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INTRODUCTION

Depression affects some cognitive functions such as attention, 
memory, learning, and decision making, although this disorder is 
included within the category of mood disorders in the DSM-5 [1-
4]. Cognitive disorders observed in depression are difficulties in 
making decisions due to slowing down of the thought system and 
tendency to negative thoughts, memory impairment increases with 
the severity of depression, delusions that may lead to suicide due to 
mood disorders and attention disorders [2].

In depression, anatomical and functional changes are also observed 
in the brain [5] Although attention, memory and executive 
functions have been shown to be negatively affected [3,4,6] some 
studies have not found any abnormal results regarding these 
cognitive processes, but neuroimaging findings have been shown to 
indicate a difference in neural activity [7] These abnormalities were 
seen in the Pre Frontal Cortex (PFC) and in subcortical structures 
such as some regions of the striatum, amygdala, and thalamus [8].

A study published in 2016 applied a neuropsychological test battery 
to people diagnosed with major depressive disorder to examine the 

relationship between the severity of major depression symptoms 
and subjective memory complaints, and showed that the scores of 
patients with depressive disorder were significantly lower than the 
healthy controls [9]. It has been reported that people with high 
depression scores have low scores in some functions specific to the 
right hemisphere [10].

According to the results of the NIRS study conducted by Liu et al., 
which deals with the differentiation in brain activity in depression, 
the oxyhemoglobin (oxyHb) changes were observed in bilateral 
PFC and anteromedial PFC in the MDD [11]. 

In a review study, it is said that people with depression perform 
poorly in cognitive tests related to areas such as recognizing 
emotional faces, line direction, 3-D structure perception, spatial 
learning, pattern recognition, and it is shown that the severity of 
depression negatively affects these cognitive functions [10].

There are many neuroimaging studies examining Working Memory 
(WM) and brain connectivity. According to the neuroimaging 
studies, places that show increased activity in tasks related to WM 
include the posterior cingulate cortex and medial frontal areas, 
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which are also parts of the resting state network [12]. Studies 
provide evidence that the frontal cortex is associated with WM [12-
16].

Research using NIRS has generally focused on verbal fluency, 
and publications on visuospatial WM are limited. In the verbal 
fluency experiment of Kawano et al. with Functional Near Infrared 
Spectroscopy (FNIRS), a negative correlation was observed 
between depression score and frontal lobe activity [17]. In the study 
of Kinou et al., people with MDD showed reduced frontopolar 
PFC and DLPFC activity compared to the healthy controls [18]. 
In an FNIRS study using the n-back task, it is stated that MDD 
patients show a decreased activation in the inferior prefrontal 
region compared to the healthy controls [19]. In the visual-spatial 
WM experiments of Schecklmann et al. using NIRS, groups with 
depressive features showed reduced PFC activity, ventrolateral and 
dorsolateral, compared to the healthy controls [20]. In another 
study, although there was no behavioral difference between the 
MDD and the healthy control groups during the verbal fluency 
task, it was reported that there was hypoactivation in the left 
DLPFC as a result of brain imaging performed with NIRS in the 
MDD group [21]. In another NIRS study, hypoactivation in the 
bilateral frontal cortex was observed in depressed individuals in the 
n-back task performed before the ECT application, and an increase 
in the bilateral frontal cortex activation was observed after the ECT 
application [22].

In addition to emotional problems, depressed individuals also 
experience cognitive impairments in the form of visuospatial WM 
impairment. Therefore, understanding the brain structures and 
processes that mediate these cognitive functions will facilitate the 
planning of cognitive rehabilitation based on neuromodulation.

With this study, it was desired to examine the effect of high 
depression symptoms on visuospatial WM performance, to 
examine the topographical representation of visuospatial WM in 
the PFC with FNIRS.

METHODOLOGY 

Study center

The study was carried out in Istanbul Medipol University-South 
Campus-REMER-fINCAN Laboratory.

Participants

The research was conducted with 501 people, who were university 
students/graduates, aged between 18-35 and volunteered to 
participate in the study, which were easily reached through 
sampling, and among these people, a total of 62 individuals with 
the highest and lowest scores on the Beck Depression Scale were 
evaluated in terms of visual-spatial scores. Participated in the back 
experiment. Participants with a BDI score lower than 11 were 
accepted to the Low Depression Score group, and participants with 
a BDI score higher than 23 were accepted to the High Depression 
Score group. Hemodynamic response records were recorded using 
NIRS from 62 people who participated in the visuospatial 2-back 
experiments, 23 people with low depression scores and 11 people 
with high depression scores. In the FNIRS analysis, the groups 
were balanced according to age and education information, and 
were formed randomly, with 11 people in each group. 

Participants who received appropriate scores from the BDI and 
had a neuropsychiatric diagnosis in the past or still, and those 

who received psychotherapy or medical treatment for psychiatric 
diseases in the last 6 months were not included in the experiments.

Experimental procedure

Beck Depression Inventory (BDI): It is a 21-item scale applied based 
on self-report and used clinically for the diagnosis of depression. 
This scale was developed by Beck [23]. This scale was adapted to 
Turkish in 1989 [24]. In this study, 11 points or less were included 
in the Low Depression Score group and 23 points and above were 
included in the High Depression Score group.

State-trait anxiety inventory: A total of 40 self-reported and 
developed by Spielberg used to measure state or trait anxiety [25]. 
20 item “State Anxiety Inventory” section of this scale was used. 
This scale was adapted into Turkish in 1983 [26].

Working memory experiment: The purpose-tailored n-back task 
[27] was used in the research via stimulus presentation software 
e-Prime [28]. In this study, the 2-back paradigm was used and a 
series of sequential stimuli was presented to the participant and the 
participant was expected to decide whether the last stimulus was 
“in the same place” as the two previous stimuli [29].

In the study, the visuospatial 2-back task was applied using stimuli 
with emotional and neutral content: 

• The 2-back paradigm using the human face: In this study used 
the 2-back task adapted from Vermeij et al. used in their study [30]. 
Faces with emotion expression were used in the emotional load 
condition, and neutral faces were used in the neutral stimulus 
condition. In total, there are 2 different blocks containing a human 
face. The facial images used were selected from KDEF [31]. 

• The 2-back paradigm using words: Emotionally loaded in the 
emotional load condition and neutral words in the neutral 
condition are shown, similar to the presentation style of visual 
stimuli. Information on the arousal and valence of the words, 
as well as neutral words and emotion-containing words [32] are 
presented in Table 1.
Table 1: Information about the verbal stimuli used in the experiment and 
their arousal and valence.

Words Emotion Valence Arousal

Friend Positive 8,21 6,65

Delight Positive 8,18 6,13

Smile Positive 8,19 6,75

Peace Positive 8,03 6,38

Vacation Positive 7,78 6,38

Bomb Negative 3,73 7,94

Sadness Negative 3,95 5,89

Cruelty Negative 4,89 7,42

Mourning Negative 4,37 5,66

Slaughter Negative 4,35 6,32

Door Neutral 5,21 2,79

Letter Neutral 5,42 2,94

Clasp Neutral 5,38 3,14

Corner Neutral 5,14 3,22

Sample Neutral 5,25 3,28

NIRS (Near Infrared Spectroscopy): In the study, hemodynamic 
responses were measured with the NIRS device (NIRScout 8-16, 
NIRx Medizintechnik GmbH, Germany) available in the REMER-
fiNCAN Laboratory. Measurements were made by placing the 
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device's 15 optodes (8 source and 7 detector) in the right and left 
PFC areas, and 20 channels, 18 of which were symmetrical and 2 of 
which were in the midline. Optodes are placed in the slots in the 
elastic caps compatible with the international EEG 10/20 system, 
and the distance between the source and the detector is fixed at 3 
cm. NirSite 2021.4 program was used while creating this montage.

In this study, where data were collected by the block design 
method, there is a single block for each condition (neutral faces, 
neutral words, emotional faces, and emotional words). The 
recordings are in continuous wave form and the oxyHb and 
deoxyHb concentration changes were monitored on the screen 
simultaneously with the experiment. This variation is calculated 
according to the modified Beer Lambert Law [33].The "detrend" 
process is applied to the baseline fluctuations in the continuous 
wave that continues throughout the recording with the recorder's 
own software.

Data processing

Hemodynamic brain activation during the 2-back task was recorded 
with the NirStar 15.3 software. The data to which the detrend 
process was applied during the recording were analyzed with the 
nirsLAB program. Noises created by heartbeat, pulse and unwanted 
movements in the NIRS data were eliminated by applying a band 
pass filter (0.01-0.2 Hz). The distance between channels was set as 
3 cm.

Statistical analysis

After the determined parameters were applied to the hemodynamic 
data, the HRF graph was selected using the GLM at the SPM 1 level 
only for the oxyHb data, again via the interface of nirsLAB, for 
analysis at the individual level. ANOVA was used for analyzes at 
SPM 1 level. Independent groups t-test was used in the analyzes 
at SPM 2 level. Statistics on sociodemographic characteristics of 
individuals were calculated using Jamovi [34]. Behavioral data were 
analyzed Mann Whitney-U. The significance level was determined 

as 0.05 for both behavioral data and NIRS data.

RESULTS

Behavioral results

BDI was applied to 501 people in total, and people with a BDI 
score below 11 were assigned to the group with a low BDI score, 
and people with a BDI score above 23 were assigned to the group 
with a high BDI score. The STAI State Anxiety Scale was applied 
to measure state anxiety before the participants in the experiment 
completed the exercise phase and before they started the visuospatial 
WM application. Descriptive statistics of the scales are presented in 
Table 2.
Table 2: Descriptive statistics of BDI and STAI form scales.

 Groups BDI STAI form Education (year) Age

N Low BDI score 37 37 37 37

 High BDI score 25 25 25 25

Mean Low BDI score 5,43 30,7 16,8 23,9

 High BDI score 31,4 42,0 15,8 22,2

Median Low BDI score 6,00 31,0 17,0 24,0

 High BDI score 32,0 42,0 16,0 22,0

Standard 
deviation

Low BDI score 2,88 8,17 2,29 3,04

 High BDI score 4,74 9,02 1,96 2,28

Minimum Low BDI score 0,00 0,00 13,0 19,0

 High BDI score 23,0 21,0 12,0 19,0

Maximum Low BDI score 11,0 47,0 24,0 34,0

 High BDI score 43,0 60,0 19,0 26,0

Behavioral findings based on the correct numbers obtained because 
of the visual spatial 2-back task are analyzed. Analysis results are 
presented in Table 3. We were unable to include some people in 
the analysis due to technical glitches. 

Table 3: Descriptive statistic of behavioral findings of groups separated by BDI score.

 Groups Neutral face Neutral words Emotional words Emotional face Emotional stimulus Neutral stimulus

N Low BDI score 23 23 23 23 23 23

 High BDI score 20 20 20 20 20 20

Mean Low BDI score 29,4 26,6 30,6 30,0 60,6 56,0

 High BDI score 29,9 27,9 29,9 31,2 61,1 57,8

Median Low BDI Score 30,0 27,0 31,0 33,0 64,0 58,0

 High BDI score 32,0 28,0 31,0 32,0 62,5 59,0

Standard 
deviation

Low BDI score 5,02 3,87 3,04 5,94 8,52 8,18

 High BDI score 4,64 3,18 2,58 4,23 5,66 6,90

Minimum Low BDI score 19,0 18,0 24,.0 16,0 42,0 39,0

 High BDI score 21,0 17,0 23,0 22,0 45,0 38,0

Maximum Low BDI score 35,0 31,0 35,0 35,0 70,0 66,0

 High BDI score 35,0 33,0 33,0 35,0 68,0 67,0
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The Mann Whitney-U test was used between the groups to show 
the significance results of the number of correct answers given 
according to the stimulus types. There was no behavioral difference 
between the groups with low BDI scores and high BDI scores 
(p<.05), and the groups showed the same success in the visuospatial 
2-back task.

FNIRS results

Analyzes were made on whether the number of correct responses to 
stimuli differed between the groups. According to the independent 
groups t-test results, no significant difference was observed between 
groups in the neutral face stimulus condition (p<.05), but a 
significant difference was observed between groups in channels 13, 
14 and 18 in the emotional faces condition. The group with a high 
depression score showed higher activation in this condition than 
the control group (Figures 1 and 2).

According to FNIRS results of hemodynamic brain activity in the 
neutral word stimulus condition of the group with low BDI scores 
and high BDI scores, higher activation was observed in channels 
12, 13, 14, 18 and 19 in the right frontal lobe compared to other 
channels, and participants with higher BDI scores were more active 
in these channels.

According to FNIRS results of hemodynamic brain activity in the 
emotional word condition of the group with low BDI scores and 
high BDI scores, higher activation was observed in channels 14 
and 18 in the right frontal lobe compared to other channels, and 
participants with higher BDI scores showed more activation in 
these channels.

Apart from these analyses, the presented stimuli were also analyzed 
as emotional and neutral stimuli. As a result of the independent 
sample t-test performed between groups with low BDI scores and 
high BDI scores, higher activation was observed in channels 14 and 
18 in the right frontal lobe in the group with high BDI scores in 
both neutral stimuli and emotional stimuli conditions compared 
to the control group.

Figure 1: Independent groups t-test results in the neutral face stimulus 
condition, no significant difference was observed.

Figure 2: The group with a high depression score showed higher 
activation in this condition than the control group.

DISCUSSION

The primary aim of this study is to investigate whether there 
will be a difference between behavioral and brain hemodynamic 
responses during the visual-spatial WM task in groups with low 
and high depression scores, although there is no clinical diagnosis. 
Considering the average age of the participants and the difficulty of 
the visuospatial 2-back task, it is predicted that the groups will not 
show a behavioral difference, but there will be a difference in the 
hemodynamic brain response, and this difference will be observed 
as an increase in the right PFC. In this section, the findings of the 
study are discussed in the light of previous studies in the literature.

When sociodemographic characteristics were examined, studies 
were generally conducted with groups in which individuals between 
the ages of 35-45 participated, some of the patient participants 
were treated with drugs in the past/currently using drugs, and the 
duration of education was equalized in years [7,17,18,20-22,35-39].

This research was conducted with equal groups according 
education norms, and the number of participants in the groups 
with low and high BDI scores was equal. Since the relationship 
between depression symptoms and WM in the young population is 
curious, the mean age is smaller than other studies in the literature 
(high BDI score mean ± sd=22.2 ± 2.28, BDI score low mean ± 
sd=23.9 ± 3.04). While some studies were conducted with only 
the patient group without a control group, some of them included 
both the patient and the control group. Our study also differs 
from some studies in the literature in that it includes a control 
group. Our study differs from most studies in the literature in that 
it was conducted with participants who were not diagnosed with 
depression and determined according to their BDI scores.

Tasks used to measure WM are generally n-back [7,19,22,35,38,40] 
and verbal fluency tests[17,18,21,37] but different 
experiments[20,36,39] are available.

In this study, a structured n-back task was designed on the 
visuospatial component of WM. It was expected that the 
participants would keep in mind the place of the stimulus that 
came out 2 before the stimulus they saw and decide whether it 
should be in the same place with the stimulus they saw by making 
a comparison. While designing this task, the stimuli used in 
the experiment were divided into emotional and neutral to see 
whether the behavioral performance and the brain hemodynamic 
response of the participants with a high BDI score differed when 
an emotional stimulus was present. The fact that the locations 
of the stimuli are kept in the mind and manipulated during the 
experiment is a cognitive task that serves the visual spatial sketchpad 
component of Baddeley and Hitch's memory model. In addition, 
the visuospatial n-back task is a unique paradigm in that it consists 
of both verbal and visual stimuli and allows measuring emotional 
and neutral stimuli together [41].

While some of the studies reported that there were behavioral 
differences between MDD and healthy control groups during the 
WM task, some found no difference. The inconsistent results 
of different studies with similar years of education show that a 
consensus cannot be reached in the literature. In this study, no 
significant difference was observed between the two groups in 
behavioral data. The reason for this is thought to be that the sample 
is from the young population. Even if the BDI score is high, the 
participants performed the same as the healthy group. Emotional 
stimuli also did not have a negative effect on the performance of 
the group with a high BDI score. The reason for this brings to mind 
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the idea that emotional stimuli are not stimulating enough. When 
we ignore group and condition differences, right VLPFC activity 
appears to be increased in the visuospatial WM task. On the other 
hand, it was observed that the group with high depression scores 
showed increased activation during the WM task and in the right 
DLPFC [42].

This research was carried out using the NIRS method, which 
has been used frequently in recent years and has come to the 
fore with its easy and fast applicability. Although it is similar to 
Magnetic Resonance Imaging (MRI) in the principle of measuring 
hemodynamic activity, but it cannot reach the activation of 
subcortical brain regions. Due to the similarity with MRI, MRI 
and NIRS studies were emphasized while examining the literature 
for this research [43,44].

In line with the studies examined in the literature, it is seen that the 
findings of our study are compatible with some information, but 
also contradictory with some results. The reason for this may be the 
average age of the participants, as well as the fact that the groups 
with MDD received medical treatment, the variety of WM tasks 
used, the difference in the difficulty of these tasks, the difference 
in the number of participants in the groups and the higher average 
age compared to our study. In our study, even though they were not 
diagnosed with MDD, people with high scores on BDI showed the 
same performance as people with low scores, and increased oxyHb 
change was observed in the right PFC, especially in DLPFC. In 
line with this finding, it is observed that the group with depressive 
features exhibited more PFC activation to achieve the same success 
[45-49].

The findings in the literature state that there is a hemispheric 
asymmetry in depression, and this asymmetry is observed as either 
hypoactivation in the left PFC or hyperactivation in the right PFC. 
Our study also supports the theory of hyperactivation in the right 
PFC

CONCLUSION 

No behavioral difference was observed between the groups with 
low and high Depression scores during the WM task. This may 
be because the task was not difficult enough. According to FNIRS 
results, the group with high depression scores showed increased 
activation in the right MPFC and right DLPFC during the WM 
task. As a result, the group with high depression scores showed 
more PFC activation to achieve the same performance.

ACKNOWLEDGMENTS

Contributions

EY and ÖV designed the study. ÖV collected the data. EY and 
ÖV processed the data and wrote the manuscript. EY helped with 
statistical analysis and revised the manuscript. All authors reviewed 
the paper and approved the final version to be published.

FUNDING

No support was received for this study.

AUTHOR INFORMATION

Erol Yıldırım and Özge Vural have contributed equally to this work.

CONFLICT OF INTEREST

All authors declare that they have no conflict of interest.

ETHICAL APPROVAL

The study was approved by Istanbul Medipol University of Medical 
Science Ethics Committee.

INFORMED CONSENT

All participants were given written informed consents. 

CONSENT TO PUBLISH 

All authors consent to publication of the work.

REFERENCES

1. Akiyama T, Koeda M, Okubo Y, Kimura M. Hypofunction of left 
dorsolateral prefrontal cortex in depression during verbal fluency task: A 
multi-channel near-infrared spectroscopy study. J Affect Disord  2018 Apr; 
231:83-90.

2. Widiger TA, Costa PT, American Psychological Association, editors. 
Personality disorders and the five-factor model of personality. Washington, 
DC: American Psychological Association; 2013.

3. Melchiorre MG, Chiatti C, Lamura G, Torres-Gonzales F, Stankunas 
M, Lindert J, et al. Social support, socio-economic status, health and 
abuse among older people in seven European countries. PloS One. 2013 
Jan;8(1):e54856.

4. Baune BT, Miller R, McAfoose J, Johnson M, Quirk F, Mitchell D. The 
role of cognitive impairment in general functioning in major depression. 
Psychiatry Res. 2010 Apr;176(2-3):183-9.

5. Lundqvist D, Flykt A, Öhman A. The Karolinska Directed Emotional 
Faces (KDEF), 1998. Department of Neurosciences Karolinska Hospital: 
Stockholm, Sweden. 1998.

6. Drevets WC. Neuroimaging studies of mood disorders. Biol Psychiatry. 
2000 Oct;48(8):813-29.

7. Smith EE, Kosslyn SM. Cognitive Psychology: Pearson New International 
Edition PDF eBook: Mind and Brain. Pearson Higher Ed; 2013 Aug.

8. Evans VC, Iverson GL, Yatham LN, Lam RW. The relationship between 
neurocognitive and psychosocial functioning in major depressive disorder: 
A systematic review. J Clin Psychiatry. 2014 Dec; 75(12):17306.

9. Çelik FH, Hocaoğlu Ç. Major depresif bozukluk’tanımı, etyolojisi ve 
epidemiyolojisi: bir gözden geçirme. Çağdaş Tıp Dergisi. 2016;6(1):51-66.

10. Fitzgerald PB, Maller JJ, Hoy KE, Thomson R, Daskalakis ZJ. Exploring the 
optimal site for the localization of dorsolateral prefrontal cortex in brain 
stimulation experiments. Brain Stimul. 2009 Oct;2(4):234-7.

11. Henson R, Fletcher P. Frontal lobes and human memory: Insights from 
functional neuroimaging. Brain. 2001;124:849-81.

12. Golby AJ, Poldrack RA, Brewer JB, Spencer D, Desmond JE, Aron AP, et al. 
Material-specific lateralization in the medial temporal lobe and prefrontal 
cortex during memory encoding. Brain. 2001 Sep;124(9):1841-54.

13. Hampson M, Driesen NR, Skudlarski P, Gore JC, Constable RT. Brain 
connectivity related to working memory performance. J Neurosci. 2006 
Dec;26(51):13338-43.

14. Harvey PO, Fossati P, Pochon JB, Levy R, LeBastard G, Lehéricy S, et al. 
Cognitive control and brain resources in major depression: an fMRI study 
using the n-back task. Neuroimage. 2005 Jul ;26(3):860-9.

15. Hirano J, Takamiya A, Yamagata B, Hotta S, Miyasaka Y, Pu S, et al. Frontal 
and temporal cortical functional recovery after electroconvulsive therapy 
for depression: A longitudinal functional near-infrared spectroscopy study.  
J Psychiatr Res. 2017 Aug;91:26-35.

https://www.sciencedirect.com/science/article/abs/pii/S0165032717318712
https://www.sciencedirect.com/science/article/abs/pii/S0165032717318712
https://www.sciencedirect.com/science/article/abs/pii/S0165032717318712
https://www.jstor.org/stable/j.ctv1chs8rh
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0054856
https://journals.plos.org/plosone/article?id=10.1371/journal.pone.0054856
https://www.sciencedirect.com/science/article/abs/pii/S0165178108004368
https://www.sciencedirect.com/science/article/abs/pii/S0165178108004368
https://www.kdef.se/home/aboutKDEF.html
https://www.kdef.se/home/aboutKDEF.html
https://www.sciencedirect.com/science/article/abs/pii/S0006322300010209
https://www.perlego.com/book/811483/cognitive-psychology-pearson-new-international-edition-mind-and-brain-pdf
https://www.perlego.com/book/811483/cognitive-psychology-pearson-new-international-edition-mind-and-brain-pdf
https://www.psychiatrist.com/jcp/depression/relationship-between-neurocognitive-psychosocial-functioning/
https://www.psychiatrist.com/jcp/depression/relationship-between-neurocognitive-psychosocial-functioning/
https://www.psychiatrist.com/jcp/depression/relationship-between-neurocognitive-psychosocial-functioning/
https://dergipark.org.tr/en/pub/gopctd/issue/24113/255971
https://dergipark.org.tr/en/pub/gopctd/issue/24113/255971
https://www.sciencedirect.com/science/article/abs/pii/S1935861X0900014X
https://www.sciencedirect.com/science/article/abs/pii/S1935861X0900014X
https://www.sciencedirect.com/science/article/abs/pii/S1935861X0900014X
https://academic.oup.com/brain/article/124/5/849/309872
https://academic.oup.com/brain/article/124/5/849/309872
https://academic.oup.com/brain/article/124/9/1841/303298?login=false
https://academic.oup.com/brain/article/124/9/1841/303298?login=false
https://www.jneurosci.org/content/26/51/13338.short
https://www.jneurosci.org/content/26/51/13338.short
https://www.sciencedirect.com/science/article/abs/pii/S1053811905001424
https://www.sciencedirect.com/science/article/abs/pii/S1053811905001424
https://www.sciencedirect.com/science/article/abs/pii/S002239561630499X
https://www.sciencedirect.com/science/article/abs/pii/S002239561630499X
https://www.sciencedirect.com/science/article/abs/pii/S002239561630499X


6

Keleş Ö, et al. OPEN ACCESS Freely available online

J Dep Anxiety, Vol. 11 Iss. 8 No: 1000476

16. Hugdahl K, Rund BR, Lund A, Asbjørnsen A, Egeland J, Ersland L, et al. 
Brain activation measured with fMRI during a mental arithmetic task in 
schizophrenia and major depression. Am J Psychiatry. 2004 Feb;161(2):286-
93.

17. Jamovi [Computer software] (2021): The jamovi project (2021). jamovi. 
(Version 1.8) [Computer Software].

18. Kapucu A, Kılıç A, Özkılıç Y, Sarıbaz B. Turkish emotional word norms 
for arousal, valence, and discrete emotion categories. Psychol Rep. 2021 
Feb;124(1):188-209.

19. Karakulak EZ. Multipl skleroz hastalarında kronik özürlülük oluşturan 
semptomlar üzerinde transkranyal direk akımın (TDCS) etkilerinin 
araştırılması (Master’s thesis, İstanbul Medipol Üniversitesi Sağlık Bilimleri 
Enstitüsü). 

20. Kawano M, Kanazawa T, Kikuyama H, Tsutsumi A, Kinoshita S, Kawabata 
Y, etal Correlation between frontal lobe oxy-hemoglobin and severity of 
depression assessed using near-infrared spectroscopy. J Affect Disord  2016 
Nov ;205:154-8.

21. Kelley WM, Miezin FM, McDermott KB, Buckner RL, Raichle ME, Cohen 
NJ, et al. Hemispheric specialization in human dorsal frontal cortex and 
medial temporal lobe for verbal and nonverbal memory encoding. Neuron. 
1998 May ;20(5):927-36.

22. Kirchner WK. Age differences in short-term retention of rapidly changing 
information. J Exp Psychol. 1958 Apr;55(4):352.

23. Kinou M, Takizawa R, Marumo K, Kawasaki S, Kawakubo Y, Fukuda 
M, etal. Differential spatiotemporal characteristics of the prefrontal 
hemodynamic response and their association with functional impairment 
in schizophrenia and major depression. Schizophr Res. 2013 Nov ;150(2-
3):459-67.

24. Klojčnik M, Kavcic V, Bakracevic Vukman K. Relationship of depression 
with executive functions and visuospatial memory in elderly. Int J Aging 
Hum Dev. 2017 Dec; 85(4):490-503.

25. Kring AM, Davison GC, Neale JM, Johnson SL. Abnormal psychology. 
John Wiley & Sons Inc; 2007.

26. Lee RS, Hermens DF, Porter MA, Redoblado-Hodge MA. A meta-analysis 
of cognitive deficits in first-episode major depressive disorder. J Affect 
Disord. 2012 Oct;140(2):113-24.

27. Levin RL, Heller W, Mohanty A, Herrington JD, Miller GA. Cognitive 
deficits in depression and functional specificity of regional brain activity. 
Cogn Ther Res. 2007 Apr;31(2):211-33.

28. Liu X, Sun G, Zhang X, Xu B, Shen C, Shi L,et al. Relationship between 
the prefrontal function and the severity of the emotional symptoms during 
a verbal fluency task in patients with major depressive disorder: A multi-
channel NIRS study. Prog Neuropsychopharmacol Biol Psychiatry. 2014 
Oct; 54:114-21.

29. Matsuo K, Glahn DC, Peluso MA, Hatch JP, Monkul ES, Najt P, et al. 
Prefrontal hyperactivation during working memory task in untreated 
individuals with major depressive disorder. Mol Psychiatry. 2007 
Feb;12(2):158-66.

30. Mohn C, Rund BR. Neurocognitive profile in major depressive disorders: 
Relationship to symptom level and subjective memory complaints. BMC 
psychiatry. 2016 Dec;16(1):1-6.

31. Oner N, Le Compte A. Durumluk Surekli Kaygı Envanteri El Kitabı 
(State Trait Anxiety Inventory Handbook). Istanbul: Boğaziçi Üniversitesi 
Yayınları. 1983.

32. Norbury R, Godlewska B, Cowen PJ. When less is more: A functional 
magnetic resonance imaging study of verbal working memory in remitted 
depressed patients. Psychological medicine. 2014 Apr; 44(6):1197-203.

33. Nystrom LE, Braver TS, Sabb FW, Delgado MR, Noll DC, Cohen JD. 
Working memory for letters, shapes, and locations: fMRI evidence 
against stimulus-based regional organization in human prefrontal cortex. 
Neuroimage. 2000 May;11(5):424-46.

34. Okada G, Okamoto Y, Morinobu S, Yamawaki S, Yokota N. Attenuated 
left prefrontal activation during a verbal fluency task in patients with 
depression. Neuropsychobiology. 2003; 47(1):21-6.

35. Okamoto M, Dan H, Sakamoto K, Takeo K, Shimizu K, Kohno S, et al. 
Three-dimensional probabilistic anatomical cranio-cerebral correlation via 
the international 10–20 system oriented for transcranial functional brain 
mapping. Neuroimage. 2004 Jan; 21(1):99-111.

36. Psychology Software Tools. E-Prime (Version 2) [Computer software]. 
Pittsburgh, PA. 

37. Savitz J, Drevets WC. Bipolar and major depressive disorder: Neuroimaging 
the developmental-degenerative divide. Neurosci Biobehav Rev. 2009 May; 
33(5):699-771.

38. Schecklmann M, Dresler T, Beck S, Jay JT, Febres R, Haeusler J, et al. 
Reduced prefrontal oxygenation during object and spatial visual working 
memory in unpolar and bipolar depression. Psychiatry Res. Neuroimaging. 
2011 Dec ;194(3):378-84.

39. Sheremata SL, Bettencourt KC, Somers DC. Hemispheric asymmetry in 
visuotopic posterior parietal cortex emerges with visual short-term memory 
load. J Neurosci. 2010 Sep; 30(38):12581-8.

40. Soveri A, Antfolk J, Karlsson L, Salo B, Laine M. Working memory 
training revisited: A multi-level meta-analysis of n-back training studies. 
Psychonomic bulletin & review. 2017 Aug; 24(4):1077-96.

41. Spielberger CD, Gorsuch RL, Lushene R, Vagg PR, Jacobs GA. , et al. 
Manual for the State-Trait Anxiety Inventory. Palo Alto, CA: Consulting 
Psychologists Press; 1983.

42. Şahin HN, Batigün DA, Uğurtaş S. Kısa Semptom Envanteri (KSE): 
Ergenler için kullanımının geçerlik, güvenilirlik ve faktör yapısı. Türk 
Psikiyatri Dergisi. 2002; 13(2):125-35.

43. Thibodeau R, Jorgensen RS, Kim S. Depression, anxiety, and resting 
frontal EEG asymmetry: A meta-analytic review. J Abnorm Psychol. 2006 
Nov; 115(4):715.

44. Vermeij A, van Beek AH, Reijs BL, Claassen JA, Kessels RP. An exploratory 
study of the effects of spatial working-memory load on prefrontal activation 
in low-and high-performing elderly. Front Aging Neurosci. 2014 Nov; 
6:303.

45. Wagner AD, Desmond JE, Glover GH, Gabrieli JD. Prefrontal cortex and 
recognition memory. Functional-MRI evidence for context-dependent 
retrieval processes. Brain: J Neurol. 1998 Oct; 121(10):1985-2002.

46. Wagner G, Sinsel E, Sobanski T, Köhler S, Marinou V, Mentzel HJ, et al. 
Cortical inefficiency in patients with unipolar depression: An event-related 
FMRI study with the Stroop task. Biol Psychiatry. 2006 May;59(10):958-65.

47. Yüksel D, Dietsche B, Konrad C, Dannlowski U, Kircher T, Krug A. Neural 
correlates of working memory in first episode and recurrent depression: 
An fMRI study. Prog Neuropsychopharmacol Biol Psychiatry. 2018 Jun; 
84:39-49.

48. Zaninotto L, Guglielmo R, Calati R, Ioime L, Camardese G, Janiri L, et al. 
Cognitive markers of psychotic unipolar depression: A meta-analytic study. 
J Affect Disord. 2015 Mar; 174:580-8.

49. Zhu Y,Quan W, Wang H, Ma Y, Yan J, Zhang H, et al. Prefrontal activation 
during a working memory task differs between patients with unipolar and 
bipolar depression: A preliminary exploratory study. J Affect Disord. 2018 
Jan; 225:64-70.

https://ajp.psychiatryonline.org/doi/full/10.1176/appi.ajp.161.2.286
https://ajp.psychiatryonline.org/doi/full/10.1176/appi.ajp.161.2.286
https://journals.sagepub.com/doi/full/10.1177/0033294118814722
https://journals.sagepub.com/doi/full/10.1177/0033294118814722
https://acikerisim.medipol.edu.tr/xmlui/handle/20.500.12511/7203
https://acikerisim.medipol.edu.tr/xmlui/handle/20.500.12511/7203
https://acikerisim.medipol.edu.tr/xmlui/handle/20.500.12511/7203
https://www.sciencedirect.com/science/article/pii/S0165032716307066
https://www.sciencedirect.com/science/article/pii/S0165032716307066
https://www.sciencedirect.com/science/article/pii/S0896627300804742
https://www.sciencedirect.com/science/article/pii/S0896627300804742
https://psycnet.apa.org/record/1959-07784-001
https://psycnet.apa.org/record/1959-07784-001
https://www.sciencedirect.com/science/article/abs/pii/S0920996413004623
https://www.sciencedirect.com/science/article/abs/pii/S0920996413004623
https://www.sciencedirect.com/science/article/abs/pii/S0920996413004623
https://journals.sagepub.com/doi/abs/10.1177/0091415017712186
https://journals.sagepub.com/doi/abs/10.1177/0091415017712186
https://psycnet.apa.org/record/2006-00613-000
https://www.sciencedirect.com/science/article/abs/pii/S0165032711006720
https://www.sciencedirect.com/science/article/abs/pii/S0165032711006720
https://link.springer.com/article/10.1007/s10608-007-9128-z
https://link.springer.com/article/10.1007/s10608-007-9128-z
https://www.sciencedirect.com/science/article/abs/pii/S0278584614000967
https://www.sciencedirect.com/science/article/abs/pii/S0278584614000967
https://www.sciencedirect.com/science/article/abs/pii/S0278584614000967
https://www.sciencedirect.com/science/article/abs/pii/S0278584614000967
https://www.nature.com/articles/4001894
https://www.nature.com/articles/4001894
https://bmcpsychiatry.biomedcentral.com/articles/10.1186/s12888-016-0815-8
https://bmcpsychiatry.biomedcentral.com/articles/10.1186/s12888-016-0815-8
https://www.scirp.org/(S(i43dyn45teexjx455qlt3d2q))/reference/ReferencesPapers.aspx?ReferenceID=1959191
https://www.scirp.org/(S(i43dyn45teexjx455qlt3d2q))/reference/ReferencesPapers.aspx?ReferenceID=1959191
https://www.cambridge.org/core/journals/psychological-medicine/article/abs/when-less-is-more-a-functional-magnetic-resonance-imaging-study-of-verbal-working-memory-in-remitted-depressed-patients/47CEB076E725B7405EA789596C6A31DC
https://www.cambridge.org/core/journals/psychological-medicine/article/abs/when-less-is-more-a-functional-magnetic-resonance-imaging-study-of-verbal-working-memory-in-remitted-depressed-patients/47CEB076E725B7405EA789596C6A31DC
https://www.cambridge.org/core/journals/psychological-medicine/article/abs/when-less-is-more-a-functional-magnetic-resonance-imaging-study-of-verbal-working-memory-in-remitted-depressed-patients/47CEB076E725B7405EA789596C6A31DC
https://www.sciencedirect.com/science/article/abs/pii/S105381190090572X
https://www.sciencedirect.com/science/article/abs/pii/S105381190090572X
https://www.karger.com/Article/Abstract/68871
https://www.karger.com/Article/Abstract/68871
https://www.karger.com/Article/Abstract/68871
https://www.sciencedirect.com/science/article/abs/pii/S1053811903005366
https://www.sciencedirect.com/science/article/abs/pii/S1053811903005366
https://www.sciencedirect.com/science/article/abs/pii/S1053811903005366
https://www.sciencedirect.com/science/article/abs/pii/S0149763409000062
https://www.sciencedirect.com/science/article/abs/pii/S0149763409000062
https://www.sciencedirect.com/science/article/abs/pii/S0925492711000448
https://www.sciencedirect.com/science/article/abs/pii/S0925492711000448
https://www.jneurosci.org/content/30/38/12581.short
https://www.jneurosci.org/content/30/38/12581.short
https://www.jneurosci.org/content/30/38/12581.short
https://link.springer.com/article/10.3758/s13423-016-1217-0
https://link.springer.com/article/10.3758/s13423-016-1217-0
https://search.trdizin.gov.tr/yayin/detay/19460/
https://search.trdizin.gov.tr/yayin/detay/19460/
https://psycnet.apa.org/fulltext/2006-20696-007.html
https://psycnet.apa.org/fulltext/2006-20696-007.html
https://www.frontiersin.org/articles/10.3389/fnagi.2014.00303/full
https://www.frontiersin.org/articles/10.3389/fnagi.2014.00303/full
https://www.frontiersin.org/articles/10.3389/fnagi.2014.00303/full
https://academic.oup.com/brain/article/121/10/1985/265629
https://academic.oup.com/brain/article/121/10/1985/265629
https://academic.oup.com/brain/article/121/10/1985/265629
https://www.sciencedirect.com/science/article/abs/pii/S0006322305014344
https://www.sciencedirect.com/science/article/abs/pii/S0006322305014344
https://www.sciencedirect.com/science/article/abs/pii/S0278584617307972
https://www.sciencedirect.com/science/article/abs/pii/S0278584617307972
https://www.sciencedirect.com/science/article/abs/pii/S0278584617307972
https://www.sciencedirect.com/science/article/abs/pii/S016503271400737X
https://www.sciencedirect.com/science/article/abs/pii/S0165032717300332
https://www.sciencedirect.com/science/article/abs/pii/S0165032717300332
https://www.sciencedirect.com/science/article/abs/pii/S0165032717300332

