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A B S T R A C T

Background: Theoretical frameworks have shown that stress might influence working memory in different ways.
Previous research has investigated the effect of stress on female's working memory but there is lack of evidence
regarding the impact of emotional aspects.
Objectives: This study examined the effect of stress induction on auditory working memory (AWM) performance
among university students for emotional (positive and negative) and non-emotional (neutral) stimuli.
Methods: A sample of 102 female students at the Universities of Isfahan, Iran was selected using convenience
sampling in 2018. Participants completed the demographic information sheets, then, they were randomly
assigned into the experimental and control groups. The stress was induced by the Socially Evaluated Cold Pressor
Test (SECPT). An n-back task was presented pre and post of stress induction, to evaluate the AWM performance
(accuracy and reaction time). The research data were analyzed using mixed-model ANOVA.
Results: Both accuracy and reaction time (RT) scores were found to be enhanced for positive words in the
experimental condition. However, accuracy and RT indices were found to be worsening for negative words in the
experimental condition.
Conclusions: This study supports the idea that stress influences AWM performance depend on emotionally-
valenced stimuli, which may help us to better understand the underlying mechanisms of memory processing.
1. Introduction

Previous research has shown that stressful and emotional events are
among the factors which adversely affect learning and memory with long
term consequences (Marin et al., 2019; Roozendaal, 2000). Memory is
considered as a mental process that plays a major role in everyday ac-
tivities. It refers to the brain's capability of encoding, storage, and
retrieval of information (Piaget and Inhelder, 2015). Since the intro-
duction of the term “memory” in the 1880's by Hermann Ebbinghaus,
many research studies have tried to appropriately categorize this concept
(Chai et al., 2018). Knowledge on memory characteristics and functions
may help us to better understand how real-life experiences such as
emotions, stressors, and relationships might have an influence on it. In
other words, our emotional state at the time of an event can affect our
ability to memorize its details andmight positively influence the accurate
recall of related information.
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1.1. Working memory

Working memory (WM) as a type of human memory has attracted
scientists since its introduction in the 1960's (D'esposito & Postle, 2015).
WM –active state or immediate memory-involves a set of processes,
which are actively responsible for temporarily and simultaneously
manipulating, managing, and storing information in complex cognitive
tasks. WM uses information from both short-term and long-term mem-
ories to group and organize the data properly (Cowan, 2008). Addi-
tionally, WM is a mental function that meets immediate needs and is
associated with the functions of the dorso-lateral pre-frontal cortex
(Barrouillet and Gaillard, 2010). It plays an important role in concen-
tration, learning, and remembering instructions. Cowan (2008) showed
that WM capacity is linked to cognitive competencies such as attentional
control. Cowan's findings (2008) revealed that WM significantly corre-
lates with cognitive capacity, which in turn is associated with the ability
021
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to control attention. Moreover, WM consists of various functions,
including the “central executive” that manages and coordinates a number
of tasks needed. According to the recent models of WM (Baddeley, 2003;
Zimmer, 2008), two types of WM can be distinguished: visual and
auditory WMs. Auditory working memory (AWM) is a type of memory
that maintains internal speech for verbal comprehension and phonolog-
ical training (Colman, 2015). It keeps sounds in mind for a short time
when they are no longer present in the environment. It is known as
“phonological loop” (speech-based information) in Baddeley and Hitch's
(2000) model. This type of memory is more associated with the left
dorso-lateral pre-frontal cortex (Rodriguez-Jimenez et al., 2009). More-
over, it is also known as the “dorsal stream” or the “where pathway”
(Kaiser, 2015). WM is an interesting topic for both basic and clinical
studies, thus, it is important to clarify factors that influence its function.
Due to lack the of experimental evidence, here, we examined the effect of
stress on AWM.

1.2. Working memory and stress

Prior research studies have found that WM can be affected by
different factors, such as stress (Shields et al., 2019; Shields et al., 2017).
Stress (either real or perceived) can influence the balance between the
requirements of the situation and the biological, psychological, and so-
cial resources of an individual, which may result in dysfunctional mental
activities. By definition, stress leads to imbalances in the homeostasis of a
person who needs a compatible response (Steckler et al., 2005), and
stressors can be either external (like social situations) or internal (like
psychological problems). In the current study we applied a social form of
stress. In regard to memory, stress can affect its processes (during
encoding and retrieval stages) and the related functions (accuracy, effi-
ciency, reaction time). According to the Inverted-U Theory, the response
to stress can vary from person to person and from time to time for the
same person (Sapolsky, 2015).

Although both high and low levels of stress are associated with
changes in memory performance, the ways in which stress relates to
both positive and negative effects on working memory is still unclear.
For example, stress can facilitate memory performance in a short
period of time after learning (Roozendaal, 2000), but it can inhibit
memory in a short period of time before learning (Kuhlmann et al.,
2005). Some studies have also reported that stress can increase
memory performance (Cahill et al., 2003; Smeets et al., 2008; Lukasik
et al., 2019). However, other studies have shown that stress can
impair memory performance (Buchanan and Tranel, 2008; Colman,
2015; Khayyer et al., 2017).

Luethi et al. (2009) studied the effect of social stress on the
different aspects of the human memory (neutral materials for explicit
and working memories and emotional stimuli for implicit memory).
Their results revealed that verbal WM impairment was related to
coping with stress. They also found that stress led to an increase in
classical conditioning for negative stimuli and improved spatial WM.
Coping with stress activates the hypothalamic-pituitary-adrenal (HPA)
axis. Consequently, stress released hormones affect the central nervous
system, especially amygdala and hippocampus (these structures are
mainly involved in processing cognitive and affective information).
These hormones pass through the blood-brain barrier (BBB) due to
their lipophilic nature. They soon influence neural and behavioral
functions, including memory, via limbic system and its related struc-
tures (Roozendaal et al., 2006).

Most people experience anxiety and stress simultaneously with an
increased level of vigilance in the nervous system. In the case of
anxious people, there is an attentional bias toward negative stimuli,
such that these people are more sensitive to stressful and threatening
stimuli (Eldar et al., 2008). Eysenck et al. (2007), revealed that anx-
iety damages cognitive functions by increasing the role of bottom-up
processing. The higher the anxiety, the higher impairment in atten-
tional processing.
2

1.3. Working memory and emotion

Human cognition and emotions are closely linked together. Emo-
tions are divided into positive and negative ones with regard to
experienced psychophysiological changes. Negative emotions limit
thinking, but focus our attention, while positive emotions allow us to
think more broadly, which enables creativity and problem-solving
(Norman, 2003). Based on neuropsychological theories and studies
conducted on amygdala-hippocampus interaction, it is revealed that
amygdala is responsible for encoding and storing emotional informa-
tion (Blanchette and Richards, 2010; Brosch et al., 2010; Levine and
Edelstein, 2010). For example, emotions can trigger the information
processing by capturing the attention and stimulating the organism.
Indeed, amygdala may receive information about the emotional sig-
nificance of stimuli long before stimuli processing and enhance later
perception of emotionally salient events (Phelps, 2004). Moreover,
some studies have revealed that amygdala plays a moderating role in
consolidating the hippocampal memories by controlling stress hor-
mones (McGaugh and Roozendaal, 2002; Schoofs et al., 2013).
Therefore, it can be claimed that emotional valence, besides hormonal
activity, is among the main factors influencing information processing
because many cognitive processes such as attention, learning, memory,
judgment, and interpretation are affected by emotional states (Eysenck
and Calvo, 1992). Emotional stimuli may interfere with cognitive
processes that underlie memory performance in both clinical and
general population. For instance, patients with Traumatic Brain Injury
(TBI) show difficulty in recognizing fear, anger, and disgust and
perform worse on negative emotions during WM tasks (Rosenberg
et al., 2015). In another study by Baker et al. (2016), individuals with
chronic pain showed severe impairments on WM and emotional con-
trol, especially for negative emotional states. Consistent with
“Emotional Impairment Hypothesis”, Garrison and Schmeichel (2019)
demonstrated that WM capacity was reduced for emotional words
rather than neutral words due to interference with active maintenance
of information and attention control.

Moreover, Fairfield et al. (2015) reported that WMmight be impaired
when a longer list of emotionally valenced words is presented to the
participants. These results were explained by lack of executive resources
and participants' low scores on the accuracy index (one of the indices
used to measure memory). These findings indicate that with an increase
in the mental effort, there was a decrease in the amount of resources
required for processing of emotions. This was more evident for more
complex cognitive tasks. Thus far, we hypothesized that WM function
may decrease in relation to emotional stimuli.

1.4. Working memory and gender specific studies

As we mentioned above, stress has been shown to influence WM.
However, women's cognitive functions have not receivedmuch attention.
Rodent studies have reported that female rats show stronger WM deficits
after stressful events (Shansky et al., 2006). Although most studies on
effects of stress on WM have examined men (Oei et al., 2009; Schoofs
et al., 2009; Schoofs et al., 2008), there is limited evidence regarding
female participants. Likewise, fewer studies have investigated the audi-
tory type of WM. In addition, according to the controversial nature of
findings in this field of study, one of the purposes of the current research
was to investigate young educated female participants. It may help the
scientists to find more information about the underlying mechanisms of
WM in women. With regard to previous studies, women employ different
psychological and physiological patterns of stress responses. For
example, women suffer more stress than men, and their coping strategy is
more emotion-based than problem-focused (Patel et al., 2008). Further-
more, cortisol response to stress is at lower levels in women thanmen and
the hypothalamic–pituitary–adrenal (HPA) axis response is slower
among women due to the levels of the female sex hormones (Kudielka
and Kirschbaum, 2005).
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The effects of stress on learning and memory have been much
investigated in human and animal studies but few studies have investi-
gated AWM performance (including accuracy and reaction time) in a
non-clinical population. Furthermore, studies have reported contradic-
tory (for instance in the study of Roozendaal, 2000, stress increased
memory capacity and in the study of Kuhlmann et al., 2005, stress
decreased memory capacity) or ambiguous results in this regard.
Therefore, this study aimed to determine the effect of stress induction on
AWM among the university students by focusing on
emotionally-valenced stimuli. In addition, we hypothesized that acute
social stress may impair the function of negative stimuli while it im-
proves positive stimuli. This paper attempts to increase the psychologist's
knowledge about the relationship between AWM and understanding
emotional speech in healthy adult women. This paper also examines
current literature on AWM and provides a brief overview about working
memory associated with perceived stress.

2. Methodology

2.1. Participants

The statistical population consisted of all the students of three
universities in Isfahan city, during the academic year 2018–2019. A
sample of 102 female students was selected through convenience (and
also purposeful) sampling method. This sample size was determined by
G-power software. With regard to similar studies (Quesada et al.,
2012; Schoofs et al., 2008), effect size (Cohen's d ¼ .5), Statistical
power (1-β ¼ .8), and allowable error (α ¼ .05) were determined. The
inclusion criteria were: Iranian nationality, being female, aged be-
tween 18 and 35 years, being university student, no drugs of abuse, no
mental and physical problems, not using any medication (applying the
12-item General Health Questionnaire). All female participants were
free of hormonal contraception and were examined outside of men-
strual cycle (self-report). The mean age of the participants was 23.53
(SD ¼ 4.1) years. The participants were recruited through printed
advertisements on notice boards in different departments at three
universities. Moreover, the participants were selected from different
educational levels and fields of study and were randomly assigned into
two groups-with and without stress. All of the participants signed the
consent forms, and the researcher ensured to maintain confidentiality
of information collected from them. The study was conducted in
accordance with the declaration of Helsinki and the Research Ethics
and Governance Committee at University of Isfahan approved the
study protocol.

2.2. Measures

2.2.1. N-back task
The N-back task was first developed by Kirchner (1958). The

computerized version of the n-back task (Jaeggi et al., 2007) was used in
this study to measure the WM capacity. Since the n-back task can be used
for both storing and manipulating information, it is widely used in
measuring WM capacity (Chen et al., 2008). In this test, a sequence of
auditory stimuli on a computer monitor was administered to the partic-
ipants. Based on 1-back task, the participants were required to tap the key
1 in case of the similarity of any stimulus with the previous stimulus and
tap the key 0 in case of any dissimilarity between them. Stimuli were
presented at an interval of 2 s. The validity of the n-back task (for all three
types of emotions) was determined by the convergent validity, which is
one type of construct validity. To do so, the digit span short-termmemory
test (Wechsler, 1997) and n-back task were administered to the partici-
pants (both were in computerized version), and the correlation coeffi-
cient of negative, positive, and neutral stimulus were .71, .81, and .85,
respectively. Moreover, the reliability of the computerized auditory
n-back task has been reported .83 applying test-retest method on ten
volunteer students.
3

The test-retest reliability was used to determine the reliability of the
n-back task. To do so, the n-back task was administered to a volunteering
group of 10 same-age students with one week interval. The Pearson
correlation coefficient of the scores of these participants was .83, indi-
cating a good reliability. In the current study, we used 100 Persian words
(Abbasi, 2011) including equal numbers of neutral (such as table, light,
coach), positive (such as love, spring, holiday), and negative (such as
death, evil, failure) valence in line with the research goals. The
researchers-made auditory n-back task was applied in this study and took
7 min to complete. Additionally, the reaction time and response accuracy
(AWM performance indices) measures were recorded.

2.2.2. The Socially Evaluated Cold Pressor Test (SECPT)
The participants in the experimental condition were asked to immerse

their non-dominant hand into ice-cold (0–2 �C) water for 3 min (with
videotaping). The participants in the control condition were asked to
immerse their hands (non-dominant) in room-temperature (35–37 �C)
water (without videotaping). Videotaping was used as an element to
induce stress. Tolerance time was recorded, then, the cold immersion
participants rated the intensity of the felt pain during the test. The Cold
Pressor Test (CPT) is a cardiovascular test associated with experimental
pain induction. This test is widely used in stress induction studies,
investigating the effect of stress on a variety of stimuli. It significantly
activates the autonomic nervous system and also the Hypothal-
amic–pituitary–adrenal (HPA) axis (McGrath, 2006; Schwabe et al.,
2008). The findings of the previous studies have revealed that CPT is
effective in learning tasks related to WM performance (Duncko et al.,
2009; Duncko et al., 2007).

2.2.3. The 12-item general health Questionnaire-12 (GHQ-12)
GHQ-12 was developed by Goldberg in the 1970s. In Persian popu-

lation, reliability analysis demonstrated acceptable result (Cronbach's
alpha coefficient ¼ .87). Convergent validity showed a significant
negative association between the GHQ-12 and global quality of life scores
(r ¼ -.56, P < .0001) (Montazeri et al., 2003).

2.3. Study design

This study is a quasi-experimental pretest-posttest control-grouped
research. The within subject factor, i.e. AWM performance, was
measured in terms of accuracy and RT with regard to emotional-valenced
stimuli with two levels (emotional and non-emotional). The between
subject factor of the study was condition (experimental or control).
Participants were randomly assigned into experimental and control
groups. In “experimental” condition we had stress induction and in
“control” condition there was no stress induction.

2.4. Procedure

All of the participants involved in the experiment were separately
tested and were asked to refrain from eating, drinking, and smoking one
hour before the experiment. Before the start of the experiment, the par-
ticipants completed the demographic information sheet, general health
questionnaire, and signed the informed consent form. Then, they were
interviewed to disclose whether they had a history of any special physical
or mental disease, and the intake of any special pills. Participants were
compensated for their time with monetary payment. After screening
phase, they were randomly assigned into the experimental and control
groups by flipping a coin. Then, n-back AWM was performed as pre-test
for both conditions. Afterwards, participants in the experimental condi-
tion underwent the stress induction process by immersing their right
hands into ice-cold water for 3 min while being videotaped. At the same
time, a distracting sound was played in the environment (white noise) as
mentioned in SECPT protocol. However, participants in control condition
immersed their hands into room-temperature water without being vid-
eotaped, listening to the distracting sound, and being watched by an
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examiner (they received no intervention). After two minutes the n-back
task was administered in post-test stage to the all participants (when the
stress levels reached its peak). Participants were asked to use their index
finger of their dominant hands and press NumPad 1 if the word was
similar to the previous one and press the NumPad 2 if the word was not
similar to the previous one. To prevent the practice effect, a parallel
auditory version of the test was administered to the participants in post-
test stage.

2.5. Statistical analysis

The data were analyzed by the 2 (condition) x 2 (time) x 2 (emotional
valence) mixed-model ANOVA. It was performed with Condition
(experimental vs. control) as between-subject factor and WM indices
(accuracy pre-test vs. accuracy post-test and RT pre-test vs. RT post-test)
as within-subject factors. The response accuracy and RT as the indices of
AWM performance were measured pre and post in both experimental and
control conditions. Stress condition was assumed as between subject
factor. The data were analyzed applying SPSS version 23.

3. Results

3.1. Demographic data

The demographic information is presented in Table 1. Data reported
in Table 1, demonstrated that most of the participants were single (66%),
aged between 18 to 23 years old (84%), studying in bachelor degree
(69%), and have no job (75%). All of them were university students who
lived in Isfahan. The mean age of the participants was 22.8 � 5.01 years.

3.2. Descriptive statistics

Mean and standard deviation of AWM performance are reported in
Table 2. According to Table 2, the mean scores of both accuracy and RT
were greater for the positive words while the mean scores of these
aforementioned indices were lesser for the negative words. In addition,
AWM indices did not show any changes with regard to the neutral words.

3.3. Model assumptions for mixed model ANOVA

All of the ANOVA assumptions such as normality, multicollinearity,
homogeneity of variance, and sphericity were checked before carrying
out the analysis. The results demonstrated that all study variables were in
Table 1. Demographic information.

Variable Frequency Percent (%)

Age

18–23 86 84%

24–29 10 9%

30–35 6 7%

Marital status

Single 68 66%

Married 32 31%

Divorced 2 5%

Educational level

Associate Degree 6 7%

Bachelor 71 69%

Master 21 20%

PhD 4 6%

Participants' job

No job 77 75%

Formal job 5 8%

Informal job 20 19%

4

normal distribution applying Kolmogorov–Smirnov test. Furthermore,
Levene's test was not significant for none of the variables. Also, depen-
dent variables were not significantly associated. Moreover, Mauchly's
test of sphericity was not significant.
3.4. Analysis of variance of AWM performance indices

This section presents the results of the mixed model ANOVA for AWM
performance indices, including accuracy and RT. These indices consisted
of response accuracy index, including accurate response scores of the
participants to the target stimuli, and RTs (reaction time of the partici-
pants to the target stimuli). Before caring out the analysis, ANOVA pre-
requisites were performed. The Shapiro-Wilk test was used to determine
the normality of the distribution of the scores. The results demonstrated
the normal distribution of the scores in the pre-test and post-test stages.
The equality of variances assumption was analyzed by the Levene test.
The results revealed that the assumptionwas verified for all the variables.
The ANOVA results for the main effect of our within-groups factor were
significant. The ANOVA results for our between-groups variable (condi-
tion) showed significant changes.

A 2 (Time) x 2 (condition) x 2 (emotional valence) mixed-model
ANOVA revealed that the main effect for condition was significant F
(6,89) ¼ 14.7, p < .05. Thus, experimental condition was different in the
task scores of WM compared to control condition. A significant main
effect for Time was obtained, F (2,36) ¼ 8.59, p < .05. WM indices after
the stress induction were significantly different than before the stress.
Furthermore, a significant main effect for emotional valence was
observed, F (3,241) ¼ 9.30, p < .05.

Moreover, a significant Condition x Emotional valence was also ob-
tained, F (2,86) ¼ 7.67, p < .05. With regard to this result, accuracy and
RT of emotional words (positive and negative) were statistically signifi-
cant in experimental condition in comparison to “no stress” condition.
However, no significant changes were found with regard to none-
emotional words between experimental and control conditions.

4. Discussion and conclusion

This study investigated the effect of stress induced by SECPT on AWM
performance of the participants under two different conditions. Our
findings revealed that, stress induction lead to alter AWM performance in
experimental condition, i.e. the number of accurate responses and reac-
tion time were increased. Precisely, both accuracy and reaction time (RT)
measures were found to be better for positive words in experimental
condition. However, accuracy and RT indices were found to be wors-
ening for negative words in the experimental condition. As regards
negative words, our findings are in line with Moran's (2016) and Khayyer
et al. (2017) studies that demonstrated that increased stress and anxiety
are associated with weaker WM performance (emotional impairment
hypothesis). It may be justified by the fact that stress increases the like-
lihood of cognitive errors due to possible impairments in individuals'
attention and concentration (Farhad Beigi et al., 2011). It has been
exhibited that during stress, controlled attention resources are decreased
as they are assigned to the potential threat (Klein and Boals, 2001).
Negative stimuli increases arousal in nervous system (arousal hypothesis)
and arousal causes to shift the processing information from hippocampus
to amygdala, which in turn impairs memory associations (Madan et al.,
2017). On the other hand, processing negative words requires greater
sorting cost in comparison to positive or neutral words (Joormann et al.,
2011). Furthermore, in line with a study by Glazebrook et al. (2016),
auditory modality was greatly influenced by non-relevant environmental
visual stimuli. In addition, mental efforts of the participants in perceiving
several positive, negative, and neutral words and simultaneously
deciding whether they were repeated or not, in spite of the distracting
sound in the environment, may be another explanation for decreased
AWM performance under stress (Hammond, 2000).



Table 2. Mean and standard deviation of study variables in both conditions.

Variables Experimental condition Control condition

pre post pre post

M � Sd M � Sd M � Sd M � Sd

Accuracy (Positive) 4.9 � .41 8.34 � .42 4.3 � .28 4.04 � .29

Accuracy (Negative) 4.02 � .36 1.5 � .37 3.77 � .38 3.55 � .39

Accuracy (Neutral) 3.34 � .3 4.06 � .31 3.53 � .45 3.8 � .46

RT (Positive) 13.04 � .75 9.52 � .77 13.27 � .46 12.97 � .47

RT (Negative) 13.16 � .12 18.21 � .12 12.43 � .24 12.66 � .25

RT (Neutral) 12.18 � .13 13.31 � .14 12.15 � .29 12.48 � .3

M ¼ mean, Sd ¼ standard deviation.
Italics are statistically significant.

Z. Khayyer et al. Heliyon 7 (2021) e06876
In addition, our findings revealed that accuracy scores of negative
words were decreased among participants in experimental condition and
this is in line with Schoofs et al. (2013). Evidence suggests that higher
attentional sensitivity during processing of negative items could impair
memory function. On the other hand, women usually use more threat-
ening appraisal under stressful situations and view those situations as
unchangeable, which in turns might lead to more impairments in
cognitive performance (Banyard and Graham-Bermann, 1993). More-
over, different factors such as different times (mornings vs. afternoons)
for measuring memory capacity after stress induction (given the rhyth-
mic nature of cortisol release, which is higher in the morning than in the
afternoon) (Elzinga and Roelofs, 2005) and different cognitive loads
correlated with test items (high vs. low) (Oei et al., 2006) may be
differently involved in WM impairment. We suggest setting more similar
experimental conditions for all the participants in future studies would be
useful.

With regard to positive words, our findings are not in accordance
with the results of Jo€els et al. (2006) and Lukasik et al. (2019). Our
results revealed that participants scored better in terms of response
accuracy index for emotionally positive stimuli. This finding may be
justified by the fact that emotionally arousing experiences tend to be
well remembered (Roozendaal, 2002). In addition, Zimmerman and
Kelley (2010) found that positive words were remembered better than
neutral words (valence hypothesis). In spite of negative stimuli, posi-
tive ones are recalled with accordance to the degree of pleasantness,
which leads to greater general processing (Fredrickson and Branigan,
2005). However, anxiety or stress might lead to more focus on
negative stimuli which in turns lead to limited attentional control
(Eysenck et al., 2007).

Moreover, the uses of the right hand in AWM test and consequently
the processing of the incoming information by the left hemisphere of the
brain (cross wiring of the hemispheres), which is responsible for pro-
cessing positive emotions, (see Davidson's theory of mind) may account
for this. This finding is consistent with Luethi's et al. (2009) who studied
the effect of social stress on WM in healthy people. They revealed that
auditory-verbal WM impairment was related to stress. Moreover, stress
led to increased classical conditioning for negative stimuli and improved
spatial WM performance. In sum, they found that acute stress impairs
WM performance.

Furthermore, RTs of positive words were less than that of non-
emotional stimuli, while negative words were associated with longer
RTs. This implies a difference in the degree of activation of the autonomic
nervous system based on the emotional level of the stimuli. In the case of
negative stimuli, since amygdala (the center for processing emotions in
the brain) is more activated, reaction time is increased (Schwabe et al.,
2008). This finding is consistent with the findings of Cornelisse et al.
(2010).
5

Moreover, the lack of effect of stress on AWM performance of the
positive stimuli may be explained by being in the first versus second half
of the menstrual cycle of our participants (Tersman et al., 1991). Thus,
we suggest to consider this as a between subject factor in future studies.
For instance, Gasbarri et al. (2008) studied WM performance for
emotional facial expressions in young women in different phases of the
menstrual cycle. They found that high levels of estradiol in the follicular
phase may have a negative effect on WM performance of the women,
with regard to emotional stimuli processing. Moreover, the percentage of
making errors retrieving test items was significantly higher for the
emotional facial expressions of sadness and disgust in the follicular
phase, in comparison to the menstrual phase.

With regard to neutral words, our findings revealed no significant
differences between experimental and control condition. These results
are in line with Mammarella et al. (2013) study. They showed that WM
capacity increases in emotional information because emotional stimuli
enhance processing resources and attract attention. Furthermore, in
addition to emotionally-based information in processing auditory infor-
mation in WM, bigger brain's network including auditory cortex, hip-
pocampus, and frontal area are active. According to emotional
enhancement hypothesis, emotional information attracts attention and
organizes processing resources; thus far easier to store in working
memory relative to neutral stimuli.

4.1. Conclusions

Discovering the ways in which stress influences women's memory
might help us understand the mechanisms responsible for the link be-
tween stressor factors and memory functions. For instance, one can
investigate whether a biological mechanism, such as gender, influences
memory retrieval of auditory items. In addition to female memory
characteristics, type and intensity of stressor, including emotional
valence and arousal, might have different effects on memory processing
strategies. Moreover, we conclude that all the above-mentioned factors
are essential to construct a more comprehensive model that defines the
role of stress in memory function.

This implies that strategies that enhance memory competencies in
relation to emotional stimuli are likely to increase cognitive functions in
general. For example, some positively-valenced material could serve as a
buffer for other positive emotions when facing distressing social events.
Finally, the authors suggest there is a need to review the concepts such as
social roles, individual life style, hormonal state of women experiencing
stress. Carrying out mediating analysis may also be helpful in finding
more data regarding the fundamental process of memory functions under
stress.

These results support the potential utility of individualized cognitive
promotion intervention for women who play different roles in work,
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family, and social situations, in order to improve quality of mental life by
focusing on gender differences.

5. Study limitations

Although this study provides important insights into the relationship
between cognition and emotion, student-based population, only female
subjects, and ignoring the different subcultures denote some limitations.
Thus, replication of the study in other and bigger samples and different
cultures is necessary. In addition, it is recommended that researchers
examine whether implicit variables, including endocrine and nervous
systems, do mediate memory processing under stress for different
emotional stimuli.
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