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Abstract 

Background: The aim of this study was to investigate the effectiveness of emotional stimulus-based 

working memory training in improving the cognitive emotion regulation strategies in adolescents 

with Post-Traumatic Stress Disorders (PTSD). 

Methods: Based on the framework of single case and using multiple –baselines, 3 adolescents (2 

females, 1 male) were candidated from one of the Labor Child Educational Centers of Karaj, using 2 

instruments (SCID-I) and (IES-R). The participants, one by one, participated in 20 sessions of 

emotional working memory training. All participants were assessed during three stages (pre-training, 

during training, and 2-month follow-up), using Cognitive Emotion Regulation Questionnaire-Kids 

form (CERQ-k). Data were analyzed using the indexes for trend changes, gradients and revision of 

the charts, and the clinical significance was determined using Cohen's index, recovery percent and 

effect size. 

Results: The results showed that emotional stimulus-based working memory training is significantly 

effective in increasing adaptive strategies and reducing maladaptive strategies of cognitive emotion 

regulation in adolescent with PTSD. 

Conclusion: According to the results, emotional stimulus-based working memory training can be an 

effective alternative for improving the cognitive emotion regulation strategies in adolescents with 

PTSD. 
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Introduction 

Although stress has an important role in preparing 

individuals to respond to the problems in everyday life, but 

high levels of stress have destructive and harmful effects on 

regular performances and can lead to mental disorders. One of 

the mental disorders in which stress plays a significant role 

which is caused by a stressful experience, is post-traumatic 

stress disorder [PTSD] (1). PTSD is a severe mental disorder 
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resulted from a stressful event with a very threatening or 

disastrous nature. It is associated with symptoms such as 

recalling and returning unwanted memory in the form of 

intrusive thoughts, nightmare and avoiding trauma-related 

stimuli. The condition ultimately causes changes in the 

emotional and cognitive processes such as memory, attention, 

planning, and problem solving (2,3). 

The importance of the effects of exposure to distressing 

events during adolescence is different when compared with 

the other life stages as the adolescence is the period that the 

adolescents acquire their identity. Such the events can 

potentially prevent a person from having a positive and 

successful development in adolescence (4). Additionally, 

adolescence is associated with the onset of puberty and may 

lead to more emotional and behavioral problems in 

adolescents (5). The experience of a traumatic event in 

adolescents creates feelings of guilt, sadness, embarrassment, 

shame, and, consequently, the inability to regulate these 

emotions (6). 

There are corroborated findings have shown that people 

with PTSD face with emotional regulation problems (7, 8). 

Emotional regulation is a goal-oriented process designed to 

influence the severity, duration, type of excitement 

experienced and is a process by which individuals can 

modulate their emotions consciously and unconsciously (9, 

10).  

One of the most common strategies for management and 

regulation of emotional experiences and emotional stimulus is 

the use of strategies that emphasize the cognitive aspects of 

coping, which are known as cognitive emotion regulation 

strategies (11). In this regard, nine cognitive emotion 

regulation strategies have been identified that are generally 

classified into adaptive strategies (acceptance, positive 

refocus, refocus on planning, positive reappraisal and putting 

into perspective) and maladaptive strategies (self-blame, 

catastrophizing, rumination, and other-blame) (12, 13). 

People with PTSD, repeatedly suppress their emotional 

states to reduce unpleasant feelings that have experienced in a 

stressful event (14), but the lack of verbal expression of these 

emotions causes intense emotional arousal. In fact, they are 

radically using maladaptive emotion regulation strategies. On 

the other hand, adaptive emotion regulation strategies, such as 

cognitive appraisal, are rarely used to cope with a stressful 

event. The most common problems is that emotion regulation 

associated with more severity of symptoms in people with 

PTSD. Whatever the individuals use of maladaptive emotion 

regulation strategies to regulate their emotions and avoid using 

adaptive strategies, the severity of PTSD symptoms will be 

more pronounced (15, 16). 

Since the people with PTSD to experience negative 

emotions faster and more severe than the others. They face 

with some problems in modifying and regulation of these 

emotions, hence to encounter problems in identifying and 

understanding their emotions. For this reason, emotions are 

considered as a disturbing and unpleasant source of 

information rather than a source of information for emotion 

regulation. As a result, people with PTSD try to avoid or 

control their emotions (17). 

In addition to impaired emotion regulation, people with 

PTSD (18), to use maladaptive cognitive strategies to 

eliminate anxiety symptoms and to escape from the 

experience of negative emotions. Research (15) suggest that 

people with PTSD, are using significantly higher levels of 

rumination, self-blame and catastrophizing strategies. Given 
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that these patients experience negative emotions after 

reminding their stressful memories, and making use of 

maladaptive emotion regulation strategies to escape from such 

a situation leading to continuation of the disorder, it is 

accepted that they have a negative appraisals of their 

emotions. 

Several studies have shown a strong relationship between 

cognitive emotion regulation and PTSD and other mental 

disorders (18, 16), They have suggested that cognitive 

emotion regulation problems may even remain after recovery 

(19). For this reason, the increased ability of cognitive emotion 

regulation can be a great help for these patients and thus it is 

worthwhile to perform some interventions using specific 

strategies in patients with PTSD in order to improve their 

cognitive emotion regulation. 

So far, many efforts have been made to increase the 

emotion regulation strategies; however, most of these methods 

are costly and have been limited to the therapeutic, 

neurological and invasive methods of brain surgery, such as 

deep brain stimulation (DBS) (20, 21, 22). However, recent 

advances in cognitive neuroscience suggest that emotion 

regulation can be increased through appropriate computer 

programs, which are much less costly in terms of human and 

financial resources, and also can be provided for all people 

through the Internet (23). According to the study of Schweizer 

et al., (24), modified working memory training using 

emotional stimuli can improve cognitive-emotional control 

and emotion regulation in the short run. Emotional working 

memory training is a dual (audio-visual) memory training 

program in which the participant receives emotional training 

in addition to cognitive training using emotional audio-visual 

stimuli (16). 

People who received emotional working memory training 

showed better performance in emotional Stroop task than 

those who received cognitive working memory training. 

Emotional working memory refers to the ability to identify, 

understand, and regulate emotions and also to the function of 

short-term memory in encoding, storing, and retrieving 

emotional information (25). 

Several studies have confirmed the relationship between 

working memory and emotions. Schmeichel, Volokhov, and 

Demaree (26) have shown that people with a higher working 

memory capacity have the ability to manage facial expressions 

and adopt a non-emotional attitude when face with emotional 

stimuli. Regarding the theoretical foundations and the results 

of the research, there seems to be a separate mechanism for 

storing the emotions in working memory (21). Storing 

emotions as a specific function of emotional working memory 

plays a key role in decision making, emotion regulation (27), 

rumination in depressed people (28), and in the onset of 

judging past and future experiences (29).  

The main feature of emotional working memory training 

is that the capacity of emotional working memory is a separate 

process from cognitive abilities, and given the fact that the 

emotional stimuli associated with disruption are used in the 

training, one can hope that significant advances to be observed 

after the emotion regulation processes (30). 

Despite the high prevalence of PTSD among adolescents 

and its problems, as well as its prognosis and the essential role 

of emotion regulation skills in controlling the emotional state 

of the patients with PTSD, most of the studies have been 

conducted on adults and clinical subjects so far. Therefore, it 

seems necessary to use new methods for research on and 

treatment of the disorder in adolescents. On the other hand, 
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due to the importance of emotional working memory in 

improving the emotion regulation (31), the present study 

aimed to investigate the effectiveness of emotional stimulus-

based working memory training in improving the cognitive 

emotion regulation in adolescents with post- traumatic stress 

disorder (PTSD).  

 

Materials and Methods 

The present study is based on a single-subject designs 

using a step-by-step multiple base lines design. In this study, 

working memory training was considered as an independent 

variable and adaptive and maladaptive strategies of emotion 

cognitive regulation were considered as dependent variables. 

The population included all adolescents with PTSD in 

Karaj. Using convenience sampling, 3 adolescents (2 females, 

1 male) with mean age of 16 were selected from Khane Mehr 

Center (one of the centers affiliated with the Society for 

Protection of Working and Street Children) in Karaj as 

patients with PTSD. Patients were selected based on the 

Impact of Events Scale-revised (IES-R) questionnaire and the 

results of structured clinical interview. It should be noted that 

the participants were also evaluated for other mental disorders 

and the results showed that none of the participants met the 

other mental disorders diagnostic criteria. It was revealed that 

all participants met PTSD diagnostic criteria (symptoms such 

as nightmares, frequently reminding stressful memories, 

avoidance of stressful situations, physical problems such as 

transpiration, tremor, irritability and aggression, 

unconsciousness and selflessness). The participants did not 

receive any specific medical or psychological treatment during 

the research process.  

Participant I: A 16-year-old boy who was studying at 

Khane Mehr Center of Karaj. At the age of seven, when he 

was alone at home, a thief came to their home and beat him. 

After this event, he constantly experienced PTSD symptoms 

such as nightmares, fear of darkness, emotional problems, 

heart palpitations, and transpiration during nightmares. 

Participant II: A 16-year-old girl whose father was 

addicted and hanged himself because of financial, family, and 

addiction problems, and she was the only witness to the event. 

It was happened when she was 8-year-old. After this event, 

she had PTSD symptoms such as fear, anxiety, heart 

palpitations, nightmares, and social and communicative 

problems. 

Participant III: A 16-year-old girl who had been sexually 

abused by her cousin 2 years ago. After the event, she had 

PTSD Symptoms such as fear, nightmare, rumination, heart 

palpitations, sweating, shortness of breath, and limited social 

relationships. 

 

Data Collection Instruments 

1) Structured Clinical Interview for DSM-IV  

This interview is a comprehensive and standard tool 

designed to evaluate major psychiatric disorders based on the 

DSM-IV diagnostic criteria and used for clinical and research 

purposes (32). In a study conducted by Mohammadkhani and 

colleagues, the validity and reliability of SCID were 

established for clinical trials, which can be used to confirm a 

valid and accurate diagnosis (33). 

 

2) Impact of Event Scale 

In this study, this questionnaire was used to 

determine the severity of post-traumatic stress disorder. 
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This scale has been designed to measure common 

mental discomfort after a life-threatening incident in 

life, and consists of 22 items, 8 of which measure 

avoidance, 8 to measure intrusive thoughts and images, 

and 6 to measure hyperarousal. The highest score was 

88 (34). In the Iranian population, the pre-test reliability 

coefficient for avoidance (.89), intrusive thoughts and 

images (.94) and arousal (.92) was determined (35). 

 

3) Cognitive Emotion Regulation Questionnaire 

This questionnaire was designed by Garnefski (1999) to 

assess the cognitive strategies of individuals in response to 

life-threatening and stressful experiences (35). The 

questionnaire is a 36-item self-report instrument (36), which 

measures 9 different subscales (self-blame, other-blame, 

acceptance, rumination, positive refocus, refocus on planning, 

positive reappraisal, and catastrophizing and putting into 

perspective) (37). Scores range from 1 (almost never) to 5 

(almost always). The obtained Cronbach's alpha (ranging 

from. 68 to. 82) showed that the Persian version of the 

questionnaire was valid, and analysis of the main component 

explained the variance (75%) and confirmed the 

questionnaire. High correlation between the subscales has 

been reported (38). 

 

4) Emotional Stimulus-based Working Memory Training 

Program 

In this study, emotional working memory training 

program was employed to train the emotional working 

memory according to the original version of the protocol by 

Schweizer and colleagues (30, 39). This program was 

designed in the C# programming environment and included 

an emotional N-back task that simultaneously displays a four-

by-four-inch face within 500-milliseconds, 1 matrix on the 

monitor and a word repeats for 500-milliseconds in the 

headphones. The participants were asked to match each pair of 

images/words presented for 250-milliseconds by pressing a 

button and responding to one or both stimuli simultaneously. 

60% of the words such as sexual abuse and death and faces 

such as fears, sadness, and anger were emotionally negative in 

accordance with the trauma of the samples, and 40% were 

emotionally neutral (such as a wardrobe and chair). 

Auditory words from Self-assessment Mankin test were 

selected from 2000 common Persian words that were 

standardized by Nazari et al., (40). For emotional faces, the 

Emotional Face Foundation provided by Department of 

Clinical Neuroscience, Karolinska Institute in Sweden, was 

also used while all rights were reserved (41). The task had 

audiovisual feedback, so that giving wrong or no answer to the 

target's audio stimulus leading to hear an unpleasant sound 

and correct answer to the target's stimulus leading to hear a 

pleasant sound. In addition, giving wrong or no answer to the 

target's stimulus was presented by a sad face in red color and 

giving correct answer, presented by a smiley face in green 

colour (Fig. 1). The software started with one step back by 

default. 

In order for the subjects to have the highest level of 

performance, the lower threshold was proposed 20 and the 

upper threshold, 60. If the number of correct answers of the 

participants was higher than 60%, one stage would be added 

to the test, and if the number of correct answers was lower 

than 20%, one stage of the test would be reduced. The 

program was displayed on Lenovo laptop 15.5-inches screen 

which was directly 55 cm away from the participant. 
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Fig 1. Schematic design of emotional working memory program

 

In the first stage, the participants were identified based on 

the inclusion criteria, and in order to preserve the research 

ethics, the purpose of the research and training method was 

explained to the participants and their possible questions were 

answered. Then, an informed consent form was signed by the 

participants, their parents and authorities of the center. It 

should be noted that this study was based on a study with 

larger population approved by the Ethics and Research 

Committee of Kharazmi University in Tehran.  

Before the onset of the process of emotional stimulus-

based working memory training, participants were asked to 

complete Cognitive Emotion Regulation Questionnaire-Kids 

form (CERQ-k) for assessing cognitive emotion regulation 

strategies. Then the people participated in the emotional 

working memory training sessions. 

Before the onset of training sessions, and in order to being 

familiarized with training software, participants were asked to 

read the written instructions for completing the test. In 

addition, once again the researcher has explained them 

verbally how to implement the training software. Then, 

training sessions were held in 20 consecutive days except 

Thursday and Friday and in the 30-45 minute sessions. During 

the training process, the participants completed the 

questionnaire on sessions 4, 8, 12, 16, and 20. At the end of 

the sessions, and while the participants had received no 

treatment, they were asked to complete the questionnaire 

again to ensure that the effect of emotional stimulus-based 

working memory training was stable. At the end of the study, 

a gift was donated to the participants to appreciate them for 

participation in the research. 

In order to analyze and interpret the collected data 

according to single-subject experimental design, changing 

trend, gradients and clinical significance percent or the effect 

sizes were calculated for each participant. The scores of 
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adaptive and maladaptive strategies during the training 

sessions were separately presented on the charts for each 

participant (figures 1-3). 

Results 

Table 1 shows changes in the scores of adaptive and 

maladaptive strategies in the emotional cognitive regulation 

questionnaire for all three participants during the baseline, in 5 

sessions during the intervention and at a two-month follow-up 

period. 
 

Table 1. Score variations of adaptive and maladaptive strategies in emotional cognitive regulation for the three participants during twenty training 
sessions 

 

 

 

 

According to Table 1, all participants showed changes in 

the scores of adaptive and maladaptive strategies so that 

adaptive strategies score, from baseline stage to follow-up, has 

been increased but the score of maladaptive strategies, from 

the baseline stage to follow-up, has been decreased. To 

analyze the performance of the participants, indicators of 

process change, gradients, and effect size of the participants' 

scores were evaluated using the following formulas (Table 1): 

MPI = [(Baseline Mean – Treatment Phase Mean) / 

Baseline Mean] × 100 

MPR = [(Baseline Mean – Treatment Phase Mean) / 

Treatment Phase Mean] × 100 

Cohen's d = M1 - M2 / σ pooled 

Where σ pooled = √[(σ1²+ σ2²) / 2] 

 

In these formulas, MPI represents recovery percent; MPR, 

percent of grades reduction; and Cohen's d, the effect size. 

These indicators show process change, gradiants and effect 

size, respectively (16). 

The effect size, MPR, and MPI were significant for all 

participants. The highest significance and effect size were 

found in the adaptive strategies of the first participant (d1=-

0.78) during the intervention period and d2=-0.99 in the 

follow-up period) and the least significance and effect size 

were found in the adaptive strategies of the second participant 

(d1=-0.56 in the intervention period). Also, the highest 

significance and effect size were found in the maladaptive 

strategies of the first and second participants (d1=0.87 during 

the intervention period and d2=0.99 in the follow-up period) 

(Table 2). 

 
 

 

 

 

 

 

 

Participants Strategies Base line Session 4 Session 8 Session 12 Session 16 Session 20 Follow-up

The first
Adaptive 55 58 62 62 69 70 75

Maladaptive 37 32 31 28 28 24 21

The second
Adaptive 54 55 54 59 65 69 73

Maladaptive 35 30 28 27 23 22 18

The third
Adaptive 35 37 43 46 52 57 61

Maladaptive 42 42 38 35 34 32 29
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Table 2. Indicators of process changes, gradients, and effect size of participants’ scores

Participants The First Participants The Second Participants The Third Participants

Variables Adaptive 

Strategies

Maladaptive 

Strategies

Adaptive 

Strategies

Maladaptive 

Strategies 

Adaptive 

Strategies

Maladaptive 

Strategies

Base line 55 37 54 35 35 42

Average intervention 64.20 28.60 60.40 26 47 36.2

Standard deviation 5.11 3.13 6.46 3.39 7.77 3.89

Recovery percent MPI -16.72 22.70 -11.85 25.71 -34.28 13.80

Percent of grades reduction

(MPR)

-14.33 29.37 -10.59 34.61 -25.53 16.02

Effect size (d1) -0.78 0.87 -0.56 0.87 -0.73 0.71

Follow-up 75 21 73 18 61 29

Recovery percent (MPI) -36.36 43.24 -35.18 48.57 -74.28 30.95

Percent of grades reduction 

(MPR) 

-26.66 76.19 -29.37 94.44 -42.62 44.82

Effect size (d2) -0.99 0.99 -0.99 0.99 -0.99 0.98

 

The least significance effect size was also found in 

maladaptive strategies of the third participant (d1=0.71 during 

the intervention period and d2=0.98 in the follow-up period) 

(Table 2). The first participant showed the highest 

significance, MPI, and effect size. The findings show that 

emotional working memory training improves adaptive and 

maladaptive strategies in all participants from baseline to 

follow-up (Table 2). In figures 1-3, changes in the scores of 

adaptive and maladaptive cognitive emotion regulation 

strategies for each participant were represented. 

 

 

  

 

 

 

 

 

 

 

 

 
FIG 1. Changes in the scores of adaptive and maladaptive cognitive emotion regulation strategies for the first participant

 

As shown in figure 1, the first participant showed a 

significant increase in the scores of adaptive strategies from 

baseline to follow-up. Changes in the scores shows a 

significant decrease in the scores of maladaptive strategies 

from baseline to follow-up. Therefore, the emotional working 

memory training was effective in improving the adaptive and 

maladaptive strategies in this participant from the baseline to 

follow-up stage. 
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FIG 2. Changes in the scores of adaptive and maladaptive cognitive emotion regulation strategies for the second participant

 

According to figure 2, the second participant showed a 

significant increase in the scores of adaptive strategies from 

the baseline to follow-up stage; this increase was slow until 

session 8 but after that, a more rapid increase was reported. 

This participant also showed significant decrease in the scores 

of maladaptive strategies, which have reached the lowest score 

and highest improvement until the follow-up stage. Changes 

in the scores indicate that emotional working memory training 

was effective in improving the adaptive and maladaptive 

cognitive emotion regulation strategies in this participant. 

 

 

 

 

 

 

 

 

 

 

 

 
FIG 3. Changes in the scores of adaptive and maladaptive cognitive emotion regulation strategies in the third participant 

The third participant showed significant changes in the 

scores of adaptive and maladaptive strategies. In other words, 

this participant showed a significant increase in the scores of 

adaptive strategies from the baseline to follow-up stage, and 
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also a significant decrease in the scores of maladaptive 

strategies from the baseline to follow-up stage. The results 

showed that emotional working memory training was 

effective in improving adaptive and maladaptive cognitive 

emotion regulation strategies (figure 3). 

Finally, in addition to analyzing the data individually, the 

changes in the scores of adaptive and maladaptive strategies 

for all three participants were compared. For this purpose, a 

repeated measurement Anova was used; however, before 

performing this test, sphericity was evaluated for the mean 

scores of adaptive and maladaptive strategies separately by 

using Mauchly's sphericity test. The results of this test were 

not significant for both strategies, which shows that the 

assumption of homogenity of covariance of adaptive and 

maladaptive strategies was not different at different stages of 

the assessment and sphericity was observed (Table 3). 
 

Table 3. Results of repeated measurement test for adaptive and maladaptive strategies

Variables Sources of Changes
Sum of 

Squares

Degree of 

Freedom

Average 

Squares
F

Significance 

(P-value)

Adaptive variables 
Evaluation process 1198.66 6 199.77

48.03 0.001
Error 49.90 12 4.15

Maladaptive variables
Evaluation process 489.61 6 81.60

66.76 0.001
Error 14.66 12 1.22

 

As shown in Table 3, there is a significant difference 

between mean scores of adaptive strategies at different 

stages of the assessment (baseline, session 4, 8, 12, 16, 20, 

and follow-up) (P<0.001, F (12,6)=48.03). Due to the 

significance of this result and for pairwise comparisons of 

different stages of the evaluation, Bonferroni test was 

used. The results showed that there is a significant 

difference between the mean scores of adaptive strategies 

at stage 4 and follow-up (P<0.05); however, the mean 

scores at follow-up (69.66) were higher than those at 

session 4 (50). 

In other words, emotional working memory training 

increased adaptive strategies among participants. As shown in 

Table 3, there is a significant difference between the mean 

scores at different stages of the assessment (P<0.001). The 

results of Benfrown's test also showed a significant difference 

between mean scores of maladaptive strategies at session 4 

and follow-up (P<0.05), and those at session 8 and follow-up 

(P<0.05), so that the mean scores at follow-up stage (22.66) 

were lower than those at session 4 (34.66) and 8 (32.33). In 

other words, emotional working memory training reduced 

maladaptive strategies in participants. 

 

Discussion 

The purpose of this study was to investigate the 

effectiveness of emotional stimulus-based working memory 

training on cognitive emotion regulation in adolescents with 

PTSD. The results of this study showed that emotional 

stimulus-based working memory training led to an increase in 

the adaptive strategies (acceptance, positive refocus, refocus 

on planning, positive reappraisal and putting into perspective) 

and a decrease in the maladaptive cognitive emotion 

regulation strategies (self-blame, catastrophizing, rumination, 

and other-blame) in all three participants, which is consistent 

with the results of other studies (23, 39). 

In addition, a positive relationship was observed between 

working memory capacity and cognitive emotion regulation 

strategies (26). According to theoretical foundations, by 
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increase of the working memory capacity, at any rate, emotion 

regulation strategies also change. In other words, this increase 

lead to increase of adaptive strategies and reduction of 

maladaptive strategies. People with a higher working memory 

capacity are more capable of suppressing facial expressions 

and are being able to adopt a non-emotional attitude when 

they are exposed to an emotional stimulus (26). Accordingly, 

the results of a study indicated that emotional stimulus-based 

working memory training in adolescents with social and 

emotional problems improved cognitive emotion regulation 

strategies (42). 

To explain this result, it can be said that the main potential 

for cognitive emotion regulation in most people relies on the 

neurological regions (43) and neural circuits, including 

prefrontal, posterior, and lateral cortex, lower wall and anterior 

cortical cortex (44), which play a key role in the good 

performance of working memory assignments (45,46,47). In 

addition, malfunction of these regions causes emotional 

disorders such as PTSD which are associated with poor 

cognitive emotion regulation (48). 

It is worth mentioning that cognitive emotion regulation 

strategies must be verbalized in the brain so that individuals 

can control emotions by themselves; individuals need 

continuity and repetition for verbalization of their emotions 

(49). Therefore, according to the findings of this study, 20 

training sessions based on emotional stimuli provided a good 

opportunity for the participants to internalize cognitive 

emotion regulation strategies by practice, repetition and 

feedback. Therefore, as it was expected, working memory 

training makes people to use more internal capacities 

associated with nervous systems, and subsequently new skills 

will be provided (50). In addition, functional reorganization 

makes individuals to adhere to adaptive and maladaptive 

cognitive emotion regulation strategies. Therefore, it can be 

concluded that success in verbal internalization along with 

increase of emotional working memory capacity improves 

cognitive emotion regulation in adolescents with PTSD. 

In addition, given the fact that these people had traumas 

such as robbery, sexual abuse and hanging in their family, 

words and images related to these traumas such as hanging, 

rubbery, and sexual abuse were used in this study. It was 

supposed that the use of these words in the research program 

would make the participants to reduce their fears gradually by 

hearing the words and looking at the images related to these 

topics and also by daily regular and systemic desensitization, 

which was confirmed by the results of this study. Daily 

recalling of these memories and simultaneous strengthening of 

the brain systems associated with storing of these memories, 

reduced fears and anxieties in these people during the 

research. 

 

Conclusion 

According to the results, it can be claimed that emotional 

stimulus-based working memory training can be a good 

alternative for improving cognitive emotion regulation 

strategies in adolescents with post-traumatic stress disorder; 

however, lack of access to neurological tools such as magnetic 

resonance imaging (MRI) was one of the limitations of this 

study, which makes it impossible to completely generalize 

these results. Since these tools make it possible to observe 

brain and neurological changes during the intervention, further 

studies are suggested to use these tools and emotional 

stimulus-based working memory training in adolescents with 

ADHD and OCD. 
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