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Abstract
It is already well established that the working memory system can be influenced by moods or emotional stimuli. However, the
exact combined impact of these two on the performance of working memory remains a puzzle. To examine the effect that the
emotional content of stimuli has on working memory performance, 90 participants performed a 2-back task with emotional
content (positive, neutral, and negative words) when they were in a positive, neutral, or negative mood. Repeated-measures
ANOVAwith mood as between-subjects factor and emotional load as within-subjects factor revealed a main effect of emotional
content for both performance accuracy and reaction times in a 2-back task, and a main effect of mood for performance accuracy.
Participants reacted significantly faster to negative words independently of their mood state. They were significantly more
accurate when they were in the positive mood, but when they processed positive words they were less accurate. Additionally,
to test whether loading the working memory system can reset the combined effect of mood and emotional stimuli, we measured
the participants’mood before and after they performed the n-back task; this revealed a significant effect of the n-back task on the
mood. Together, these results suggest that although mood and emotional content do have a robust effect on working memory, in
some instances combining them does not heighten their individual effects. Moreover, the results also show that participants might
be easily distracted from moods by simply performing an n-back task.
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Introduction

A 1960s TV series called BStar Trek^ had a very distinctive
character: Spock. Besides his very interesting looks, what
mainly set him apart from the humans was the fact that neither
moods nor emotions had an impact on his cognition, actions,
or decision-making (Forgas 2000). Because of this huge role
that emotions play in our lives, psychology has devoted a
great deal of attention to how mood affects the working mem-
ory system. Working memory is understood as the Bability to
mentally maintain information in an active and readily acces-
sible state, while concurrently and selectively processing new
information^ (Conway et al. 2007, p. 3). BThis concept and its
limits is a key part of the human condition. […] We need
working memory too in language comprehension, […]; in

arithmetic, […]; in reasoning, […]; and in most other types
of cognitive tasks^. (Cowan 2005, p. 2). If mood may moder-
ate the influence of emotion on working memory functioning,
it seems extremely important to properly understand the com-
plexity of its relations. The disparate impact of mood on cog-
nitive functions has been repeatedly shown in several experi-
ments (e.g. Donovan and Kleinknecht 2007; Teasdale 1983;
Carpenter et al. 2007). For example, a positivemood improves
the performance of some executive functions, such as plan-
ning, switching between tasks, and refreshing (Phillips et al.
2002); on the other hand, negative mood has been shown to
impede performance in tests of problem-solving, working
memory, and attention (Cheng and Holyoak 1985; Spies
et al. 1996). Although the multiplicity of research complies
with the assumption that mood plays a key role in the func-
tioning of the working memory system, the exact effect on its
functioning is still not clear. There are several significant ap-
proaches to the subject.

Mood, regardless of its type (negative or positive), worsens
the functioning of working memory (Eysenck and Calvo
1992). When mood-congruent information is retrieved, re-
gardless of the mood type, or when subjects process intrusive
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thoughts or worries (Eysenck and Calvo 1992; Seibert and
Ellis 1991) that involve working memory capacity, task per-
formance deteriorates in contrary to the working memory per-
formance when participants are in the neutral mood.

On the other hand, mood plays an informative role in the
working memory system. A negative mood is seen as a mech-
anism that evolved to help anticipate potential dangers; there-
fore, it is treated as a warning sign that triggers careful exam-
ination and analysis of the immediate surroundings (Batson
et al. 1992).While a negative mood seems to trigger analytical
thinking, positive mood, which reflects a less stressful envi-
ronment, worsens task performance. Positive mood also im-
pairs certain working memory functions, such as planning,
reasoning, or assessing (Oaksford et al. 1996; Seibert and
Ellis 1991; Spies et al. 1996) because it triggers heuristic
thinking. There are reports, however, that a positive mood
has a facilitative impact on working memory processes (Isen
1999; Ashby et al. 1999). Performance on certain tasks signif-
icantly improves when participants are in a positive mood: it
facilitates creativity and flexibility and improves mood-
congruent recall of memories (Isen et al. 1987; Teasdale and
Fogarty 1979).

It is currently an open question as to whether the modula-
tion of working memory by mood occurs when the emotional
content of external stimuli is also manipulated. This could
affect what information is attended to (e.g., particular stimuli
or their attributes). The emotional content of stimuli is known
to affect the distribution of attention, such that emotional stim-
uli are likely to capture and hold attention (Pratto and John
1991; Reimann and McNally 1995) and gain prioritized pro-
cessing (Anderson and Phelps 2001; Dolan 2000; Tabert et al.
2001). Depending on task requirements, attentional biasing
toward emotional content could also have a detrimental effect
on working memory performance, especially when a partici-
pant is in a certain mood. Processing emotional content may
result not only in attending to emotional stimuli over non-
emotional stimuli, but also in a specific way of focusing at-
tention on the stimulus because mood impacts working mem-
ory performance. Although emotion-relevant stimuli usually
capture and hold attention, how working memory capacity is
distributed when a participant is in a certain mood remains an
open question.

Recently researchers have focused on the processing of
written emotional words. Emotional words evoke differential
responses than neutral ones, however regardless of the emo-
tional content they are often processed within a context: of the
prior paragraph or the inner emotional state such as mood.
Indeed the reader’s mood affects the recognition of emotion
words. In line with the mood congruency argument proposed
by Bower (1981), the processing is easier when the mood is
congruent with the emotional tone of the information, thus
suggesting a strong connection between people’s mood and
their cognitive processes. When discussing the effects that a

certain mood has on the recognition of emotionally-loaded
words, research has repeatedly shown that words that are not
congruent with the mood tend to be facilitated relative to the
ones that are incongruent with the mood (e.g., Small 1985;
Halberstadt et al. 1995; Niedenthal and Setterlund 1997;
Olafson and Ferraro 2001; Ferraro et al. 2003; Sereno et al.
2015), However, in their experiment Sereno and colleagues
(Sereno et al. 2015) showed a significant interaction between
participant mood and word emotionality when they performed
lexical decision task, the reported effects were not consistent
with mood-congruency effects. While positive and negative
mood facilitated responses regardless of emotional content of
a word, neither positive nor negative mood additionally facil-
itated responses to mood-congruent words.

Thus, here we aimed to shed an additional light on the
ongoing debate whether the mood has a facilitatory impact
on processing mood-congruent words within a working mem-
ory system. Here, we used a 2-back task with positive, nega-
tive and neutral words to establish whether we would observe
a combined effect of the mood and mood-congruent words.
Alternatively the modulation of working memory would oc-
cur due to the mood manipulation itself regardless of the emo-
tional content of the words.

Regardless of its type, mood burdens working memory
capacity. In order to gain attention, a new incoming stimulus
competes for resources with the stimuli already being proc-
essed. As more capacity is needed to perform a complex
working memory task, less capacity is left to sustain the neg-
ative mood. Therefore, its limited capacity facilitates distrac-
tion from the negative mood. Van Dillen and Koole (2007)
showed that performing a working memory task may distract
an individual from a negative mood, can reduce anger (Gerin
et al. 2006; Rusting and Nolen-Hoeksema 1998), or even de-
crease symptoms of depression in depressed participants
(Joormann and Siemer 2004; Morrow and Nolen-Hoeksema
1990). This replacement of the mood seems to work only
when participants are in a negative mood but not in the posi-
tive one (Van Dillen and Koole 2007). It could be due to the
different nature of the positive and negative mood. However,
if the mood were treated as incoming information that has to
be processed by the working memory system, mood, regard-
less of its type would be displaced from the working memory
system. To further test the notion of limited capacity of the
working memory system, we tested whether the participants
could be distracted from a negative and positive mood after
performing an n-back task. If both – negative and positive
mood, overload the working memory system, they would be
reduced to the neutral mood after performing an n-back task.

There are several ways to manipulate the mood of the par-
ticipants. For example, by having them listen to either
Bhappy^ or Bsad^ music, or by describing either Bhappy^ or
Bsad^memory. Although techniques used so far to manipulate
the mood state have resulted in expected, either positive or
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negative, mood state of the subject, what events participants
actually recall or whether the music is as sad for everyone,
seems rather difficult to measure.

Thus, in our study, we decided to evaluate another potential
tool aiming at mood manipulation, i.e. the Cyberball para-
digm. Cyberball, the virtual analogue to the ball-tossing para-
digm introduced by Williams et al. (2000), was commonly
used to study ostracism. During the online game participants
believe they are playing with two or three other participants,
while they are actually playing with the computer fully con-
trolled by the experimenter (Williams and Jarvis 2006). In the
ostracize condition, the participants receive the ball only few
times at the beginning of the procedure, while in the inclusion
condition they receive the ball regularly throughout the whole
game. Several studies using the Cyberaball demonstrated sig-
nificantly higher level of distress after being excluded from
the game (Eisenberger et al. 2003), and a decrease in reported
mood when being ostracized (Williams 2007; Ruggieri et al.
2013). Also, an fMRI study showed increased brain activity
similar to physical pain (Eisenberger et al. 2003). In
Cyberball, manipulation of the subjects’ mood is made possi-
ble by manipulating only one parameter – i.e. the number of
balls tossed. Thus, here we decided to use the Cyberball in-
stead of other mood manipulations.

Pilot Study

Method

We first conducted a pilot study in order to establish which of
the three-intensity mood manipulations would have the
greatest impact on mood fluctuations. We also tested the par-
ticipants’ performance accuracy in the 3-back task.

Participants Ninety participants (age: M = 21.12; SD = 2.01;
29 males) who were mostly undergraduates (not psychology
students) at Jagiellonian University took part in the experi-
ment. Participants were randomly assigned to one of the three
mood conditions (positive (n = 30), neutral (n = 30) or nega-
tive (n = 30)) and to one of the three intensity conditions (low
(n = 30), intermediate (n = 30) or high (n = 30)). They did not
receive any course credit or monetary compensation for their
participation.

Materials and Procedure

Mood To manipulate mood, we used the Cyberball paradigm
(Williams et al. 2000) with three different intensities. The
original settings (inclusion vs ostracism) were used to manip-
ulate neutral and negative moods, respectively. However, we
also added a third condition (positive), in which the ball was
tossed only to the participant during the whole procedure.

Thus, in the negative condition participants received the ball
only twice, in the neutral condition 7 times and in the positive
condition 15 times. The total number of balls being tossed
(between the participant and the other players), regardless of
the condition, was 30. The intensity of the manipulation dif-
fered among the participants. In the low-intensity condition,
participants were told that they were playing with two co-
players via the Internet. In the medium- and high-intensity
conditions, they played with the two participants sitting next
to them, who were actually the experimenter’s male and fe-
male assistants, while the participants played with the com-
puter. During the whole experiment participants were asked to
complete several questionnaires. Below we provide a descrip-
tion of the questionnaires used in the study.

Questionnaires Participants completed questionnaires relating
to their mood state at three-time points: before and after the
Cyberball procedure, and at the end of the study (after
performing the n-back task). In all intensity conditions partic-
ipants were asked to answer the same question: BWhich mood
state are you in now?^ Participants answered on a 7-point
scale (ranging from 0 – very negative to 6 – very positive)
(See Fig. 1 b). Additionally in the high intensity condition,
before playing Cyberball participants were asked to answer
15 questions concerning their mood state (e.g. BAre you
sad?^) and answered on a 7-point scale (ranging from 0 – very
negative to 6 – very positive). After playing the game they
were asked to additionally answer three open questions: 1)
How did you like the game? 2) What was the game about?
3) How did you feel during the game?

This allowed an evaluation of participants’ mood fluctua-
tions throughout the experiment.

N-Back The n-back task was performed on a 15-in. computer
screen with a resolution of 1366 × 768 and programmed in
PsychoPy v1.80 (Peirce, 2009); a grey background and a
black font were used for the instructions as well as the stimu-
lus. The words used in the experiment differed in the type of
emotional load (positive, negative, neutral). Prior to the pilot
study, all words were evaluated by fifteen independent partic-
ipants (mostly undergraduates at the Jagiellonian University,
mean age 25 years, range 20–29) on a 5-point scale (ranging
from −2 – very negative to +2 – very positive). This allowed
the choice of 72 words, allocated into three groups of 24. The
n-back task had 2-back, 3-back and 4-back sets. Each set was
also divided into three emotional loads: negative, positive, and
neutral. In every n-back variant (2-back, 3-back, and 4-back)
there was an equal number of emotional words of different
types (8 negative, 8 positive and 8 neutral). Every word was
displayed for 1000 ms with a 500 ms interval. Here we used a
3-back as a rule. During all this time (1500 ms), participants
responded whenever the current stimulus was the same as the
one presented 3 positions back in the sequence. The stimuli
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were presented sequentially. Every participant performed the
exact same n-back task (with a pseudorandom order) (see Fig.
1 a). We decided to present stimuli sequentially for two rea-
sons. A crucial thing in emotional and mood processing is
how the attention is distributed and shifted, thus sequential
way of presenting stimuli was the best option to test which
stimuli would gain attention and prioritized processing, the
effect that would not have been achieved if using a block
design. Secondly, mood can be vague and disappear quickly,
so our aim was to ensure that every stimuli category has the
same impact on the mood and vice versa.

Results

Statistical analyses were conducted with IBMSPSS Statistics 21.

Mood Manipulation To test which experimental manipulation
worked best, we ran paired t-tests between mood assessment
before and after playing Cyberball. In the negative mood con-
dition, with both intermediate and high intensity, the differ-
ence between the two measurements was significant (t(9) =
9.000, p < 0.001; t(9) = 8.232, p < 0.001, respectively). There
was no difference in the low intensity condition (t(9) = 0.688,
p = 0.509). In the neutral condition only the one with high
intensity was significant (t(9) = 3.674, p = 0.005; low and in-
termediate intensity were not significant (t(9) = 1.616,
p > =0.140, t(9) = 1.000, p = 0.343, respectively). In each of
the neutral intensity conditions, the average answer on the
Likert scale varied from 3 to 4 (neutral to a rather positive
mood). In the positive condition we found a significant differ-
ence only in the high intensity variant (t(9) = −2.400, p =
0.040). We failed to obtain significant results in the remaining
low and intermediate intensities (t(9) = −1.238, p = 0.247,
t(9) = −0.461, p = 0.656, respectively; see Table 1).

Therefore, considering that only high intensity manipulation
turned out to be significant in all mood conditions, we decided
to use the high intensity manipulation in the main study.

N – Back Task Participants performed a 3-back task after each
mood manipulation (positive, negative, neutral) in all intensi-
ties (low, intermediate, high) with emotional (positive, nega-
tive) and neutral words. The accuracy of the given answers in
this task was 43% (SD = 0.19).

Discussion

We tested whether the Cyberball paradigm (Williams et al.
2000), which differs across each condition in only one param-
eter, that is the number of balls tossed, could be successfully
used to manipulate participants’ moods. The results showed a
significant effect of mood manipulation in the high-intensity
condition. Thus, in the following Main Experiment, we ap-
plied only the high-intensity condition.

Performance accuracy in the 3-back task was below the
chance level; in the following experiment we used the same
n-back task with the only difference that participants were
asked to react with a 2-back rule.

Main Experiment

In the main experiment we tested whether the modulation of
working memory bymood occurs when the emotional content
of external stimuli is also manipulated, i.e. whether there
would be an interaction between mood and emotional content
of words, or alternatively no combined effect of those two
factors. Our reasoning here was that if there is a combined
effect of mood and emotional content of stimuli, the effects
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Fig. 1 a 2-back task with three experimental conditions: positive,
negative and neutral. Stimuli used in the experiment: e.g. neutral:
krzesło (chair), okno (window), stół (table), negative: igła (needle),
zabójstwo (murder), narkotyki (drugs), positive: tęcza (rainbow), niebo

(heaven), marzenie (dream). b Experimental Design: participants
completed questionnaires before and after playing Cyberball and at the
end of the study i.e. after performing 2-back task
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of mood and processing emotional words would be strength-
ened. For example positive words in the positive mood would
be processed slower than positive words in the neutral mood.
On the other hand, negative words combined with the nega-
tive mood would be processed faster than those in the neutral
one. Alternatively, mood and emotional content would be
processed independently, and we would not observe a signif-
icant interaction.

In the main part of the study, we further tested whether
mood, regardless of its type, loads working memory, and
whether these effects could be reset by simply performing a
working memory task. We tested whether loading working
memory (by using the n-back task) can attenuate the effects
of positive as well as negative moods.

Method

Participants Ninety participants (age: M = 21.42; SD = 1.92;
52 males) who were mostly undergraduates (but not psychol-
ogy students) took part in the experiment. Participants were
randomly assigned to one of the three conditions: positive
(n = 30), neutral (n = 30) or negative (n = 30) mood groups.
Participants received chocolate bars for taking part in the
study.

Materials and Procedure

Mood The high-intensity mood manipulation with the
Cyberball paradigm was used.

Questionnaires Participants completed all questionnaires
assigned to the high-intensity mood group. Before playing
Cyberball they were asked to complete a 15-item question-
naire concerning their mood state, and afterwards to answer

three open questions concerning the game. After each stage
they additionally answered the question BWhich mood state
are you in now?^ (see Questionnaires section above).

N-Back The n-back procedure was the same as in the pilot
study, with the only difference that participants were
instructed to react to a 2-back rule.

Results

Statistical analyses were conducted with IBMSPSS Statistics 21.

Mood Manipulation Paired t-test analyses were conducted for
the evaluation of the mood before and after playing Cyberball.
It showed that the experimental manipulation was successful
in the positive (t(29) = −2.262, p = 0.031), negative (t(29) =
11.276, p < 0.001), and neutral condition (t(29) = 6.440,
p < 0.001; see Table 2). After playing Cyberball, in a positive
condition, the mood of the participants significantly increased,
in a negative condition it significantly decreased, and in a
neutral one it significantly decreased, however remained on
the neutral level and was averaged as 3.57 (see Table 2).

N – Back TaskWe first tested the accuracy of the performance
in the given 2-back task. The accuracy was calculated sepa-
rately for each participants, and we decided to exclude three
participants from the final analysis due to their performance
accuracy in the 2-back task being below the chance level and
more than 3 standard deviations below the mean accuracy of
the group (38%, 34% and 17%). Thus, the final analysis in-
cluded 87 participants. The accuracy of the performance was
72% (SD = 3.33). First, we ran two-way repeated measures
ANOVA for RTs (reaction times) in the 2-back task for

Table 1 Mood Manipulation
before and after playing
Cyberball in all three intensity
conditions. Participants answered
the question: BWhich mood state
are you in now?^ on a 7-point
scale (0 – very negative to 6 –
very positive). Significance
levels: *p < 0.05, **p < 0.005,
***p < 0.001

Manipulation of the Mood State N M SD t

before after before after

Low-intensity Condition

Negative mood before vs after Cyberball 10 4.70 4.50 0.82 0.71 0.688

Neutral mood before vs after Cyberball 10 4.30 3.70 0.95 0.48 1.616

Positive mood before vs after Cyberball 10 3.70 4.50 1.77 0.97 −1.238
Medium-intensity Condition

Negative mood before vs after Cyberball 10 4.90 2.80 0.99 0.79 9.000***

Neutral mood before vs after Cyberball 10 4.60 4.00 1.51 1.56 1.000

Positive mood before vs after Cyberball 10 3.90 4.20 1.20 1.40 −0.461
High-intensity Condition

Negative mood before vs after Cyberball 10 4.80 1.60 1.31 1.06 8.232***

Neutral mood before vs after Cyberball 10 4.10 3.50 0.88 0.97 3.674**

Positive mood before vs after Cyberball 10 4.40 5.50 1.26 0.53 −2.400*
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emotional load conditions (positive, neutral, negative) as
within-subjects factor and mood conditions (positive, neutral,
negative) as between-subjects factor. This ANOVA revealed a
significant effect of the emotional load [548, 529, 471 ms for
positive, neutral and negative emotional load respectively F(2,
56) = 16.987, p < 0.001] but no significant effect of mood
[522, 512, 514 ms for positive, neutral and negative emotional
load respectively; F(2, 56) = 0.237, p = 0.790] and interaction
of mood and emotional load (F(4, 112) = 0.357, p = 0.839,
Fig. 2a). Post hoc tests using the Bonferroni correction re-
vealed that participants reacted significantly quicker to the
words with negative emotional content than to positive
(p < 0.001) and neutral ones (p = 0.001).

We then followed with a two-way repeated measures
ANOVA for the accuracy of the performance in the 2-back
task for emotional load conditions (positive, neutral, negative)
as within-subjects factor and mood conditions (positive, neu-
tral, negative) as between-subjects factor. This ANOVA re-
vealed a significant effect of mood [77%, 68%, 69% for pos-
itive, neutral and negative mood respectively; F(2, 56) =
6.202, p = 0.004] and a significant effect of emotional load
[65%, 75%, 74% for positive, neutral and negative emotional

load respectively; F(2, 56) = 11.157, p < 0.001] but we failed
to obtain an interaction of mood and emotional load (F(4,
112) = 1.740, p = 0.146; Fig. 2b). Post hoc tests using the
Bonferroni correction revealed that participants reacted more
accurately when being in a positive, compared to a negative
(p = 0.036) and to neutral (p = 0.009) mood, and the least ac-
curate when they processed words with positive emotional
content compared to negative (p = 0.002) and to neutral ones
(p = 0.001).

Distraction from the Mood We ran paired t-tests to measure
the difference in the mood before and after performing the n-
back task. As expected, a significant difference was found in
the nega t i v e and pos i t i v e cond i t i on s ( t ( 29 ) =
−5.308,p < 0.001, t(29) = 3.942,p < 0.001), but not in the neu-
tral one (t(29) = −0.797,p = 0.432; see Table 3).

To further investigate whether the significant effect of the
mood distraction after playing n-back was not caused by the
direct impact of the emotional words that may have influenced
mood (rather than the working memory load itself), we per-
formed a two-way repeated measures ANOVAwith mood con-
dition (positive, neutral, negative) as between-subjects factor,

Table 2 MoodManipulation in all experimental conditions. Participants answered the question: BWhichmood state are you in now?^ on a 7-point scale
(0 – very negative to 6 – very positive). Significance levels: *p < 0.05, **p < 0.005, ***p < 0.001

Manipulation of the Mood State N M SD t

before after before after

Negative mood before vs after Cyberball 30 4.67 2.77 0.76 0.63 11.276***

Positive mood before vs after Cyberball 30 4.37 4.77 0.67 1.01 −2.262*

Neutral mood before vs after Cyberball 30 4.63 3.57 0.85 0.68 6.440***

a b

Fig. 2 a Reaction Times in the 2-back task for all mood conditions
(positive, negative, neutral) and emotional load (positive, negative, neu-
tral). The repeated measures ANOVA revealed a significant effect of the
emotional load (p < 0.001) but no significant effect of mood or interaction
of mood and emotional load (ps > 0.3). b Accuracy of the performance in

the 2-back task for all mood conditions (positive, negative, neutral) and
emotional load (positive, negative, neutral). The repeated measures
ANOVA revealed a significant effect of the emotional load (p = 0.004)
and significant effect of mood (p = 0.002) but no significant interaction of
mood and emotional load (p > 0.1)

2848 Curr Psychol (2021) 40:2843–2852



emotional load of the words (positive, neutral, negative) and
task half (first, second) for the performance accuracy as
within-subjects factors. This ANOVA revealed a significant
effect of mood [76%, 67%, 67% for positive, neutral and neg-
ative mood respectively F(2, 58) = 3.924, p = 0.025], a signifi-
cant effect of emotional load [64%, 73%, 73%for positive, neu-
tral and negative emotional load respectively F(2, 58) = 12.652,
p < 0.001], and a significant effect of the task half [66%, 74%
for first and second half, respectively F(1, 29) = 16.338,
p < 0.001] but we failed to obtain any significant interactions.
Post hoc tests using the Bonferroni correction revealed that
participants reacted significantly better in the second half of
the n-back task in comparison to the first (p < 0.001).

We followed with a two-way repeated measures ANOVA
with mood condition (positive, neutral, negative) as between-
subjects factor, emotional load of the words (positive, neutral,
negative) and task half (first, second) for reaction times (RTs) as
within-subjects factors. This ANOVA revealed a significant
effect of mood [398, 342, 344 ms for positive, neutral and
negative mood respectively F(2, 58) = 4.322, p = 0.018], a sig-
nificant effect of emotional load [353, 385, 346 ms for positive,
neutral and negative emotional load respectively F(2, 58) =
3.880, p = 0.026], and a significant effect of the task half
(345, 378 ms for first and second half respectively F(1, 29) =
9.252, p = 0.005) but we failed to obtain any significant inter-
actions. Post hoc tests using the Bonferroni correction revealed
that participants reacted significantly slower in the second half
of the n-back task in comparison to the first (p = 0.005).

Discussion

In the present study, we argued that combining mood state
with emotional words would have a significant, combined
impact on the performance of the working memory. Our re-
sults show that, indeed, mood and emotional load have signif-
icant effect on the working memory performance, i.e. on the
accuracy with whichwe react to emotional stimuli being in the
certain mood and that working memory system would react
with different speed dependently of the emotional content of
words. However, our results speak in favour of the importance
of the mood and emotions in processing daily events, they do
not show a combined effect of mood and emotional content of
the stimuli.

In our study participants were significantly worse in the 2-
back task when processing positive emotional words in con-
trary to neutral and negative ones, and significantly better
when they were in the positive mood contrary to neutral and
negative one.Moreover, participants respondedmuch faster to
negative emotional words than to other word-categories (pos-
itive, neutral), independent of their mood state.

Our results are in line with previous research. Internal af-
fective cues, such as for example mood, direct the attention:
positive mood focusing on the whole picture while negative
mood - to the details (e.g., Easterbrook, 1959; Batson et al.
1992, Oaksford et al. 1996; Seibert and Ellis 1991; Spies et al.
1996; Gasper and Clore, 2002; Fredrickson and Branigan,
2005; Huntsinger, 2013; Sereno et al. 2015). These two trigger
holistic and analytical thinking, respectively. In our study we
show that words in the positive mood of the participants were
processed significantly more accurately compared to other
mood states. It might have been because positive mood trig-
gered heuristic thinking, and less stressful environment for the
participants, and in this case it facilitated the performance.
However, participants processed the words with positive emo-
tional content less accurately.

This result speaks in favour of the abovementioned hypoth-
eses, that the positive mood facilitates working memory perfor-
mance (Isen et al. 1987; Ashby et al. 1999). In this research
paper, however, we also argued that, combination of emotional
stimuli andmood would have a significant combined impact on
the working memory system. Our finding may indicate that
when the working memory system receives either ambiguous
information (positivemood combinedwith negative stimuli), or
simply receives too much simultaneous information (such as
when the negative mood is combined with negative stimuli), it
becomes overloaded, resulting in poor performance on the pri-
mary task. Another explanation is that emotions and moods,
often occurring together, differ significantly, and are thus proc-
essed separately by the cognitive system. Our result may be
considered in line with the Bmultiple-mechanisms^ view of
emotional awareness, which indicates that when emotional
stimuli in the visual modality are perceived, at least three corti-
cal areas are at play: the visual cortex, the substructures in-
volved in emotional processing, and those associated with at-
tention (for review see: Mitchell and Greening 2012).
According to this view emotional stimuli gain not only priority

Table 3 Changes in the mood before and after performing n-back task all conditions. Participants answered the question: BWhich mood state are you in
now?^ on a 7-point scale (0 – very negative to 6 – very positive). Significance levels:*p < 0.05, **p < 0.005, ***p < 0.001

Mood State N M SD t

before after before after

Negative mood before vs. after n-back 30 2.77 3.80 0.63 0.92 −5.308***
Positive mood before vs. after n-back 30 4.77 3.77 1.00 1.00 3.942***

Neutral mood before vs. after n-back 30 3.57 3.77 0.68 1.04 −0.797
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in processing but also in attention. Therefore, in our experiment
combining visually presented emotional stimuli with the mood
state of the subjects may have overloaded the working memory
system. On the one hand focussing on the emotional stimuli,
but on the other directing attention according to the current
mood state (i.e. positive mood would broaden the attention
while negative narrow it down). This is also consistent with
research showing that working memory has limited capacity
(Orzechowski et al. 2009).

Our results also show that the words with negative emo-
tional content would be processed much faster that other
words, independently of the mood of the participants.
Several recent studies support the notion of the Bnegativity
bias^, i.e. negative stimuli that elicit more rapid and more
prominent reaction than non-negative stimuli (e.g. Vaish
et al. 2008; Carretié et al. 2001). Consequently, negative stim-
uli gain attention and prioritized processing. For example,
subjects look longer at the photos that present a negative sit-
uation or a negative facial expression (e.g. Fiske 1980) and
blink more when processing negative words compared to pos-
itive ones (e.g. Fogarty and Stern 1989; Ohira 1996; Ohira
et al. 1998).

Secondly, here, we replicated findings that indicate that a
negative mood can be successfully replaced from the working
memory system after a cognitive task is performed. Also, we
observed that a significantly lower (neutral) mood was expe-
rienced by participants after performing the n-back task in the
negative condition. What is particularly striking is that we
managed to show that positive mood might be displaced as
well. We propose that, the working memory system treats
mood as an incoming stimuli, and regardless of its type, treats
it according to the same principles as other incoming stimuli,
and thus can be replaced from the working memory system.
This might further suggest that both positive and negative
mood operate according to the same principles.

Our finding fits well with neuropsychological studies
showing that the more we activate the higher cognitive mech-
anisms of attention and controlled processing, the less we
involve the brain regions responsible for processing emotions
(Cohen et al. 2001; Hariri et al. 2000; Northoff et al. 2004),
and vice versa (Bishop et al. 2004). We also show that distrac-
tion from both negative and positive moods is possible by
simply performing a working memory task. As expected, par-
ticipants reported a neutral mood after performing the n-back
task in both the negative and positive conditions. According to
the previously mentioned research, working memory tasks
may not only be a distraction from a negative mood (Van
Dillen and Koole 2007), but people may also reduce anger
as a result of performing working memory tasks which act
as distractors (Gerin et al. 2006; Rusting and Nolen-
Hoeksema 1998). The new incoming stimuli, while complet-
ing a working memory task, have to compete for working
memory resources and attention. When more capacity is

needed to perform another action in the working memory
system, there is automatically less space for processing mood.
However, according to our results, the positive moodmay also
be reduced in order to gain more capacity for other tasks.

This result may, however, raise a few concerns. We report
the significant decrease in the manipulated mood after
performing the n-back task. While at the beginning of the n-
back procedure subjects were in a particular mood, at the end
they reported a neutral one. Therefore, in principle it would be
possible that, regardless of their initial state, their mood
changed back to neutral within the first few trials of the n-
back task. However, if it were the case, we would not have
obtained the main effect of the mood and emotional load on
the working memory performance. However, while we show
that the effect of the mood and emotional load was present
during the experiment, it decreased in the second half of the n-
back task. Indeed, participants responded significantly slower
in the second half of the experiment. Therefore it constitutes a
further evidence of replacing mood from the working memory
system, causing less confusion and less overload.

To the best of our knowledge, our study is the first of its kind
to look at a range of emotional social situations (positive, neg-
ative, neutral) and working memory capacities while
employing a highly controlled experimental manipulation of
mood, with only one parameter that changed between the con-
ditions (i.e. the number of balls being tossed in Cyberball).
After playing in the ostracism condition (in our study referred
to as negative mood condition), students reported significantly
lower mood state – i.e. a negative one. Compared to the non-
ostracized students (in case of our study - those being in the
positive and neutral mood condition), young adults being os-
tracized reported a significant decrease in their mood state after
playing the game, replicating previous findings (Ruggieri et al.
2013). Our results correspond well to the previous research
indicating that even short periods of being socially excluded
by non-significant others may lead to a significant decrease in
the mood state. Additionally, they show significant increase in
the mood state when participants are socially included.

Although we have replicated some of the previous find-
ings, our results did not clearly show what effect the combi-
nation of emotional words and moods has on the working
memory. This discrepancy could stem from a number of dif-
ferent issues, including the application of the unique experi-
mental paradigm we created. Although we have not entirely
excluded the possibility that the mood itself decreased with
time during performing the n-back task, the task itself lasted
no longer than 15 min. Since there is no intentional object that
causes the mood state, the mood can last much longer than
minutes. Thus under assumption of limited working memory
capacity, we argue that mood, seen as an incoming informa-
tion, was replaced from the system, by performing an n-back
task. Nevertheless, further studies should be conducted to al-
low for a fuller understanding of the subject.

2850 Curr Psychol (2021) 40:2843–2852



The current results, however, support the view that mood and
emotional content of words play a key role in processing incom-
ing information, even though they do not interact with each other.
Although emotions and mood often co-occur, they are usually
mistaken for one another and have a significant impact on the
working memory, but not a combined one. Small everyday
events that influence mood may substantially impair or enhance
the performance of working memory. Here, we have shown that
not only we can manipulate mood without major difficulties (by
simply doing a math task), but also that, at least partially, the
nature of both positive and negative mood overlaps, despite the
different neuronal networks at play.We also shed additional light
on the working memory system, which seems to perceive both
positive and negative moods in a similar way.
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