Baddeley, 2013; Moran, 2016; Schweizer 

& Dalgleish, 2016) rather than healthy samples (Spies, Heese, & 

Hunimitzsch, 1996). Researchers have only recently used emotional 

stimuli as mood inductors in nonclinical samples under two condi-

tions: as a target of the WM task (e.g., Kensinger & Corkin, 2003) or 

before WM task performance (e.g., Santos, Soares, & Albuquerque, 

2015; Soares, 2015). 

These above-quoted paradigms used positive- (pleasure, e.g., hap-

piness) or negative-valenced stimuli (displeasure, e.g., fear, anger, or 

sadness, Tyng et al., 2017). Although a variety of unpleasant emotional 

stimuli are thought to be equally negative in valence (Coan & Allen, 

2003), it is important to point out that studies have already shown 

that they are clearly distinguished on psychological and experiential 

grounds (Kreibig, Wilhelm, Roth, & Gross, 2007). For instance, con-

cerning to the WM performance, a recent meta-analysis carried out by 

Moran (2016) showed that anxiogenic mood induction before the WM 

task, which often includes fearful emotional stimuli, could only impair 

domain-general attentional processes, such as visuospatial complex 

span and dual-tasks, rather than domain-specific stores.

In contrast, the sad or happy mood induction before WM tasks 

seems to influence both storage and attentional processing linked to 

efficient WM functioning. Results of papers using simple span and 

complex span tasks showed that particularly negative mood induc-

tion (sad emotions) may decrease WM performance independently 

of its modality (Santos et al., 2015; Soares, 2015; Spies et al., 1996). 

Outcomes seem to demonstrate that participants who are negatively 

mood-induced are less able to suppress intrusive negative thoughts 

(Dalgleish & Yiend, 2006; Taruffi, Pehrs, Skouras, & Koelsch, 2017). 

Therefore, ruminant thoughts may influence attention, decreasing 

WM executive processing and storage resources, leading to worse per-

formance (Baddeley, 2013; Baddeley et al., 2012).

Emotional stimuli used as a target of the WM task seem to affect 

performance in complex span tasks in different ways, enhancing updat-

ing WM task scores (Kensinger & Corkin, 2003; Pratto & John, 1991) 

mainly because results seem to be due to emotion-executive function 

interactions (Pessoa, 2013). According to this assumption, the asso-

ciation between controlled attention and emotional signals enhances 

processing of stimuli with affective significance by strengthening its 

neural representation and increasing the probability that such stimuli 

are attended to and consciously represented (Vuilleumier & Huang, 

2009). Another study showed that despite the use of emotional stimuli 

as distractors in a delayed matching-to-sample (DMS) task, perfor-

mance was impaired for unpleasant items compared to neutral ones, 

especially when they were highly arousing (Dolcos & Denkova, 2014).

Finally, some studies observed that verbal stimuli (emotional or 

not) presented while performing a WM task could disrupt its capacity. 

This effect is named irrelevant sound, irrelevant speech, or unattended 

speech effect (Beaman & Jones, 1997; Jones, Miles, & Page, 1990; 

Salamé & Baddeley, 1989) and occurs because an external sound may 

interfere with episodic memory activation (Elliott & Cowan, 2005).

The Purpose of the Current Review
It is well established that mood states, such as anxious or depres-

sive-related ones, disrupt WM capacity according to previous system-

atic reviews (Moran, 2016; Rock, Roiser, Riedel, & Blackwell, 2014). 

The present review differs from this perspective by focusing strictly on 

two emotional states, happy/pleasant or sad/unpleasant, generated by 

emotional stimuli as mood inductors or as targets composing the WM 

task in nonclinical samples. Moreover, we will disentangle diverse WM 

tasks by including different functioning processes in verbal and visual 

modalities to reveal the complexity of the tasks and avoid misleading 

generalizations of deleterious or beneficial effects produced by emo-

tional stimuli.

Happy/pleasurable emotion and positive emotion will be used inter-

changeably in the following topics as well as sad/unpleasant and nega-

tive. To our knowledge, there is currently no consensus or even review 

papers summarizing the effects of these specific emotional stimuli and 

their induction on WM processing and storage. Therefore, the pur-

poses of this review are: (a) to investigate the effects of happy/pleasant 
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and sad/unpleasant emotions on WM performance of healthy partici-

pants; and (b) to explore whether happy/pleasant and sad/unpleasant 

emotional stimuli and/or induction affect WM tasks differently.

METHOD

Eligibility Criteria

TYPES OF STUDIES
In this review, we only included quantitative articles with measures 

supported by adequate statistical methodology. Likewise, studies must 

have included specifically happy or/and sad emotional stimuli valence 

versus neutral stimuli and include one of three different emotional 

stimulation methods (mood induction procedure before the WM 

task, during WM task performance, or intrinsic emotional stimuli as 

the target in the WM task). The emotional stimuli could have been of 

any type as long as they comprised sad and happy stimulation, such as 

images, words, sentences, songs, autobiographical memory, posts, gift, 

or video clips. 

TYPES OF WORKING MEMORY TASKS
The WM tasks could have assessed one or both WM modalities 

(verbal or/and visual) using any kind of WM measurement, such as 

storage, simple span, complex span, n-back, delayed matching-to-

sample tasks, among others.

TYPES OF PARTICIPANTS
We considered studies that included healthy adult participants. 

Studies examining subgroups, such as women, were included as well. 

Exclusion Criteria
Concerning the samples, studies (or articles) were excluded if they 

focused on (a) nonhuman samples or (b) paediatric and geriatric sam-

ples. Moreover, papers exploring clinical samples in comparison to a 

control group (healthy adults) were not included. We also excluded (c) 

studies investigating sensorial modalities other than verbal and visual, 

(d) review papers, expanded abstracts, books, chapters, and theses; (e) 

qualitative reports, (f) training-related studies, (g) genetic studies, (h) 

pharmacological papers, (i) studies without a WM task or not focused 

on WM processing and performance caused by emotional stimuli, 

and (j) papers focused on emotion regulation. Finally, (k) emotional 

stimuli defined as distractors,  (l) facial expressions used as emotional 

stimuli, or (m) studies including negative pictures depicting just anger 

(human violence, guns), disgust (vomit, garbage), and fear (snakes, spi-

ders, sharks, medical procedures) were also not included in this review. 

Identification of Relevant Papers
Our first search was carried out on 4 July 2018, in the following elec-

tronic databases: Web of Science (Thomson Reuters) including SciELO 

Citation Index (1991–present); PubMed (NCBI) including MEDLINE, 

PubMed, Central and in-process/ahead-of-print citations (1980–pre-

sent), Scopus (1977–present), and PsycINFO (1806–present). The 

search terms were “‘working memory’ AND ‘emotion’ OR ‘valence’ 

OR ‘arousal’”. The data search was limited to the English language only. 

On the PsycINFO database, the following limits were selected: original 

experimental articles, nonclinical samples, English language, human, 

and adulthood subjects.

RESULTS

Search Results

The original search process is displayed in Figure 1 according to the 

Systematic Reviews and Meta-Analyses (PRISMA) guidelines (Moher, 

Liberati, Tetzlaff, & Altman, 2009). The database search yielded 8.991 ar-

ticles (without duplicates), in which the titles and abstracts were reviewed. 

Of these, 356 papers were reviewed in full. Applying the inclusion and 

exclusion criteria, we detected that the sentence “negative emotion” was 

applied to a number of emotional stimulus categories such as sad/unpleas-

ant, and in papers related to anxiogenic mood, states such as anxiety, an-

ger, fear, and so forth. On the other hand, only happy/pleasant terms were 

defined as positive emotions. For this reason, a strict criterion was applied 

to the reviewed paper goals and procedures. This review excluded papers 

that investigated anxiogenic induction or defined unpleasant stimuli as 

anxiogenic. After this scrutiny, we selected 28 articles published from 2006 

to 2017 that used happy/pleasant as positive valence and sad/unpleasant 

as negative valence.

Papers included in this review used a broad range of methods, 14 

of which examined the effects of mood induction on WM and 14 used 

emotional stimuli as targets of five different WM tasks. Specifically, seven 

papers used updating WM tasks, nine papers used WM storage function 

tasks, one included both tasks (updating and storage), four included de-

layed matching-to-sample tasks, four papers used complex span tasks, and 

three papers used interference resolution tasks. 

Sample sizes ranged from 10 to 163 participants, and data collection 

occurred in 13 different countries: UK (n = 1), the USA (n = 7), South 

Korea (n = 1), Japan (n = 2), the Netherlands (n = 1), China (n = 2), 

Brazil (n = 1), Iran (n = 1), Sweden (n = 1), Germany (n = 4), Italy (n = 5), 

Australia (n = 1), and Singapore (n = 1).

It is important to clarify that we did not conduct a meta-analysis be-

cause, according to the Cochrane systematic review guidelines (Higgins 

& Green, 2011), combining studies that use different types of control 

conditions may lead to meaningless results. In fact, we observed diverse 

paradigms measuring WM performance. In other words, we detected a 

wide array of WM procedures. Consequently, few studies included control 

conditions that were similar enough to be considered for a meta-analysis. 

Since previous studies revealed that n-back, DMS, and simple and 

complex span tasks were not interchangeable WM measures (Beatty et al., 

2015; Blacker, Negoita, Ewen, & Courtney, 2017; Byrne, Gilbert, Kievit, 

& Holmes, 2019; Kane, Conway, Miura, & Colflesh, 2007; Jaeggi et al., 

2010), papers were grouped according to task to avoid biases related to 

the different WM processes. Box 1 describes each WM task, the measured 

functions, their prototype, and variations according to the articles found.  

http://www.ac-psych.org


ADVANCES IN COGNITIVE PSYCHOLOGYRESEARCH ARTICLE

http://www.ac-psych.org2019 • volume 15(2) • 155-168158

FIGURE 1.

The process of search for articles meeting the review criteria, 
following the Systematic Reviews and Meta-Analyses guide-
lines (PRISMA, Moher et al., 2009). 

Updating Working Memory Tasks
As seen in Table 1, seven papers that only assessed updating capacity 

and one paper including both storage and 2-back tasks were included 

in this topic. From these eight papers, three included emotional mood 

induction prior to the n-back task (Chepenik, Cornew, & Farah, 2007; 

Choi et al., 2013; Martin & Kerns, 2011), while the other five included 

emotional stimuli as the target of the task (Fairfield, Mammarella, Di 

Domenico, & Palumbo, 2014; Grimm, Weigand, Kazzer, Jacobs, & 

Bajbouj, 2012; Grissmann, Faller, Scharinger, Spüler, & Gerjets, 2017; 

Kopf, Dresler, Reicherts, Herrmann, & Reif, 2013; Lindström & Bohlin, 

2011). Two studies investigating the impact of positive and negative 

stimuli as targets on n-back tasks found divergent results. Lindström 

and Bohlin (2011) found that performance in a visual 2-back task 

increased when positive or negative pictures were used as targets in 

comparison with neutral pictures, as revealed by higher hit rates, and 

discriminability, and faster reaction times. In contrast, Grissmann et al. 

(2017) found that performance in a visuospatial 2-back task decreased 

when negative pictures were used as targets. Additionally, they showed 

a decrease in accuracy and slower reaction times in comparison with 

positive and neutral pictures, but no significant effects of valence of 

pictures used as targets were observed in the 1-back version of the task.

 An important distinction between these studies was how they ap-

plied the emotional stimuli in the 2-back task. For example, Lindström 

and Bohlin (2011) mixed positive, negative, and neutral pictures as 

targets that would be perceived as distinct stimuli when compared to 

neutral ones. In turn, Grissmann et al. (2017) created blocks contain-

ing only positive, negative, or neutral pictures as targets that might 

have functioned as mood inductors. 

We observed consistent results across studies for verbal modality. 

They showed that performance in the verbal updating task appears to 

be decreased by visual induction of emotional words as targets (Choi 

et al., 2013; Kopf et al., 2013; Fairfield et al., 2014; Martin & Kerns, 

2011). For instance, Choi et al. (2013) and Kopf et al. (2013) revealed 

poor results for verbal updating tasks. Choi et al. (2013) showed that 

presenting positive and negative pictures with high arousal as mood 
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Task Function Prototype Variations

Recency-probes 
proactive interference 

paradigm

Interference 
resolution

Participants go through a sequence of trials in which they 
memorize a target set of items and, after a retention interval, 
they respond whether the probe matches the items in the 
target set.

Emotional words or pictures.

N-back Updating
Participants monitor the identity or location of a series of 
verbal or visual stimuli and later indicate whether the current 
stimulus is the same as the one presented n trials earlier.

Emotional pictures or words are 
used as the content of the task 
itself or pictures that appear in 
each trial act as emotion inducers.

Operation Span Maintenance

Each trial consists of the presentation of a sequence of 
calculation result judgments followed by an item for 
memorization. At the end, the participants recall the items in 
their correct serial order.

-

Corsi Blocks Visuospatial 
Storage

Participants tap a sequence of blocks in the same order as 
the examiner (for storage) or backwards (for processing). 
Difficulty progressively increases as the number of items 
increases.

-

Digit Span Verbal storage

Participants repeat a sequence of digits verbally in the 
same order as the examiner (for storage) or backwards (for 
processing). Span lengths range from one to nine items, 
increasing progressively. 

-

Running WM Updating
Participants see a sequence of items (numbers or letters) and 
remember the last items; the number of items to be recalled 
varies depending on the research objective. 

Emotional words.

Colour recall 

Visual 
storage and 
information 

precision

Participant see a set of coloured squares and later report the 
remembered colour of a probed item by pointing at a colour 
wheel. Difficulty increases as the number of items increases.

-

Delayed matching-to-
sample

Encoding, 
retention, and 

retrieval

Stimuli are shown to the participants, followed by a probe 
item after a variable delay. They are required to recall whether 
the probe item was presented during the encoding phase.

Emotional words or pictures.

Reading Span Maintenance 
and retrieval

Participants read sentences while memorizing target words 
from the sentences. Difficulty increases as the number of 
items gradually increases. 

Positive and negative sentences.

BOX 1.  
Working Memory Tasks, Function Measured, Prototype, and Variations

induction was related to reduced verbal 3-back WM task accuracy 

compared to conditions with neutral pictures. Moreover, Kopf et al. 

(2013) showed impaired WM performance on a 3-back task that in-

cluded negative emotional stimuli compared to neutral stimuli since 

participants produced more errors. 

Two other papers assessing the effects of emotion on the running 

WM task, in which participants should evoke, rather than recognize 

the stimuli as in the n-back task, support these results. For instance, 

Martin and Kerns (2011) proposed that positive mood induced by video 

clips has an impairing effect on a verbal running WM task compared to a 

neutral condition. They presented 12 to 20 random single-digit numbers 

to participants and asked them to try to remember the last six digits they 

heard in forward order. Likewise, Fairfield et al. (2014) used emotional 

words as targets of a verbal running WM task in which the number 

of words presented varied from 5 to 8 per trial and participants were 

instructed to verbally list the last three words of each trial in consecu-

tive order. Data revealed a decrease in accuracy for positive and negative 

word recollection for longer lists, indicating that task difficulty interacts 

with valence processing in WM. Moreover, two studies did not detect 

any effects of emotion on updating performance (Chepenik et al., 2007; 

Grimm et al., 2012). Specifically, using a mood induction procedure 

through imagery and music, Chepenik et al. (2007) did not observe any 

influence of emotions on visual 2-back task performance. Moreover, 

behavioural task differences were not observed when exploring the neu-

ral processing underlying the effects of emotions during updating tasks 

that used emotional words as targets (Grimm et al., 2012). However, the 

authors found brain activation variations for emotional stimuli. These 

studies justified their null findings due to the participants’ WM capacity 

resources, ceiling effects, and the nonaffectivity of the mood induction.

Working Memory Storage and 
Simple Span Tasks
As displayed in Table 2, a range of studies investigated WM storage and 

span capacity in healthy subjects using a variety of induction meth-

ods before the WM task (Allen, Schaefer, & Falcon, 2014; Chepenik 

et al., 2007; Esmaeili, Karimi, Tabatabaie, Moradi, & Farahini, 2011; 

Mayshak, Sharman, & Zinkiewicz, 2016; Palmiero, Nori, Rogolino, 

D’Amico, & Piccardi, 2015, 2016; Palmiero & Piccard, 2017; Spachtholz, 

Kuhbandner, & Pekrun, 2014; Xie & Zhang, 2016). Only two studies 

included emotional pictures as the target of the WM task. For example, 

Mather et al. (2006) applied a short-term source-monitoring task, and 

Palmiero and Piccard (2017) used the walking Corsi test. In general, 

effectively induced negative mood, regardless of the method used, 

seems to decrease WM performance. For example, Allen et al. (2014) 
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indicated in their experiments that recollecting negative or positive 

autobiographical emotional memories could impair WM performance 

across both verbal and visual modalities assessed by the digit recall 

span and the Corsi span task. Similarly, Spachtholz et al. (2014) showed 

that negative mood induction through the recollection of negative au-

tobiographical memories and listening to music decreased the storage 

capacity of items but increased the quality of visuospatial WM repre-

sentations compared to a neutral mood. In fact, participants more ac-

curately indicatedspecific colours of the squares previously presented 

as targets to be remembered on a colour wheel with 180 colours. 

Mather et al. (2006) used a visual short-term source-monitoring 

task to investigate whether binding WM performance would decrease 

as a function of arousal levels (high, medium, or low). Participants had 

to remember the location of four different pictures from the corre-

sponding subset of positive or negative emotional arousal. The authors 

concluded that negative high arousal pictures recruited more attention, 

hence disturbing WM processing capacity compared to neutral and 

low arousing pictures. Moreover, Palmiero and Piccardi (2017) inves-

tigated the effects of neutral, positive, and negative emotional pictures 

as targets of the walking Corsi test using a between-subjects design. 

They observed that subjects who performed the test with positive and 

negative emotional pictures had better scores on the test compared to 

those exposed to neutral stimuli.

By contrast, positive mood induction seems to improve visuospa-

tial WM processing. For instance, Palmiero et al. (2015, 2016), using 

a Corsi task and the forward and backward walking Corsi test while 

subjects listened to positive, negative, or neutral songs, revealed that 

only positive mood was effectively induced comparing pre- and post-

mood induction measurements, which resulted in increased WM 

scores when compared to negative and neutral valence music. Both 

studies used a between-subjects design and they did not apply another 

WM measure for controlling eventual group differences in WM capac-

ity, which could be crucial to explain the WM results. Another study 

carried out by Esmaeili et al. (2011) using a between-subjects design 

investigated the effect of positive and neutral emotional induction 

through video clips comparing pre- and post-test WM performance, 

that is, the sum of performances in visuospatial (block recall) and ver-

bal (number-letter) WM tasks. They showed better WM results after 

the positive induction than after the neutral one. Although the sum 

of both WM tasks indicated better performance, it is not possible to 

determine which modality was the most influenced by the positive 

emotion.

Finally, three papers did not find any influence of emotional in-

duction on WM tasks (Chepenik et al., 2007; Mayshak et al., 2016; 

Xie & Zhang, 2016). Although Xie and Zhang (2016) did not present 

quantitative effects using a valenced picture as induction before a 

colour and shape WM task, negative induced emotion produced im-

proved resolution compared to the neutral and positive conditions. 

This means that participants accurately remembered a specific colour 

when they were asked to find its match on a colour wheel. Spachtholz 

et al. (2014) showed similar results. Moreover, emotional posts on 

Facebook (Mayshak et al., 2016) and negative and neutral guided im-

Author 
(date)

Emotional 
stimuli

Number of 
participants Modality Valence and/or 

arousal

Working 
memory 
measures

Main findings

Grissmann 
et al. (2017)

Pictures# 27 Visuospatial Positive, negative, 
and neutral

1 and 2-back WM task performance decreased 
with negative emotional state in the 

2-back task.
Chepenik et 
al. (2007)

Imagery and 
music*

33 Visuospatial Negative and 
neutral

2-back No findings.

Lindström 
and Bohlin 
(2011)

Pictures# 55 Visual Positive, negative, 
and neutral

2-back WM performance was higher for 
positive and negative emotional 

targets compared to neutral state.
Grimm et 
al. (2012)

Words# 20 Verbal Positive, negative, 
and neutral

2-back No findings.

Choi et al. 
(2013)

Pictures* 20 Verbal Positive, negative, 
and neutral

3-back WM performance was higher for 
neutral emotional states, followed by 

positive and negative.
Kopf et al. 
(2013)

Words# 32 Verbal Positive, negative, 
and neutral

3-back WM performance was lower for 
the negative stimuli, compared to 

positive and neutral.
Fairfield et 
al. (2014)

Words# 40 Verbal Positive, negative, 
and neutral

Running WM WM performance with emotional 
words decreased as list length 

increased.
Martin 
and Kerns 
(2011)

Video clip* Exp 1:180
Exp 2: 104

Verbal Positive and 
neutral

Running WM WM performance was worse 
with the positive emotional state, 

compared to neutral.

TABLE 1.  
Summary of Papers Assessing Updating Capacity According to Emotional Stimulus Type

Note. * = Emotional stimuli as induction; # = Emotional stimuli as targets of the WM task.
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agery with valenced excerpts (Chepenik et al., 2007) did not influence 

performance on the digit span task. These results were interpreted as 

reflecting inefficiency of the induction method on inducing valence 

and insufficient arousal to affect WM capacity.

Complex Span Working Memory 
Tasks
As shown in Table 3, two papers specifically indicated that visual posi-

tive mood induction can increase processing of verbal and visuospatial 

Operation Span WM tasks (OSPAN - Storbeck & Maswood, 2015; 

Yang, Yang, & Isen, 2013). For example, Yang et al. (2013) observed that 

positive mood induced by giving participants an unexpected gift (can-

dies) improved performance on a complex WM span task compared 

to a neutral mood condition. These results are in line with research by 

Storbeck and Maswood (2015) using video clips as mood inductors. 

They concluded that positive mood enhanced OSPAN, more precisely 

the executive control, regardless of modality whereas negative mood 

did not influence performance. 

Nonetheless, Curci, Soleti, Lanciano, Doria, and Rimé (2015) ob-

served that impairment in WM capacity is dependent on the modality 

(verbal vs. visuospatial) of the original material and the concurrent 

task. Their results showed that exposure to verbal negative mood in-

duction impaired verbal performance. By contrast, exposure to visual 

negative mood induction impaired both verbal and visuospatial WM 

performance. Finally, Osaka, Yaoi, Minamoto, and Osaka (2013) used 

a reading span task in which participants read sentences that elicited 

negative, neutral, or positive emotional states while memorizing a 

target word from each sentence. In other words, participants needed 

to focus their attention on the target words while ignoring other ir-

relevant words in the sentences. The data revealed a trend of decreased 

accuracy for sentences that evoked negative emotional states.

Interference Resolution Tasks
Levens and Phelps (2008, 2010) established that proactive interference 

WM processing was lower for positive and negative stimuli compared 

to neutral stimuli. In other words, valenced words were remembered 

Author 
(date)

Emotional 
stimuli

Number of 
participants Modality Valence and/or 

arousal

Working 
memory 
measures

Main findings

Allen et al. 
(2014)

Autobiographical 
 memories*

Exp 1: 24
Exp 2: 24

Verbal and 
visual

Exp.1:
Neutral and 

negative

Exp 2: Neutral, 
negative, and 

positive

Digit recall and
block recall

Spatial and Verbal WM performance 
decreased after negative mood 

induction.

Esmaeili et 
al. (2011)

Video clips* 60 Verbal and 
visuospatial

Positive and 
neutral

Number- letter 
and block recall

WM results were higher for the 
positive induced group than for the 

neutral group.
Chepenik et 
al. (2007)

Imagery and 
music*

33 Verbal Negative and 
neutral

Digit span No findings.

Mayshak et 
al. (2016)

Emotional post* 80 Verbal Positive, negative, 
and neutral

Digit span No findings.

Palmiero et 
al. (2015)

Music* 111 Visuospatial Positive, negative, 
and neutral

Corsi and 
walking Corsi 

tasks

WM performance was higher for the 
positive emotional state compared 

to negative and neutral states.
Palmiero et 
al. (2016)

Music* 144 Visuospatial Positive, negative, 
and neutral

Corsi and 
walking Corsi 

tasks

WM performance was higher for the 
positive emotional state than for the 

negative and neutral states.
Palmeiro 
and Piccard 
(2017)

Images# 75 Visuospatial Positive, negative, 
and neutral

Walking Corsi 
tasks

WM performance was higher 
for positive and negative valence 

compared to neutral.
Mather et 
al. (2006)

Pictures# Exp 1: 20
Exp 2A: 16
Exp 2B: 10

Visual Positive, negative, 
and neutral

Short-term
source-

monitoring task

Memory for picture location 
conjunctions decreased as arousal 

increased.

Spachtholz 
et al. (2014)

Autobiographical 
memories and 

music*

80 Visual Neutral and 
negative

Colour recall 
task

WM capacity was reduced by 
negative valence compared to 

neutral.
Xie and 
Zhang 
(2016)

Pictures* Exp 1: 18
Exp 2: 19
Exp 3: 18

Visual Positive, negative, 
and neutral

Colour WM 
task,

Shape WM task

No findings.

TABLE 2.  
Summary of Papers Evaluating Storage and/or Span Capacity According to Emotional Stimulus Type

Note. * = Emotional stimuli as induction; # = Emotional stimuli as targets of the WM task.
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Author 
(date)

Emotional 
stimuli

Number of 
participants Modality Valence and/or 

arousal

Working 
memory 
measures

Main findings

Osaka et al. 
(2013)

Words* 26 Verbal Neutral, positive, 
and negative

Reading Span WM scores were lower for 
negative valence words.

Yang et al. 
(2013)

Unexpected gift* 58 Verbal Positive and 
neutral

OSPAN WM (processing and storage) 
improved by positive compared to 

neutral valence.

Storbeck and 
Maswood 
(2015)

Video-clips* Exp 1: 120
Exp 2: 100

Verbal and 
visual

Negative, positive, 
and neutral

OSPAN Verbal and visuospatial WM 
increased with positive mood 

induction.

Curci et al. 
(2015)

Exp 1: two-page 
excerpt

Exp 2: video clip*

Exp 1: 120
Exp 2: 163

Verbal and 
visual

Neutral and 
negative

OSPAN and an 
analog visual 

task

Verbal WM performance was 
reduced by exposure to negative 

visual and verbal induction; 
visuospatial WM performance 
was reduced by negative visual 

induction exposure.

TABLE 3.  
Summary of Papers Evaluating Working Memory Capacity Through Complex Tasks According to Emotional Stimuli Type

Note. * = Emotional stimuli as induction. OSPAN = Operation span working memory task.

more often than neutral ones. In another paper, Gotoh (2012) inves-

tigated the emotional interference of affective words in continuous 

auditory processing. He revealed that valenced words (negative and 

positive) were also recalled better compared to neutral words in trials 

using words with negative, neutral, and positive affective (see Table 4).

Delayed Matching-to-Sample Tasks
The effects of emotional stimuli on WM performance were tested in 

four studies using different delayed matching-to-sample tasks (DMS), 

as shown in Table 5. Three studies included behavioral tasks and elec-

trophysiological measures (Garcia, Uribe, Tavares, & Tomaz, 2011; Jin, 

Li, & Luo, 2013; Li, Chan, & Luo, 2010). For instance, Jin et al. (2013) 

was the only selected paper to use verbal stimuli as the target of a DMS 

task, in which two target words were presented side by side at the cen-

tre of the screen. After a short delay, a word was introduced as a probe 

stimulus, followed by a blank. The participants were asked to decide 

whether the probe word was old or new (i.e., whether the probe word 

was congruent or incongruent with one of the two preceding target 

words). They were also instructed to try to respond as correctly and 

quickly as possible. Participants produced faster reaction times and 

higher accuracy for positive stimuli and, conversely, slower reaction 

times and lower accuracy for negative stimuli. 

Bergmann, Rijpkema, Fernández, and Kessels (2012) presented 

five consecutive pairs of pictures, each consisting of one neutral picture 

and one valenced picture, which could be a high-arousal positive, low-

arousal positive, high-arousal negative, low-arousal negative, or anoth-

er neutral picture. Later, participants were asked to indicate whether 

the current pair matched one of the five pairs presented at the encoding 

phase. Results showed that high-arousal valenced pictures, whether 

positive or negative, were less recognized in the test-phase than pairs 

containing neutral or low-arousal pictures. These results could be a 

consequence of a higher focus on arousing stimuli, leaving insufficient 

attentional resources required for binding interitem relationships, thus 

diminishing WM capacity. Additionally, Garcia et al. (2011) applied 

a DMS task requiring that participants choose the stimulus from the 

pair that matched the previously viewed target. In contrast, the non-

DMS task required that participants choose the novel stimulus from 

the pair of stimuli after seeing the target. They showed that participants 

achieved better results in the DMS than the non-DMS. One explana-

tion given by the authors was based on the unfamiliar response, which 

may inhibit the instinctively preferred familiar stimuli and decrease 

attentional resources. Regarding the effects of emotional stimuli, no 

differences were found between neutral, positive, and negative. On 

the other hand, authors verified a statistically significant result when 

comparing neutral and positive stimuli on the non-DMS: improved 

performance for the neutral stimuli. Additionally, they observed a 

trend of enhancing effects of the negative emotional content compared 

to positive content on non-DMS.

Finally, Li et al. (2010) failed to demonstrate the effect of negatively 

induced emotions on different processing periods in spatial and verbal 

DMS tasks. They argued that the emotional picture did not sufficiently 

induce effective negative emotions that could disrupt the processing 

information since only one different picture was presented before each 

trial.

DISCUSSION

Even though the interaction between WM and emotion has an impact on 

social, academic, professional, and daily life activities, as well as on mental 

and behavioural disorders, this topic remains understudied. In order to 

improve our comprehension of how emotion affects WM performance, 

we implemented a systematic review aiming to (a) scrutinize the body of 

knowledge about the effects of emotional stimuli on WM performance 

and (b) observe whether emotional stimuli can enhance or decrease WM 
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storage (nine articles) and complex span tasks (four articles) seem to 

be mainly affected by opposite valence; for instance, positive valence 

increases performance and negative valence decreases it. Furthermore, 

the three studies using interference resolution tasks showed increasing 

performance regardless of positive or negative verbal stimuli, which were 

remembered more accurately compared to neutral ones. Finally, results for 

DMS tasks (four articles) were inconsistent across studies. Specific results 

for each type of WM task will be discussed in the following sections.

Updating Working Memory Tasks
There is evidence that visual modality seems to be facilitated by 

valenced pictures used as the target of the task as well as emotional 

induction. For instance, applying WM updating tasks (visuospatial 

2-back task) with high arousal negative valenced pictures as the target 

Lindström and Bohlin (2011) revealed higher updating performance 

compared to neutral pictures. Further, verbal modality seems to be 

performance by contrasting updating, storage, complex span, interference 

resolution, and DMS tasks.

 Among the 28 selected quantitative papers, we observed a twofold 

pattern: papers reporting emotional stimuli used as targets of the task 

(16 articles) and articles describing studies with emotional stimuli used 

as inductors before or during the WM task (12 studies). As expected, 

altogether, these major categories did not show a clear pattern of effects. 

Firstly, because the WM tasks tap in diverse and unequal WM processes 

(Beatty et al., 2015; Blacker et al., 2017; Kane et al., 2007; Jaeggi et al., 

2010), and secondly, due to the fact that the allocation of emotional stimuli 

as inductors or targets interacts differently with diverse processes of WM 

functioning (Baddeley, 2007).

 In that sense, scrutinizing the effects of emotional stimuli accord-

ing to the functions measured by the tasks was an enlightening strategy. 

Interestingly, we consistently observed that emotional stimulus effects 

might be modality-specific on updating tasks (seven articles), while 

Author 
(date)

Emotional 
stimuli

Number of 
participants Modality Valence and/or 

arousal

Working 
memory 
measures

Main findings

Gotoh (2012) Words# 26 Verbal Positive, negative, 
and neutral

Auditory 
presentation of 

words

WM capacity was higher for 
negative and positive words 
compared to neutral ones.

Levens and 
Phelps (2010)

Words# 27 Verbal Positive, negative, 
and neutral

Recency-probes 
proactive 

interference 
task

The degree of proactive 
interference decreased with 

emotional words compared to 
neutral ones.

Levens and 
Phelps (2008)

Words# Exp 1: 44
Exp 2: 45
Exp 3: 52

Verbal and 
visual

Positive, negative, 
and neutral

Recency-probes 
proactive 

interference 
task

The degree of proactive 
interference was smaller with 

emotional words than with neutral 
ones.

TABLE 4.  
Papers Including Interference Resolution Tasks to Assess Working Memory Capacity According to Emotional Stimuli Type

Note. # = Emotional stimuli as targets of the WM task.

Author 
(date)

Emotional 
stimuli

Number of 
participants Modality Valence and/or 

arousal

Working 
memory 
measures

Main findings

Bergmann et 
al. (2012)

Pictures# 43 Visual Positive, negative, 
and neutral;

Low and high 
arousal

Delayed 
matching-to-

sample

WM accuracy was lower for pairs 
consisting of high arousal images 
compared to low arousal images.

Garcia et al. 
(2011)

Pictures# 54 Visuospatial Negative, positive, 
and neutral

Delayed 
matching and 
non-matching

WM accuracy was lower for 
positive pictures compared to 

neutral ones on the nonmatching 
task.

Li et al. 
(2010)

Pictures* 15 Spatial and 
verbal

Neutral and 
negative

Delayed 
matching-to-

sample

No findings.

Jin et al. 
(2013)

Words# 46 Verbal Negative, positive, 
and neutral

Delayed 
matching-to-

sample 

WM accuracy was higher when 
positive stimuli were compared to 
negative ones, and WM accuracy 

was higher for neutral stimuli 
compared to negative ones.

TABLE 5.  
Papers Including Delayed Matching-to-Sample Tasks to Assess Working Memory Capacity

Note. * = Emotional stimuli as induction; # = Emotional stimuli as targets of the working memory task.
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impaired by positive high arousal visual induction (Choi et al., 2013; 

Grissmann et al., 2017; Martin & Kerns, 2011) or positive and negative 

emotional words (Fairfield et al., 2014; Kopf et al., 2013) as the targets 

of the n-back tasks and running WM task. 

Positive mood is not related to increases in verbal updating and 

decreases in visuospatial updating accuracy (D'Esposito et al., 1998; 

Smith & Jonides, 1999). 

For instance, Martin and Kerns (2011) revealed that positive and 

negative mood induced by emotional videos equally reduced verbal 

WM capacity in the running WM task; however, this task has crucial 

differences when compared to the n-back task (D'Esposito et al., 1998; 

Smith & Jonides, 1999). In fact, n-back tasks may be more computa-

tionally complex, requiring updating and controlled attention, which 

could lead to more diffuse brain activity. Therefore, it is possible that 

differences between the cognitive processes and brain regions involved 

in the running WM task and n-back tasks can account for the differ-

ence in results between studies.

Moreover, another explanation is related to the encoding process of 

visual and verbal information in the updating tasks. In fact, the visual 

presentation of items to be stored is likely to encourage dual coding 

of the stimuli (Paivio, 1991). In other words, when visual stimuli are 

used as the target in n-back tasks, they seem to be efficiently processed 

since people tend to spontaneously name visual stimuli by creating a 

considerable distinction between the images when compared to words 

that do not spontaneously generate visual images (Klingner, Tversky, 

& Hanrahan, 2010). This is plausible since none of the papers using a 

visual n-back task used an articulatory suppression control procedure.

Finally, we would like to emphasize that the updating task was 

observed in eight out of 28 papers. Overall, authors focused on an ex-

ecutive process related to WM, which seems to be the current trend in 

the literature, especially after the proposal of a neural model for WM 

(D’Esposito, 2007; D’Esposito & Postle, 2015). According to this view, 

the quality rather than the quantity of WM representations determines 

performance (Ma, Husain, & Bays, 2014). Therefore, authors investi-

gating WM must consider the differences in WM tasks because they 

can influence their outcomes and the explanations (Redick & Lindsey, 

2013).

Working Memory Storage, Simple 
Span, and Complex Span Tasks
Studies investigating WM processing and storage after mood induc-

tion found congruent results when negative emotional stimuli were 

used. More specifically, these papers revealed that negatively induced 

mood may have a deleterious effect on visuospatial WM. Indeed, the 

majority of the reviewed papers (Allen et al., 2014; Curci et al., 2015, 

Mather et al., 2006; Osaka et al., 2013; Spachtholz et al., 2014) provided 

evidence for such an effect, regardless of the WM task used (colour 

recall, source-monitoring task, digit recall, block recall, OSPAN, and 

reading span). 

A significant impact on WM functioning also seems to be depend-

ent on the type of negative mood induction: the greater the mood 

induction effect, the higher the mood arousal (Nguyen & Grahn, 

2017). Thus, more irrelevant self-referent thoughts could be generated 

and distract participants from the WM task by loading attentional 

resources (Seibert & Ellis, 1991; Taruffi et al., 2017) and influencing 

both storage and active maintenance (Meiran, Chorev, & Sapir, 2000).

By contrast, positive mood induction seems to improve visuospa-

tial WM performance for storage, span tasks, and complex span tasks 

(Esmaeili et al., 2011; Palmiero et al., 2015, 2016; Storbeck & Maswood, 

2015; Yang et al., 2013). By observing outcomes from Palmiero et al. 

(2015, 2016), which used irrelevant sounds as emotional stimuli (back-

ground sounds that were not part of the WM task), one can argue that 

their results, when contrasted with the classical literature, are linked to 

the irrelevant sound effect (Beaman & Jones, 1997; Jones et al., 1990; 

Salamé & Baddeley, 1989). However, a low arousal condition could 

have beneficial effects on WM performance compared to silence, since 

environmental sounds, such as laboratory equipment and furniture, 

may lead to high arousal effects in a silence condition (Broadbent, 

1978).

An explanation regarding positive mood induction effects could 

be related to the attentional process, which depends on motivational 

intensity (Gable & Harmon-Jones, 2008). In other words, the broaden-

and-build theory (Fredrickson, 2001) states that positive emotional 

stimuli, as opposed to negative stimuli, promote a broadening of at-

tention capacity, increasing the repertoire of thought and engaging 

motivation, which may improve performance on attentional processes.

Finally, we could not offer conclusions regarding the usage of emo-

tional pictures as targets on a span task since we found that only one 

article investigated the effects of positive, negative, and neutral pictures 

as targets in a span WM task (Palmiero & Piccard, 2017). Their results 

showed an enhancing effect for positive and negative valenced tasks 

compared to neutral. According to the authors, this enhancing effect  

could be due to the distinctiveness of the valenced photos compared 

to the neutral ones (Ochsner, 2000). However, more studies should be 

carried out to discuss these results.

Interference Resoultion Tasks
Regarding the interference resolution tasks, all the three reviewed stud-

ies (Gotoh, 2012; Levens & Phelps, 2008, 2010) presented congruent 

results regarding the capacity to remember verbal emotional stimuli 

(positive and negative valence) compared to neutral stimuli. This para-

digm mainly manipulates familiarity and source recognition. For this 

reason, these results indicated that positive and negative verbal items 

were distinctive when compared to neutral items, mainly because emo-

tional stimuli have probably diminished familiarity signal strength and 

enhanced emotional source memory, permitting interference resolu-

tion for emotional stimuli in WM (Kensinger & Corkin, 2003).

Delayed Matching-to-Sample Tasks
Studies using DMS tasks with visuospatial modality produced widely 

varied effects, which may be associated with procedural differences. 

For example, Bergmann et al. (2012) used low and high arousal pic-

tures with a much longer delay period compared to other studies and 

found that visual WM performance was compromised for negative 
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pictures with both low and high arousal. The negative stimuli probably 

led to an increase in attention, thus generating a cost for the binding 

process. 

On the other hand, Li et al. (2010) used a brief mood induction with 

an emotional picture lasting 1 s, showing no effects of mood induction 

on the DMS. Finally, Garcia et al. (2011), who used two tasks, the DMS 

and the non-matching task, showed that negative emotional stimuli 

were better remembered than positive ones in the non-matching task, 

where more attention is needed.

CONCLUSION

In conclusion, we observed that the consequences of emotions on WM 

performance could be related to: (a) the moment that the emotional 

stimuli are applied, as a target or as induction previous to the task, and (b) 

how WM processing and storage is measured. More specifically, negative 

emotional pictures and negative video clips as mood induction, as well as 

negative words as the target of verbal updating tasks, may decrease per-

formance. Moreover, the reviewed papers showed that inducing negative 

mood before storage, span, and complex span tasks can reduce verbal and 

visuospatial WM capacity. The opposite pattern is observed for positive 

mood induction, which seems to increase the same type of WM tasks. 

Concerning interference resolution tasks, emotional words (either posi-

tive or negative) were better remembered than neutral ones. Nevertheless, 

mixed results were found among DMS tasks due to a wide variety of 

procedures used across papers. Finally, researchers must consider the 

WM processes involved in the tasks and the function of the underlying 

emotional stimuli, which could be crucial to explain results and for future 

replication (Ribeiro et al., 2018).
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