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Abstract
This study examined the effect of emotional stimuli on working memory and face recognition efficiency.  Additionally, 
it examined the interplay of depressive symptoms with the performance of participants. Participants were random-
ly assigned to watch a positive, negative or neutral video and complete a digit span task and a face recognition task 
before and after being exposed to the stimuli.  Results from repeated measures MANOVA indicated a significant main 
effect of stimuli on both tasks, with participants assigned to the positive condition having a drastically higher perfor-
mance on both tasks in comparison to the negative and neutral conditions. No significant effect of time and time x 
stimuli was found. However, although depressive symptoms did not significantly affect performance on both tasks, 
participants who had the highest BDI scores exhibited lower performance that in contrast to participants of the other 
two conditions. These findings further prove the interplay between emotion and cognitive functions, as well as sug-
gest that individuals with higher depressive symptoms may be more susceptible to negative stimuli which leads to a 
decrease in their performance. Implications and recommendations for future studies are discussed.
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Introduction

Face Recognition and Emotional Stimuli
One of the primary objectives of the human mind is the con-
stant pursuit of acquiring knowledge and information (1). For 
this to happen, it utilizes various cognitive functions such as 
memory, learning, face recognition, attention and perceptual 
motor functions (2). Face perception and recognition specif-
ically, are essential skills for humans and can even be con-
sidered aspects of an individual’s social intelligence (3). Face 
recognition is defined as the ability to memorize the identity 
of several new faces, then accurately pick them out when they 
are interspersed among other faces (4-6) while face percep-
tion is the ability to instantly recognize and retain information 
from faces (7,8). Face perception and recognition are vital for 
everyday life as it provides us with a large amount of infor-
mation regarding our environment (9). While some activation 
can be seen in the superior temporal sulcus and part of the 
occipital lobe (10), the most apparent activation is seen in the 
fusiform face area (FFA) (11,12). Correct recognition of facial 
expressions is vital for the correct structure of interpersonal 
and cognitive functions (13,14). 

In fact, humans from their nature are experts in assessing 
faces (15) in the point where it has being suggested that face 
recognition is far stronger in comparison to object recognition 
(16,17) which is anticipated as in contrast to different stimuli, 
faces effortlessly capture visual attention, and are more likely 
to be stored in the human visual working memory (VWM) in 
comparison to other more complex stimuli (18). Consequently, 
many studies have examined the impact of emotional stimu-
lus on face recognition and have determined that individuals 
exhibit a preference towards emotional faces whether posi-
tive or negative. This phenomenon of negative and positive 
bias has been studied thoroughly utilizing a variety of emo-
tional materials, such as faces (19-20) words (21) and movie 
excerpts (22-23). Movie excerpts specifically have proven to 
elicit stronger emotional and physiological changes (24-26).  
The phenomenon of negative bias is defined as the preference 
of processing negative stimuli such as an angry, fearful or dis-
gusted face, over a positive stimulus such as a happy face. In 
contrast, the positive bias refers to the processing advantage 
of positive stimuli (21,27). Additionally, VWM studies have 
found a similar phenomenon, in both negative and positive 
advantages to VWM performance (19, 28-30). Surprisingly, 
other studies have found contradictory evidence to the ones 
of the majority of literature. These studies have proven that 
in some cases emotional stimuli interference doesn’t affect 
face recognition efficiency when certain aspects such as face 
inversion are examined (31,32). 

Working Memory and Emotional Stimuli
On the other end of the spectrum, human memory consists 
of different systems, each functioning in various ways for the 
acquisition, maintenance, and retrieval of information (33-34). 
Memory is typically divided between long-term and short-term 
memory (35-36). However, in the last few decades studies have 

constantly debated whether or not working memory (WM) is 
considered a third type of memory as its functions are relative 
similar to the ones of short-term memory (37-39). Specifical-
ly, WM temporarily retains task-relevant information over the 
course of complex cognitive tasks that require awareness and 
attention such as reasoning, planning, manipulation of the 
information and the control and coordination of perception 
and action in complex cognitive operations (40,41). In accor-
dance with the structural working memory model (42) the 
central executive system controls three subsystems which 
are the phonological loop, the visuospatial sketchpad and 
the episodic buffer. (43-45). 

These three components are of limited capacity and are 
typically examined through memory tasks such as digit span 
and word recall tasks (46). These WM span tasks have proven 
to be of high importance and reliability to examine complex 
cognitive behaviors such as problem solving and reasoning. 
In fact, studies have found that many participants in their at-
tempt to increase their efficiency utilize cognitive strategies 
such as visualizing or chunking the digits or words they see 
(47-48). Forward and backward digit span tasks are one of 
the most used tests of working memory (49) as it examines 
simple attention while also assessing cognitive flexibility and 
mental alertness (50) when an individual shifts between the 
two tasks. However, factors such as emotional stimuli might 
hinder the proper function of working memory influencing 
proper efficiency in these tasks. Negative or positive emotional 
stimuli exposure before WM tasks have been found to affect 
both storage and attentional processing required for the ef-
ficiency of WM. Studies using simple span and complex span 
tasks found that specifically negative mood induction can 
decrease WM performance regardless of the type of task (51). 

Outcomes seem to demonstrate that participants who are 
negatively mood-induced are less able to suppress intrusive 
negative thoughts (52-53) which in turn leads to a decrease 
in the efficiency of their working memory (54-56). In contrast, 
positive stimuli have proven to increase WM performance 
and storage capacity (57-59). Nevertheless, the level of va-
lence and arousal of emotional stimuli must also be taken 
into consideration as different levels may lead to different 
results (60). Valence is defined as the measurement of the 
pleasantness linked with the emotion and ranges from neg-
ative (unpleasant) to positive (pleasant), whereas arousal is 
defined as the level of emotional activation induced (61,62). 
In most studies examining the influence of emotional stim-
uli, arousal and valence are moderate as intense arousal can 
impair memory (63,64). Conversely, while the prevailing body 
of research indicates that emotional stimuli can significantly 
influence working memory efficiency, other studies have sug-
gested that this is not always the case. For instance, research 
has proven that participants’ efficiency in a n-back task may 
not always by affected by the emotional type of stimuli (65) 
while others have found that participants’ performance was 
better in the negative emotional and sexual arousal condition 
(66). Additionally, other studies have proven that regardless of 
the valence of the stimuli the performance of working mem-
ory remains unaffected (67,68). These findings illustrate that 
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working memory efficiency might also be task dependent 
as not all tasks target the same cognitive processes (69-72). 
Lastly the influence of individual differences requires further 
analysis (73,74).

Depression and Cognitive Functions
Apart from emotional stimuli, other factors such as depressive 
symptoms can affect an individual’s working memory and face 
recognition skills. Depressed individuals exhibit a large range 
of impairments in executive functioning (including working 
memory), that might lead to a significant burden on every-
day mental processes (75-77). This impairment might be the 
result of their difficulty filtering irrelevant information which 
in many cases leads to cognitive overload (78). Specifically, in-
dividuals with depression have been argued to exhibit lower 
WM capacity (14,79) while simultaneously showing impaired 
memory for neutral and positive stimuli (80-82). On the other 
hand, depressed individuals tend to showcase negative cog-
nitive biases which render them incapable of shifting their 
attention away from negative emotions (83,84) leading to 
difficulties in controlling and suppressing negative thoughts, 
which in turn makes it harder to focus on tasks that require 
working memory activation (85). More specifically, studies 
have shown that depressed individuals tend to perform worse 
in digit span tasks, especially in the backward span which re-
quires additional cognitive manipulation (86). 

On the other end of the spectrum, other studies have put 
more emphasis to determine how the neurobiological differ-
ences present in depressed individuals can affect their efficiency 
in the completion of the two tasks previously discussed. Such 
studies have shown that depression is associated with reduced 
activation in the dorsolateral prefrontal cortex (DLPFC) which 
constitutes one of the most fundamental brain areas for the 
correct functioning of working memory (87-89). Other stud-
ies have shown an increased activity in the amygdala which 
might explain the negative cognitive bias of depressed indi-
viduals (90,91). Lastly, reduced hippocampal volume is one 
of the most common defective structural findings (92-94) 
which can help justify the cognitive difficulties that depressed 
individuals exhibit (95-96). Nevertheless, the influence of de-
pressive symptoms can also be seen in face recognition tasks. 
Studies have shown that depressed individuals struggle to 
accurately recall, recognize and sort faces (97) which may be 
the result of their tendency to misinterpret neutral and posi-
tive faces as negative (98). In average, an individual suffering 
from depression usually exhibits slower reaction times when 
identifying or sorting an emotional face in comparison to a 
healthy individual (99). A study comparing healthy, depressive 
and bipolar groups found that the individuals suffering from 
depression had slower responses and lowest accuracy in a 
working memory task using emotional faces (100). 

The impact of depression can also be seen in the brain’s 
face recognition-related regions. For example, the fusiform 
face area (FFA) tends to have reduced activity in individuals 
with depression (101). However, these findings have proven 
to be inconsistent as studies have shown that in some cases 

individuals with depression manage to not exhibit difficulties 
in executive functioning (98, 102,103). Moreover, it has been 
determined that while severe depression leads to cognitive 
impairment, early-stage or mild depression may not result in 
cognitive deficits (104). 

Working memory and face recognition are two of the most 
examined cognitive functions of the brain. Countless studies 
have examined them separately and simultaneously while also 
investigating possible factors that may hinder their efficiency. 
For instance, in a recent study (105) examined the influence of 
negative emotional pictures on working memory efficiency. 
Their study showed that negative images lead to a decrease in 
the efficiency of the participants’ working memory efficiency 
in comparison to the neutral images, a finding in accordance 
with the literature. 

In turn based on their research, this study aims to inves-
tigate the effects of emotional stimuli on working memory 
and face recognition while also examining the potential role 
of depressive symptoms. The study will use three types of 
emotional charged videos (positive, neutral, negative) instead 
of pictures and will examine the participants’ face recogni-
tion and working memory efficiency before and after being 
exposed to the emotional stimuli. In addition, the influence 
that depressive symptoms have on participants’ efficiency is 
analysed. This multifaceted approach aims to provide a more 
holistic understanding of how emotional stimuli influence 
complex cognitive functions while also examining the role 
of depressive symptoms. 

Hypotheses

Firstly, it is hypothesized that negative emotional stimuli will 
decrease the efficiency of working memory in comparison to 
neutral and positive stimuli (51,56). Secondly, it is hypothesized 
that face recognition efficiency will decrease after exposure to 
negative stimuli in contrast to the positive and neutral (106). 
Lastly it is hypothesized that higher depressive symptoms are 
linked with higher cognitive exhaustion in both working mem-
ory and face recognition tasks after exposure to the stimuli.

Analytic Strategy
The first hypothesis was that negative emotional stimuli will 
decrease the efficiency of working memory in comparison to 
neutral and positive stimuli. The second hypothesis was that 
face recognition efficiency will decrease after exposure to 
negative stimuli in contrast to the positive and neutral condi-
tions. For both hypothesis a repeated measures MANOVA was 
conducted. The third hypothesis was that higher depressive 
symptoms are linked with higher cognitive exhaustion in both 
working memory and face recognition tasks after exposure 
to the stimuli. A One-way Independent Anova was used to 
test this hypothesis.
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Method

Design
This study employes a Repeated Measures ANOVA 2 (Time: 
Before/After exposure to stimuli) X 3 (Emotional Video Type: 
Positive, Neutral, Negative). This experiment aims to examine 
how different types of emotional video stimuli can affect par-
ticipants’ performance in a working memory task (digit span 
task) and a face recognition task (UNSW Face Test). The exper-
iment is comprised of two independent variables (IV) and two 
dependent variables (DV). The first independent variable is the 
Category of Emotional Video, which consists of three levels. 
Positive, neutral and negative emotional videos. The second 
independent variable is Time which consists of two levels. 
Before and After exposure to the emotional stimuli. The first 
dependent variable is Working Memory Performance.  The 
second Dependent variable is Face Recognition Performance. 
After the main analysis, the interaction between depressive 
symptoms and participants’ performance will be analysed.

Participants
To determine the appropriate sample size for this study, G*Pow-
er (3.1.9.7) (107) was used to ensure that the study would have 
sufficient power to detect a significant effect should there be 
one. The power analysis was set to an alpha level of 0.05 and 
a power of 0.90. The effect size used for this study was deter-
mined to be set at 0.58 (Cohen’s f ) based on previous studies 
that have determined it to be sufficient (104,108). The power 
analysis calculated that a total sample size of at least 15 par-
ticipants would be needed to achieve adequate statistical 
power and exclude the possibility of Type II errors. However, 
to increase the validity of the study and ensure that the results 
can be implemented in a wider population the sample size of 
the study was set at 21 participants. The participants will be 
an opportunity sample recruited from the social and personal 
circle of the researcher. The participants were all fluent English 
speakers with a normal or corrected to normal vision and were 
required to have completed their high school studies. The par-
ticipants’ age ranged from 18-30 and were consisted of 10 men 
and 11 women. The age mean was calculated to be 23.14 with 
a standard deviation (SD) of 3.35. Individuals suffering from 
neurological or psychiatric disorders, cognitive dysfunctions 
and serious sensory disorders were excluded from the study. 
All participants stated that they were not under the influence 
of alcohol or any type of addictive substances 24 hours be-
fore the experiment. All participants had read and signed the 
participant information sheet and consent form according to 
the BPS (2009) ethical standards (109).

Materials
The first material that this study will use is a digit span task 
which aimed to measure the participants’ working memory 
efficiency before and after being exposed to the emotional 
stimuli. Their efficiency is measured through the usage of a 
computerized delivery of randomized digit sequences that can 
be increased and decreased. The participants had to go through 

all trials and the task ended when the participant scored 0 two 
times consecutive in the same digit task (forward or backward). 
The second material that was used was the University of New 
South Wales (UNSW) Face Test (110). This Face Test recorded 
the face recognition efficiency of the participants and in the 
end provided two scores, one for the Face Memory Test and 
one for the Face Sorting Test. In the end, the sum of the two 
tasks is the final score. The third material that was used were 
three videos from FilmStim’s database (111). This database 
provided emotional excerpts from movies. Each video had a 
specific duration and was intended to elicit a specific feeling 
to the viewer (anger, disgust, amusement, tenderness etc.). To 
measure depressive symptoms Beck’s Depression Inventory 
(BDI) was used (112). The inventory involves 21 items, and each 
item is evaluated on a 4-point Likert scale that ranges from 0 
to 3. The final score is determined by summing the score that 
the participant had on every question.  A Dell G15_Ryzen 
Edition, 15,6 Full HD, 120 Hz, WVA Display, NVIDIA Discrete 
Graphic computer was used to conduct the experiment. The 
use of an external private space was necessary to conduct 
the experiment. Finally, participant information sheets, con-
sent forms, and debriefing sheets were used and distributed.

Procedure
The experiment was conducted in a private outdoor space. 
The participants were asked to attend the space one by one in 
which they would be privately tested individually. Each partic-
ipant was first handed out the participant information sheet 
in which they were informed about the aim of the study, what 
they were asked to do and finally about their right to withdraw 
from the study at whatever point they desired. Additionally, 
anonymity and confidentiality of their data was ensured. After 
reading the participant information sheet, they were request-
ed to sign the consent form which confirmed and guaranteed 
their voluntary participation in the study. After reading and 
completing the two forms the participants were ready to take 
part. The participants were randomly assigned to one of the 
three conditions. Firstly, the participants were asked to com-
plete the Beck’s Depression Inventory (BDI) questionnaire. 
After completing the inventory their answers were recorded 
from the researcher. Next, the participants were asked to sit 
across the laptop in which the digit span task would be com-
pleted. Prior to commencing the task, participants were seated 
approximately 60 cm away from the computer screen (113) 
and the researcher verbally explained the instructions of the 
digit span task to each participant. 

The participants were required to complete the task as far 
as they can. In the first trial the participants were presented 
with one number which needs to be remembered. The task 
then asks to input the number that was presented. In the sec-
ond trial the task shows two numbers which the participant 
is required to remember and input once again. In each trial 
the number sequence increases by one digit. The maximum 
forward trials that the participant can complete are eight. Af-
ter completing all forward tasks or failing twice in the same 
sequence, the participants moved on to the backward span 
where in each trial the numbers increased by one digit and 
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should be input backwards from the order that they were pre-
sented. The maximum backwards trials that the participants 
could go through were eight. The task ends when the par-
ticipant scores 0 two times consecutive in the same number 
span or completes all 8 sequences. The maximum score that 
the participant can achieve in the forward span is 13 where-
as in the backward span the maximum score is 14. In order 
to measure each participant’s efficiency their score and span 
were multiplied with each other to determine the subject of 
each condition (forward and backward). After completing the 
digit task, the participant is asked to complete the UNSW Face 
Test. In the first phase of the task, the participant is presented 
with 20 faces that they are required to remember as accurately 
as possible. These faces are presented one at a time and the 
participants are given 5 seconds at a time to remember each 
face. After viewing the faces, the participants are presented 
once again with 20 additional faces. The participants are asked 
to press the key “y” when they have previously seen the face 
and “n” when they have not. In the second phase of the task 
the participants in each trial are presented with a target face. 
They are then asked to sort four pictures and place the ones 
on which the target face is shown on the right, and the ones 
on which they are not on the left. In the end of the two phases 
two scores are shown and recorded. One for the Face Memory 
Test and one for the Face Sorting Test. 

The final score of the Face Recognition Task is the sum of 
the scores. After completing the digit span task and the Face 
recognition task, the participants, depending on the group 
that they were randomly assigned, are asked to view a short 
video which acts as an emotional stimulus. The video can be 
either positive, neutral or negative and was selected to induce 
the according emotional response to the participant. On av-
erage the emotional videos had a duration of one and a half 
minutes. After watching the video, the participants are asked 
to complete the digit span task and the Face recognition task 
once again. After completing both tasks, the participants’ 
scores are all registered and compared before and after the 
exposure to the emotional stimuli. Once the experiment was 
completed, the participants were given the debriefing sheet, 
where they were thanked for their participation in the research 
and informed that they had the option to withdraw their data 
within a reasonable timeframe. All ethical guidelines were fol-
lowed in accordance with the latest edition of the BPS (2009).

Results

After the statistical analysis of the data, it was calculated that 
the skewness and kurtosis of all variables were between the 
required range of -1.96 to +1.96. Due to the small sample size, 
some minor outliers were found (see appendix 13) while the 
histograms showcased a normal distribution. Lastly, Z-Scores 
were calculated and were found to be between the -3 to +3 
range. In general, normality is more easily affected due to the 
small sample size. After the usage of multiple indicators of 
normality, the data were confirmed to be normally distribut-
ed and parametric. For this reason, it was decided that a RE-

PEATED MEASURES MANOVA would be conducted to examine 
the effect of emotional stimuli on working memory and face 
recognition efficiency. Secondly, a ONE-WAY INDEPENDENT 
MEASURES ANOVA analysis was conducted to examine wheth-
er depressive symptoms have affected the efficiency of the 
participants in the two tasks.

Data were analyzed using a 2 (time: before and after expo-
sure) x 3 (stimuli: positive, negative, neutral) Repeated Mea-
sures MANOVA to examine the participants’ digit span and face 
recognition efficiency before and after being exposed to the 
emotional stimuli. Mauchly’s test indicated that the assump-
tion of sphericity was met for the main effect of stimuli (W = 
.919, p = .489), but violated for the time × stimuli interaction 
(W = .330, p < 0.001). Thus, the Greenhouse-Geisser correction 
was applied instead.

Table 1. Mean numbers of digit span and face recognition effi-
ciency on positive negative and neutral conditions (with stand-
ard deviations)

POSITIVE NEGATIVE NEUTRAL TOTAL

PREFORWSUBJ
65.57 

(25.04)
62.28 

(25.16)
55.14 

(17.17)
61.00 

(22.18)

PREBACKSUBJ
52.00 

(16.97)
52.00 

(33.22)
60.00 

(24.00)
54.66 

(24.60)

PREFACERECO
75.71 
(8.97)

72.71 
(3.35)

79.71 
(11.78)

76.04 
(8.82)

TOTAL
64.42 

(20.08)
62.33 

(24.48)
64.95 

(20.53)

POSITIVE NEGATIVE NEUTRAL TOTAL

PREFORWSUBJ
75.42 

(24.94)
36.14 

(13.92)
59.00 

(20.68)
56.85 

(25.41)

PREBACKSUBJ
68.28 

(39.80)
25.14 

(11.48)
60.00 

(29.93)
51.14 

(33.91)

PREFACERECO
78.57 
(8.50)

72.57 
(8.73)

81.57 
(8.30)

77.57 
(8.94)

TOTAL
74.09 

(26.51)
48.28 

(21.18)
66.85 

(23.05)

There was no significant main effect of time with a small 
effect size, F(1, 18) = 0.652, p = .430 η2=0.002 but there was a 
significant main effect of stimuli, with a large effect size F (2, 
36) = 15.19, p < .001, η2= 0.249 indicating that digit span and 
face recognition efficiency differed across emotional condi-
tions. The interaction between time and stimuli was not sig-
nificant after correction with a small effect size, F (1.19, 21.56) 
= 0.318, p = .729 η2= 0. This suggests that the emotional video 
type had a similar effect on participants’ performance in both 
the pre-test and post-test conditions.
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Table 2. Estimated Marginal Means 

The estimated marginal means show that participants in 
the positive emotional video condition had the highest per-
formance scores, increasing slightly from approximately 76.5 
at pre-exposure to approximately 78.0 at post-exposure. In 
the neutral condition, performance declined from about 61.0 
at pre-exposure to approximately 57.5 at post-exposure. Last-
ly, the negative condition showed the lowest performance 
throughout, decreasing from around 54.5 at pre-exposure 
to 51.5 at post-exposure. These means show that positive 
emotional stimuli improved performance in both tasks, while 
neutral and especially negative stimuli were associated with 
a decline in task performance. This graph further showcases 
the significant main effect of emotional stimuli despite the 
interaction with time not being statistically significant.

Participants who were exposed to the positive video showed 
higher performance across both tasks compared to those in 
the neutral and negative groups. In the digit span forward 
task, their scores increased from M = 65.57 to M = 75.43, while 
those in negative condition dropped from M = 62.29 to M = 
36.14, and those in the neutral condition slightly improved 
from M = 55.14 to M = 59.00. Similar results were observed 
in the digit span backward task, where scores in the positive 
condition rose from M = 52.00 to M = 68.29, while those in 
the negative condition declined from M = 52.00 to M = 25.14. 
In the face recognition task, all groups performed relatively 
well, but the positive group had the highest performance 
(M = 75.71 pre-exposure, M = 78.57 post-exposure), and the 
neutral group improved slightly (M = 79.71 to M = 81.57). 
Overall, the negative video condition showed a consistent 
drop in performance in both tasks, particularly in the digit 
span tasks, whereas the positive condition was associated 
with improved performance. 

The mean number of BDI scores in each emotional condi-
tion is shown in Table 2.

Mean number of BDI scores (with standard deviations) in each 
emotional condition

POSITIVE NEGATIVE NEUTRAL

16.85 (3.43) 20.57 (5.09) 20.14 (4.70)

Data was analysed using a One-way independent measures 
ANOVA and it was found that although the main effect of BDI 
symptoms was not statistically significant, the effect size was 
large (F(2, 18) = 1.448, p = .261, η² = .139). 

However, an interesting finding is that Table 3 shows the 
differences in BDI symptoms between the three stimulus 
conditions. 

Table 3. Line graph of BDI Mean Scores in each stimulus condition 

The line graph illustrates the mean BDI scores across the 
three stimulus conditions. According to the graph, participants 
reported the lowest BDI scores during the positive condition 
(M ≈ 17) while in contrast, scores peaked in the Negative con-
dition (M ≈ 21), suggesting the presence of higher depressive 
symptoms or negative affect in response to negative stimuli. 
Lastly the neutral condition showed slightly lower BDI scores 
than the negative condition (M ≈ 20), but were still higher 
compared to the positive condition. This graph indicates that 
while no significant effect of BDI score was found, noticeable 
changes were present.

Discussion

This study attempted to determine how different emotional 
stimuli can influence two key cognitive functions: working 
memory and face recognition, while also examining how 
depressive symptoms may hinder their performance. Based 
on previous studies signifying their effect (22,23) emotional 
movie excerpts (positive, neutral, and negative) were used 
as mood inducers. Participants were requested to complete 
a digit span and a face recognition task before and after ex-
posure to the stimuli. 

The findings revealed a significant main effect of emotional 
stimuli, suggesting that the type of emotional video that par-
ticipants were exposed to had a noticeable impact on their 
performance in both tasks. Specifically, those exposed to the 
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positive condition outperformed those in the negative and 
neutral groups. Nevertheless, no significant main effect of time 
or time × condition interaction was found, suggesting that 
while emotional valence influenced performance levels, this 
did not significantly change from pre- to post-exposure. The 
first hypothesis that negative emotional stimuli will decrease 
the efficiency of working memory in comparison to neutral 
and positive stimuli was supported. Participants assigned in 
the negative condition showed a decline of their efficiency in 
both forward and backward conditions after being exposed 
to the stimuli. This finding comes in accordance with the ma-
jority of the existing literature in which it has been repeatedly 
shown that negative stimuli can largely affect the attentional 
control and storage processes related with working memory 
(51, 54-56). On the other hand, participants assigned to the 
positive condition showed an increase in both forward and 
backward conditions, suggesting that positive stimuli may 
enhance their performance, a finding which has already con-
tinuously been proven (57-59). 

The second hypothesis suggested that face recognition 
efficiency will decrease after exposure to negative stimuli in 
contrast to the positive and neutral conditions, which was 
eventually partially supported as although the difference over 
time was not significant, overall face recognition scores were 
higher in the positive condition in contrast to the negative. 
This suggests that while emotional stimuli can affect their per-
formance, there was not a significant drop in their efficiency 
over time. This result can be justified as face recognition is re-
garded as one of the most fundamental cognitive functions 
(9) due to the large quantity of information it provides. Taking 
this into consideration, studies have already shown that face 
recognition is resilient to emotional interference and external 
factors in general (31,32). 

The third and final hypothesis suggested that higher de-
pressive symptoms would be linked with higher cognitive 
exhaustion in both working memory and face recognition 
tasks after exposure to the stimuli. The hypothesis was reject-
ed as the one-way ANOVA showed no significant differenc-
es among the three groups. However, participants with the 
highest BDI scores were all found in the negative condition 
who had the lowest performance in both tasks. This suggests 
that while the effect was not significant, depressive symp-
toms might have affected participants’ performance. This 
comes in line with the existing literature where it is reported 
that high depressive symptoms often lead to lower executive 
function processes (75-77) and slower reaction times when 
identifying or sorting an emotional face (99). Additionally, 
participants with higher depressive symptoms seem to have 
exhibited poorer performance in the digit span task (in both 
conditions) in comparison to the face recognition task. This 
is another result that aligns with previous research as studies 
have shown that individuals with high depressive symptoms 
exhibit lower WM capacity (78, 114) negative cognitive biases 
(83-84) while simultaneously showing impaired memory for 
neutral and positive stimuli (80-82). 

Limitations and Future research

Nevertheless, despite the valuable findings of this study, cer-
tain limitations will be analyzed which may have influenced 
the outcomes of this study. Firstly, due to the extended dura-
tion of the study, as well as the high cognitive demand that 
a working memory and face recognition task require, it is 
possible that participants may have experienced fatigue over 
the course of the study, which in turn might have influenced 
engagement levels and overall performance in the working 
memory task, as well as the face recognition task. Prior re-
search has proven that prolonged engagement in cognitive 
challenging tasks can lead to cognitive overload (115,116). 
For this reason, counterbalancing could be used in order to 
prevent this. Additionally, in the digit span task participants 
might have deliberately or subconsciously employed cognitive 
strategies such as chunking to enhance their performance. 
This means that the participants might have scored higher 
in both conditions (forward and backward) than they would 
have if they were to remember each number individually. 
This aligns with existing literature where it is explained that 
individuals use cognitive strategies as a way to improve their 
recalling efficiency (46, 117). Furthermore, in the UNSW Face 
test, the majority of the faces presented were either of East 
or South Asian descent. This might have further challenged 
the participants as according to the other face effect individ-
uals recognise and remember faces of their own race more 
accurately than faces of other races (118,119). As a result, par-
ticipants might have struggled to remember the faces in the 
first phase of the test and sort the faces in the second phase. 
Consequently, participants might have exhibited higher face 
recognition efficiency should the majority of faces be of their 
own race. Lastly, further EEG studies can shed light on how the 
brain reacts and what brain regions are activated when com-
pleting complex cognitive tasks. More specifically, research 
focusing on depressed individuals can help further under-
stand how depression working memory and face recognition 
are interlinked. However, this study leaves room for further 
analysis and examination of several aspects which require 
further examination. As previously mentioned, the role of in-
dividual differences is still under investigation. Future research 
could further focus on examining how filtering, encoding and 
maintaining information in WM tasks differ among individuals 
(73,74). A way to examine the effect of individual differences 
is by taking into consideration personality traits as different 
traits lead to different biases which in turn affect efficiency in 
cognitive tasks (120,121).  Secondly, the participants’ efficien-
cy after viewing the emotional stimuli might have improved 
due to the practice effect which suggests that prior exposure 
to the tests and study procedures enhances cognitive perfor-
mance (122,123). This means that participants, having already 
completed both the working memory and face recognition 
tasks once, were already aware of what they were required to 
do after viewing the stimuli. As a result, participants had al-
ready completed the face recognition test once so they were 
already acquainted with the faces that they would be pre-
sented which might have given them an advantage in both 
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the Face Memory and Face Sort task. Lastly, future research 
could focus on expanding the sample size as certain results 
might differ in a larger number of participants.

Conclusion

This study aimed to examine the effect of emotional stimuli 
on working memory and face recognition performance while 
simultaneously considering the role of depressive symptoms.  
Findings indicated that emotional stimuli indeed affected the 
participants’ performance on both tasks and especially the 
digit span task as participants in the positive condition per-
formed drastically better than the ones who were assigned to 
the negative condition. Although time-based changes and BDI 
symptoms effect were found to be non-significant, observable 
findings suggested that individuals with higher BDI symptoms 
performed worse than the ones who achieved lower scores. 
This study results contributed in the vast body of literature 
examining the interplay of emotion and cognitive functions. 
The study’s findings and limitations offer the foundation for 
future research to examine this relationship in greater depth.  

References

1.	 Vincze J. & Vincze-Tiszay G. The Human Mind. Philos. Study, (2023). 
13(2), 60-67, 10.17265/2159-5313/2023.02.002

2.	 Bufano P, Tecco DC, Fattori A, Barnini T, Comotti A, Ciocan C, 
Ferrari L, Mastorci F, Laurino M, Bozini M. The effects of work 
on cognitive functions: A systematic review. Front Psychol 2024, 
10.3389/fpsyg.2024.1351625

3.	 Chernorizov AM, Jiang Z, Petrakova AV, Zinchenko YP. Face 
cognition in humans: Psychophysiological, developmental, 
and cross-cultural aspects. Psychol Russia 2016, 9(4):37–50, 
10.11621/pir.2016.0404

4.	 Griffin WJ, Motta-Mena VN. Face and object recognition. In: 
Encyclopedia of Evolutionary Psychological Science 2021:1–8, 
10.1007/978-3-319-16999-6_2762-1

5.	 Rossion, B. & Retter, L. T. Face Perception. In: The Cognitive Neu-
rosciences, 6th Edition 2020, 10.7551/mitpress/11442.003.0017

6.	 Wilmer B. J. Individual Differences in Face Recognition: 
A Decade of Discovery. Perspect. Psychol. Sci., 2017 26(3), 
10.1177/0963721417710693

7.	 Tsao DY, Livingstone MS. Mechanisms of face perception. An-
nu. Rev. Neurosci. 2008, 31:411–437, 10.1146/annurev.neu-
ro.30.051606.094238

8.	 Ward T. & Bernier R. Face Perception. In Encyclopedia of Autism 
Spectrum Disorders, Springer, 2013.  1215-1222, 10.1007/978-
1-4419-1698-3_728

9.	 Oruc I, Balas B, Landy SM. Face perception: A brief journey 
through recent discoveries and current directions. Vision Res 
2020, 157:1–9,  10.1016/j.visres.2019.06.005

10.	 Gauthier I, Tarr JM, Moylan J, Skudlarski P, Gore CJ, Anderson 
WA. The fusiform “face area” is part of a network that processes 
faces at the individual level. J Cogn Neurosci 2000, 12(3):495–504, 
10.1162/089892900562165

11.	 Kanwisher N, McDermott J, Chun MM. The fusiform face area: 
A module in human extrastriate cortex specialized for face per-
ception. J Neurosci 1997, 17(11):4302–4311, 10.1523/JNEURO-
SCI.17-11-04302.1997

12.	 McCarthy G, Puce A, Gore CJ, Allison T. Face-specific processing 
in the human fusiform gyrus. J Cogn Neurosci 1997, 9(5):605–610, 
10.1162/jocn.1997.9.5.605

13.	 Hiser J, Koenigs M. The multifaceted role of the ventromedial 
prefrontal cortex in emotion, decision making, social cogni-
tion, and psychopathology. Biol Psychiatry 2018, 83:638–647, 
10.1016/j.biopsych.2017.10.030

14.	 Wang Y., Su, Y., Fang, P., & Zhou Q. Facial expression recogni-
tion: can preschoolers with cochlear implants and hearing 
aids catch it? Res. Dev. Disabil. 2011, 32, 2583–2588, 10.1016/j.
ridd.2011.06.019

15.	 Gauthier I, Skudlarski P, Gore JC, Anderson AW. Expertise for cars 
and birds recruits brain areas involved in face recognition. Nat 
Neurosci 2002, 3:191–197, 10.1038/72140

16.	 Griffin JW, Bauer R, Scherf KS. A quantitative meta-analysis of 
face recognition deficits in autism: 40 years of research. Psychol 
Bull 2021, 147(3):268–292, 10.1037/bul0000310

17.	 McKone E, Kanwisher N, Duchaine CB. Can generic expertise 
explain special processing for faces? Trends Cogn Sci 2007, 
11(1):8–15, 10.1016/j.tics.2006.11.002

18.	 Curby KM, Gauthier I. A visual short-term memory advantage for 
faces. Psychon Bull Rev 2007, 14(4):620–628, 10.3758/bf03196811

19.	 Jackson MC, Wu CY, Linden DEJ, Raymond JE. Enhanced visual 
short-term memory for angry faces. J Exp Psychol Hum Percept 
Perform 2009, 35(2):363–374, 10.1037/a0013895

20.	 Gambarota F, Sessa P. Visual working memory for faces and 
facial expressions as a useful “tool” for understanding social 
and affective cognition. Front Psychol 2019, 10:1–7,  10.3389/
fpsyg.2019.02392

21.	 Kauschke C, Bahn D, Vesker M, Schwarzer G. The role of emo-
tional valence for the processing of facial and verbal stimuli—
Positivity or negativity bias? Front Psychol 2019, 10, 10.3389/
fpsyg.2019.01654

22.	 Oliveira E, Martins P, Chambel T. Accessing movies based on 
emotional impact. Multimed Syst 2013, 19(6), 10.1007/s00530-
013-0303-7

23.	 Uhrig, K. M., Trautmann, N., Baumgartner, U., Treede, D. R., Hen-
rich, F., Hiller, W. & Marschall, S. (2016). Emotion Elicitation: A 
Comparison of Pictures and Films. Front. Psychol., 7, 10.3389/
fpsyg.2016.00180

24.	 Frazier TW, Strauss ME, Steinhauer SR. Respiratory sinus arrhyth-
mia as an index of emotional response in young adults. Psycho-
physiology 2004, 41(1):75–83, 10.1046/j.1469-8986.2003.00131.x

25.	 Gross JJ. Antecedent- and response-focused emotion regulation: 
Divergent consequences for experience, expression, and physiology. 
J Pers Soc Psychol 1998, 74:224–237, 10.1037//0022-3514.74.1.224

26.	 Palomba D, Sarlo M, Angrilli A, Mini A, Stegagno L. Cardiac re-
sponses associated with affective processing of unpleasant 
film stimuli. Int J Psychophysiol 2000, 36(1), 10.1016/s0167-
8760(99)00099-9

27.	 Yuan J., Tian Y., Huang X., Fan H., Wei X. (2019). Emotional bias 
varies with stimulus type, arousal and task setting: meta-analyt-
ic evidences. Neurosci. Biobehav. Rev., 107, 461–472, 10.1016/j.
neubiorev.2019.09.035



Dialogues in Clinical Neuroscience & Mental Health, 2025, Volume 8, Issue 4, p. 123-133 |131|

28.	 Becker DV, Mortensen CR, Anderson US, Sasaki T. Out of sight 
but not out of mind: Memory scanning is attuned to threatening 
faces. Evol Psychol 2014, 12(5), 10.1177/147470491401200504

29.	 Jackson CM, Raymond EJ. Familiarity enhances visual work-
ing memory for faces. J Exp Psychol Hum Percept Perform 2008, 
34(3):556–568, 10.1037/0096-1523.34.3.556

30.	 Sessa P., Luria R., Gotler A., Jolicœur P., Dell’acqua R. (2011). In-
terhemispheric ERP asymmetries over inferior parietal cortex 
reveal differential visual working memory maintenance for fearful 
versus neutral facial identities. Psychophysiology, 48(2):187–197, 
10.1111/j.1469-8986.2010.01046.x

31.	 Gendron M, Roberson D, Vyver NJ, Barrett FL. Perceptions of 
emotion from facial expressions are not culturally universal: 
Evidence from a remote culture. Emotion 2014, 14(2):251–262, 
10.1037/a0036052

32.	 Walsh E., Whitby J., Chen Y. Y. & Longo R. M. No influence of emo-
tional expression on size underestimation of upright faces. PLoS 
One, 2024 19(2), 10.1371/journal.pone.0293920

33.	 Lighthall N, Conner L, Giovanello K. Learning and memory in 
the aging brain: The function of declarative and nondeclarative 
memory over the lifespan. In: The Aging Brain: Functional Adap-
tation Across Adulthood 2019, 73–109, 10.1037/0000143-004

34.	 Schacter D. & Tulving E. What are the memory systems of 1994?, 
Memory systems, 1994 1-38

35.	 Cepukaityte G, Thom LJ, Kallmayer M, Nobre CA, Zokaei N. 
The relationship between short- and long-term memory is 
preserved across the age range. Brain Sci 2023, 13(1), 10.3390/
brainsci13010106

36.	 Norris D. Short-term memory and long-term memory are still 
different. Psychol Bull 2017, 143(9), 10.1037/bul0000108

37.	 Aben B, Stapert S, Blokland A. About the distinction between 
working memory and short-term memory. Front Psychol 2012, 
3, 10.3389/fpsyg.2012.00301

38.	 Cowan N. Chapter 20: What are the differences between long-
term, short-term, and working memory? Prog Brain Res 2008, 
169(7):323–338, 10.1016/S0079-6123(07)00020-9

39.	 Jarrold C. Working out how working memory works: Evidence 
from typical and atypical development. Q J Exp Psychol 2017, 
70(9):1747–1767, 10.1080/17470218.2016.1213869

40.	 Alloway PT, Alloway GR. Investigating the predictive roles of 
working memory and IQ in academic attainment. J Exp Child 
Psychol 2010, 106(1):200–229, 10.1016/j.jecp.2009.11.003

41.	 Constantinidis C, Klingberg T. The neuroscience of working mem-
ory capacity and training. Nat Rev Neurosci 2016, 17(7):438–449, 
10.1038/nrn.2016.43

42.	 Baddeley AD. Working memory. Psychol Learn Motiv 1974, 
8:47–89, 10.1016/S0079-7421(08)60452-1

43.	 Baddeley AD. Working memory. 1986. Clarendon Press/Oxford 
University Press.

44.	 Baddeley AD, Logie RH. Working memory: The multiple-compo-
nent model. In: Models of working memory: Mechanisms of active 
maintenance and executive control 1999, pp. 28–61, 10.1017/
CBO9781139174909.005

45.	 Baddeley A. The episodic buffer: A new component of working 
memory? Trends Cogn Sci 2000, 4(11):417–423, 10.1016/s1364-
6613(00)01538-2

46.	 Sedek, G., Krejtz, I., Rydzewska, K., Kaczan, R., & Rycielski, P. (2016). 
Three functional aspects of working memory as strong predic-

tors of early school achievements: The review and illustrative 
evidence. Polish Psychological Bulletin, 47(1), 103–111, 10.1515/
ppb-2016-0011

47.	 Hilbert S, Nakagawa TT, Puci P, Zech A, Bühner M. The digit span 
backwards task: Verbal and visual cognitive strategies in working 
memory assessment. Eur J Psychol Assess 2015, 31(3):174–180, 
10.1027/1015-5759/a000223

48.	 Gobet F, Lane CRP, Croer S, Cheng HCP, Jones G, Oliver I, Pine 
MJ. Chunking mechanisms in human learning. Trends Cogn Sci 
2001, 5(6):236–243, 10.1016/s1364-6613(00)01662-4

49.	 Richardson JT. Measures of short-term memory: A historical re-
view. Cortex 2007, 43(5):635–650, 10.1016/s0010-9452(08)70493-3

50.	 Weiss, L. C., Saklofske, D. H., Holdnack, J. A., & Prifitera, A. (2016). 
WISC-V: Advances in the assessment of intelligence. In WISC-V 
assessment and interpretation: Scientist-practitioner perspectives, 
3–23. Elsevier Academic Press, 10.1016/B978-0-12-404697-
9.00001-7

51.	 Santos F. H., Soares R. F. G., & Albuquerque P. B. How emotions 
modulate working memory capacity, European Society for Cog-
nitive Psychology (ESCOP 2015, 15(2), 10.13140/RG.2.1.3288.1122

52.	 Dalgleish T, Yiend J. The effects of suppressing a negative auto-
biographical memory on concurrent intrusions and subsequent 
autobiographical recall in dysphoria. J Abnorm Psychol 2006, 
115(3):467–473, 10.1037/0021-843X.115.3.467

53.	 Taruffi, L. Pehrs, C., Skouras, S. & Koelsch, S. Effects of Sad and 
Happy Music on Mind-Wandering and the Default Mode Net-
work. Sci. Rep., 2017 7(1), 10.1038/s41598-017-14849-0

54.	 Baddeley A. Working memory and emotion: Ruminations on 
a theory of depression. Rev Gen Psychol 2013, 17(1):20–27, 
10.1037/a0030029

55.	 Baddeley A. Working memory: Theories, models and con-
troversies. Annu Rev Psychol 2012, 1–29, 10.1146/an-
nurev-psych-120710-100422

56.	 Hou YT, Cai PW. What emotion dimensions can affect working 
memory performance in healthy adults? A review. World J Clin 
Cases 2022, 10(2):401–411, 10.12998/wjcc.v10.i2.401

57.	 Palmiero M, Nori R, Rogolino C, D’Amico S, Piccardi L. Situated 
navigational working memory: The role of positive mood. Cogn 
Process 2015, 16:327–330, 10.1007/s10339-015-0670-4

58.	 Palmiero M, Nori R, Rogolino C, D’Amico S, Piccardi L. Sex differ-
ences in visuospatial and navigational working memory: The 
role of mood induced by background music. Exp Brain Res 2016, 
234(8):2381–2389, 10.1007/s00221-016-4643-3

59.	 Storbeck J, Maswood R. Happiness increases verbal and spatial 
working memory capacity where sadness does not: Emotion, 
working memory and executive control. Cogn Emot 2016, 30(5): 
925-938, 10.1080/02699931.2015.1034091

60.	 Xu H., Zhang Q., Li B. & Guo C. Dissociable Effects of Valence 
and Arousal on Different Subtypes of Old/New Effect: Evidence 
from Event-Related Potentials. Front. Hum. Neurosci. 2015, 10, 
10.3389/fnhum.2015.00650

61.	 Kensinger EA, Corkin S. Two routes to emotional memory: Dis-
tinct neural processes for valence and arousal. Proc Natl Acad 
Sci USA 2004, 101(9):3310–3315, 10.1073/pnas.0306408101

62.	 Magalhães SS, Miranda DK, Miranda DM, Malloy-Diniz LF, Ro-
mano-Silva MA. The Extreme Climate Event Database (EXCEED): 
Development of a picture database composed of drought and 
flood stimuli. PLoS One 2018, 13(9), 10.1371/journal.pone.0204093



|132| Dialogues in Clinical Neuroscience & Mental Health, 2025, Volume 8, Issue 4, p. 123-133

63.	 Cahill L, Babinsky R, Markowitsch HJ, McGaugh JL. The amyg-
dala and emotional memory. Nature 1995, 377(6547):295–296, 
10.1038/377295a0

64.	 Kuppens P, Tuerlinckx F, Russel AJ, Barrett FL. The relation be-
tween valence and arousal in subjective experience. Psychol 
Bull 2013, 139(4):917–940, 10.1037/a0030811

65.	 Kensinger EA, Corkin S. Memory enhancement for emotional 
words: Are emotional words more vividly remembered than 
neutral words? Mem Cognit 2003, 31(8):1169–1180, 10.3758/
bf03195800

66.	 Au RKC, Tang VKY. The effect of sexual arousal and emotion-
al arousal on working memory. Cogent Psychol 2019, 6(1), 
10.1080/23311908.2019.1645260

67.	 Bannerman RL, Temminck EV, Sahraie A. Emotional stimuli cap-
ture spatial attention but do not modulate spatial memory. Vi-
sion Res 2012, 65:12–20, 10.1016/j.visres.2012.05.011

68.	 Grimm S, Weigand A, Kazzer P, Jacobs AM, Bajbouj M. Neural 
mechanisms underlying the integration of emotion and work-
ing memory. Neuroimage 2012, 61(4):1188–1194, 10.1016/j.
neuroimage.2012.04.004

69.	 Beatty EL, Jobidon ME, Bouak F, Nakashima A, Smith I, Lam Q, 
Blacker K, Cheung B, Vartanian O. Transfer of training from one 
working memory task to another: Behavioural and neural ev-
idence. Front Syst Neurosci 2015, 9, 10.3389/fnsys.2015.00086

70.	 Ivanova MV, Kuptsova SV, Dronkers NF. A comparison of two 
working memory tasks in aphasia. Aphasiology 2017, 31(3):265–
281, 10.1080/02687038.2016.1172699

71.	 Miyake A, Friedman NP. The nature and organization of individ-
ual differences in executive functions: Four general conclusions. 
Curr Dir Psychol Sci 2012, 21:8–14, 10.1177/0963721411429458

72.	 Miyake A, Friedman NP, Emerson MJ, Witzki AH, Howerter A, Wa-
ger TD. The unity and diversity of executive functions and their 
contributions to complex “Frontal Lobe” tasks: A latent variable 
analysis. Cogn Psychol 2000, 41:49–100, 10.1006/cogp.1999.0734

73.	 Robison KM, Miller LA, Unsworth N. Individual differences in 
working memory capacity and filtering. J Exp Psychol Hum Per-
cept Perform 2018, 44(7), 10.1037/xhp0000513

74.	 Robison KM, Brewer AG. Individual differences in working mem-
ory capacity and the regulation of arousal. Atten Percept Psycho-
phys 2020, 82:3273–3290, 10.3758/s13414-020-02077-0

75.	 Rock, L. P., Roiser, P. J., Riedel, J. W. & Blackwell, D. A. (2014). Cog-
nitive impairment in depression: a systematic review and me-
ta-analysis, Psychological Medicine, 44(10), 2029-2040, 10.1017/
S0033291713002535

76.	 Snyder, R. H. Major depressive disorder is associated with broad 
impairments on neuropsychological measures of executive 
function: a meta-analysis and review, Psychological Bulletin, 
2013 139(1), 81-132, 10.1037/a0028727

77.	 Songco, A., Patel, D. S., Daws, K., Rodrigues, E., O’Leary, C., Hitchcock, 
C., Dalgleish, T. & Schweizer, S. (2022). Affective Working Memory 
in Depression, Emotion, 23(6), 1802-1807, 10.1037/emo0001130

78.	 Joormann J, Gotlib IH. Updating the contents of working mem-
ory in depression: Interference from irrelevant negative ma-
terial. J Abnorm Psychol 2008, 117(1):182–192, 10.1037/0021-
843X.117.1.182

79.	 Desai R, Charlesworth MG, Brooker LH, Potts WWH, Corbett A, 
Aarsland D, Ballard GC. Temporal relationship between depres-
sive symptoms and cognition in mid and late life: A longitudi-

nal cohort study. J Am Med Dir Assoc 2020, 21(8):1108–1113, 
10.1016/j.jamda.2020.01.106

80.	 Gotlib HI, Joorman J. Cognition and depression: Current status 
and future directions. Annu Rev Clin Psychol 2010, 6:285–312, 
10.1146/annurev.clinpsy.121208.131305

81.	 Dillon GD. The neuroscience of positive memory deficits in 
depression. Front Psychol 2015, 6, 10.3389/fpsyg.2015.01295

82.	 Zhang, Y., Boemo, T., Qiao, Z., Tan, Y. & Li, X. (2022). Distinct Effects 
of Anxiety and Depression on Updating Emotional Information 
in Working Memory. Int. J. Environ. Res. Public Health, 20(1), 544, 
10.3390/ijerph20010544

83.	 Beevers GC, Mullarkey CM, Best DJ, Stewart AR, Labrada J, Al-
len JBJ, McGeary EJ, Shumake J. Association between negative 
cognitive bias and depression: A symptom-level approach. J 
Abnorm Psychol 2019, 128(3):212–227,  10.1037/abn0000405

84.	 Kosiak W, Blaut A, Klosowska J, Pilch KJ. Stressful life events, 
cognitive biases, and symptoms of depression in young adults. 
Front Psychol 2019, 10:2165, 10.3389/fpsyg.2019.02165

85.	 LeMoult J, Gotlib HI. Depression: A cognitive perspective. Clin 
Psychol Rev 2019, 69:51–66, 10.1016/j.cpr.2018.06.008

86.	 Christopher G, MacDonald J. The impact of clinical depression 
on working memory. Cogn Neuropsychiatry 2005, 10(5):379–399, 
10.1080/13546800444000128

87.	 Pizzagalli AD, Roberts CA. Prefrontal cortex and depression. Neu-
ropsychopharmacology 2021, 47(1):225–246, 10.1038/s41386-
021-01101-7

88.	 Vasic N, Walter H, Sambataro F, Wolf R. C. (2009). Aberrant func-
tional connectivity of dorsolateral prefrontal and cingulate 
networks in patients with major depression during working 
memory processing. Psychol. Med., 39(6), 977-987, 10.1017/
S0033291708004443

89.	 Watters, J. A., Carpenter, S. J., Harris, F. W. A., Korgaonkar, S. M., 
Williams, M. L. (2019). Characterizing neurocognitive markers 
of familial risk for depression using multi-modal imaging, be-
havioral and self-report measures. J. Affect. Disord., 336-342, 
10.1016/j.jad.2019.04.078

90.	 Simic, G., Tkalcic, M., Vukic, V., Mulc, D., Spanic, E., Sagud, M., 
Olycha-Bordonau, E. F., Vuksic, M. & Hof, R. P. Understanding 
Emotions: Origins and Roles of the Amygdala, Biomolecules, 
2021 11(6), 10.3390/biom11060823

91.	 Tyng, M. C., Amin, U. H., Saad, M. N. M. & Malik, S. A. The Influ-
ences of Emotion on Learning and Memory. Front. Psychol. 2017, 
8, 10.3389/fpsyg.2017.01454

92.	 Campbell S, Marriott M, Nahmias C, MacQueen MG. Lower 
hippocampal volume in patients suffering from depression: 
A meta-analysis. Am J Psychiatry 2004, 161:598–607, 10.1176/
appi.ajp.161.4.598

93.	 Kempton JM, Salvador Z, Munafo RM, Geddes RJ, Simmons A, 
Frangou S, Williams RCS. Structural neuroimaging studies in 
major depressive disorder: Meta-analysis and comparison with 
bipolar disorder. Arch Gen Psychiatry 2011, 68:675–690, 10.1001/
archgenpsychiatry.2011.60

94.	 Videbech P, Ravnkilde B. Hippocampal volume and depres-
sion: a meta-analysis of MRI studies. Am. J. Psychiatry 2004, 161, 
1957–1966, 10.1176/appi.ajp.161.11.1957

95.	 Sheline I. Y. Depression and the Hippocampus: Cause or Ef-
fect?, Biological Psychiatry, 2011 70(4), 308-309, 10.1016/j.bio-
psych.2011.06.006



Dialogues in Clinical Neuroscience & Mental Health, 2025, Volume 8, Issue 4, p. 123-133 |133|

96.	 Wu, A. & Zhang, J. Neuroinflammation, memory, and depression: 
new approaches to hippocampal neurogenesis. J. Neuroinflam-
mation 2023, 10.1186/s12974-023-02964-x

97.	 Leppänen JM, Milders M, Bell JS, Terriere E, Hietanen JK. Depres-
sion biases the recognition of emotionally neutral faces. Psychi-
atry Res 2004, 128(2):123–133, 10.1016/j.psychres.2004.05.020

98.	 Gartner M, Ghisu EM, Scheidegger M, Bonke L, Fan Y, Stippl A, 
Melendez H, Metz S, Winnebeck E, Fissler M, Henning A, Ba-
jbouj M, Borgwardt K, Barnhofer T, Grimm S. Aberrant working 
memory processing in major depression: Evidence from mul-
tivoxel pattern classification. Neuropsychopharmacology 2018, 
43:1972–1979, 10.1038/s41386-018-0081-1

99.	 Dalili NM, Voak PSI, Harmer JC, Munafo RM. Meta-analysis of 
emotion recognition deficits in major depressive disorder. Psy-
chol Med 2015, 45(6):1135–1344, 10.1017/S0033291714002591

100.	 Manelis A, Halchenko OY, Bonar L, Stiffler SR, Satz S, Miceli R, 
Ladoucer DC, Bebko G, Iyengar S, Swartz AH, Philliphs LM. Work-
ing memory updating in individuals with bipolar and unipolar 
depression: fMRI study. Transl Psychiatry 2022, 12(1), 10.1038/
s41398-022-02211-6

101.	 Stuhrmann, A., Suslow, T. & Dannlowski, U. (2011). Facial emotion 
processing in major depression: a systematic review of neuro-
imaging findings. Biol. Mood Anxiety Disord., 1(1), 10.1186/2045-
5380-1-10

102.	 Barch MD, Sheline IY, Csernansky GJ, Snyder ZA. Working memory 
and prefrontal cortex dysfunction: Specificity to schizophrenia 
compared with major depression. Biol Psychiatry 2003, 53:376–
384, 10.1016/s0006-3223(02)01674-8

103.	 Sandstrom, A., Sall, R., Peterson, J., Salami, A., Larsson, A., Ols-
son, T. & Nyberg, L. (2012). Brain activation patterns in ma-
jor depressive disorder and work stress-related long-term 
sick leave among Swedish females, Stress, 1595, 503-513, 
10.3109/10253890.2011.646347

104.	 Hammar A, Ardal G. Cognitive functioning in major depres-
sion: A summary. Front Hum Neurosci 2009, 3(26), 10.3389/
neuro.09.026.2009

105.	 Colliot P, Plancher G, Fournier H, Labaronne M, Chainay H. Ef-
fect of negative emotional stimuli on working memory: Impact 
of voluntary and automatic attention. Psychon Bull Rev 2024, 
10.3758/s13423-024-02593-2

106.	 Curby MK, Johnson JK, Tyson A. Face to face with emotion: Holis-
tic face processing is modulated by emotional state. Cogn Emot 
2012, 26(1):93–102, 10.1080/02699931.2011.555752

107.	 Faul F, Erdfelder E, Buchner A, Lang AG. Statistical power anal-
yses using G*Power 3.1: Tests for correlation and regression 
analyses. Behav Res Methods 2009, 41(4):1149–1160, 10.3758/
BRM.41.4.1149

108.	 Chainay H, Ceresetti R, Pierre-Charles C, Plancher G. Modulation 
of maintenance and processing in working memory by nega-
tive emotions. Mem Cognit 2023, 51(8):1774–1784, 10.3758/
s13421-023-01428-0

109.	 British Psychological Society. Code of ethics and conduct. BPS 
2009, 10.53841/bpsrep.2021.inf94

110.	 Dunn DJ, Summersby S, Towler A, Davis PJ, White D. UNSW Face 
Test: A screening tool for super-recognizers. PLoS One 2020, 
15(11), 10.1371/journal.pone.0241747

111.	 Schaefer, A., Nils, F., Sanchez, X. & Philippot, P. (2010). Assessing 
the effectiveness of a large database of emotion-eliciting films: 
A new toll for emotion researchers, Cognition and Emotion 24(7), 
1153-1172, 10.1080/02699930903274322

112.	 Beck TA, Ward HC, Mendelson M, Mock J, Erbaugh J. An inventory 
for measuring depression. Arch Gen Psychiatry 1961, 4:561–571, 
10.1001/archpsyc.1961.01710120031004

113.	 Zhao, F., Gaschler, R., Schnotz, W. & Wagner, I. (2020). Regulating 
distance to the screen while engaging in difficult tasks. Front. 
Learn. Res., 8(6), 59-76, 10.14786/flr.v8i6.663

114.	 Wang, W., Lu, K., Du, Q., Li, C., Wang, J., Wei, Y., Yao, M., Li, S., Li, 
X., Tian, X., Zhang, T., Yin, F. & Ma, Y. (2024). Association between 
depressive duration and cognitive decline in middle-aged 
and older adults: Evidence from the Health and Retirement 
Study 2010–2018. J. Affect. Disord., 354, 286-294, 10.1016/j.
jad.2024.08.017

115.	 Dallaway N, Lucas EJS, Ring C. Effects of Stroop task duration on 
subsequent cognitive and physical performance. Psychol Sport 
Exerc 2023, 68, 10.1016/j.psychsport.2023.102459

116.	 Karim E, Pavel RH, Nikanfar S, Hebri A, Roy A, Nambiappan RH, 
Jaiswal A, Wylie RG, Makedon F. Examining the landscape of cog-
nitive fatigue detection: A comprehensive survey. Technologies 
2024, 12(3):38, 10.3390/technologies12030038

117.	 Miller GA. The magical number seven, plus or minus two: Some 
limits on our capacity for processing information. Psychol Rev 
1956, 63(2):81–97, 10.1037/h0043158)

118.	 Ritchie L. K., Cartledge C. & Kramer S. S. R. Investigating the 
other race effect: Human and computer face matching and 
similarity judgements, Visual Cognition 2023, 31(4), 314-325, 
10.1080/13506285.2023.2250514

119.	 Wong K. H., Estudillo J. A., Stephen D. I. & Keeble T. R. D. The 
other-race effect and holistic processing across racial groups. 
Sci. Rep. 2021, 11(1), 10.1038/s41598-021-87933-1

120.	 Derryberry D, Reed MA. Temperament and attention: Orienting 
toward and away from positive and negative signals. J Pers Soc 
Psychol 1994, 66(6):1128–1139, 10.1037/0022-3514.66.6.1128

121.	 Haas BW, Omura K, Amin Z, Constable RT, Canli T. Functional 
connectivity with the anterior cingulate is associated with ex-
traversion during the emotional Stroop task. Soc Neurosci 2006, 
1(1):16–24, 10.1080/17470910600650753

122.	 Duff K, Callister C, Dennet K, Tometich D. Practice effects: A 
unique cognitive variable. Clin Neuropsychol 2012, 26:1117–1127, 
10.1080/13854046.2012.722685

123.	 Guo Y, Liu P, Huang X. The practice effect on time-based pro-
spective memory: The influences of ongoing task difficulty and 
delay. Front Psychol 2019, 10, 10.3389/fpsyg.2019.02002 


