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Abstract  

Working memory is a complex cognitive system essential for everyday living. It is important 

for all kinds of cognitively demanding activities such as reading, writing and carrying out 

conversations. Working memory capacity has been compared to a resource that ,,feeds’’ 

working memory. Is the ability to keep information active in working memory while at the 

same time inhibit irrelevant information. Individuals with higher working memory capacity 

get less disturbed by previously learned information while performing cognitive tasks and 

they are better at managing their attention and get less distracted by environmental stimulus. 

Recent studies revealed that individuals with experience of trauma and PTSD diagnosis have 

memory impairment and lack concentration in regular life situations, indicating impairment in 

working memory. The present study measured working memory and symptoms of PTSD 

among Icelandic university students at Reykjavík University. As expected, participants with 

PTSD showed significantly worse performance on OSPAN and Backward Digit Span than 

participants without PTSD. Participants with PTSD performed worse on immediate and 

delayed recall than participants without PTSD. Participants with PTSD performed better on 

Forward Digit Span than participants without PTSD. 

Keywords: working memory, working memory capacity, PTSD, trauma 

 

Útdráttur 

Vinnsluminni er flókið hugrænt kerfi sem nauðsynlegt er fyrir athafnir í daglegu lífi eins og 

til dæmis við lestur, skrift og að halda uppi samræðum. Vinnsluminnisspönn hefur verið líkt 

við afl sem nokkurn veginn skammtar vinnsluminni upplýsingum. Einstaklingar með háa 

vinnsluminnisspönn truflast síður af áður lærðum upplýsingum og umhverfisáreitum meðan á 

hugrænu verkefni stendur og þeir eru betri í að halda og stjórna athygli sinni. Nýlegar 

rannsóknir hafa sýnt að einstaklingar sem hafa lent í áföllum hafa lélegt minni og skortir 

einbeitingu, sem bendir til skaða í vinnsluminni. Þessi tiltekna rannsókn mælir vinnsluminni 

með tveimur hefðbundnum vinnsluminnisprófum og einu óhefðbundnu prófi og einkenni 

áfallastreituröskunar hjá íslenskum háskólanemum í Háskólanum í Reykjavík. Eins og búist 

var við, stóðu þátttakendur með áfallastreituröskun sig marktækt verr á OSPAN og Backward 

Digit Span í samanburði við þátttakendur sem voru ekki með áfallastreituröskun. Þátttakendur 

með áfallastreituröskun stóðu sig einnig marktækt verr á immediate og delayed recall heldur 

en þátttakendur sem voru ekki með áfallastreituröskun. Áhugavert þótti að þátttakendur með 

áfallastreituröskun stóðu sig marktækt betur á Forward Digit Span en þátttakendur sem voru 

ekki með áfallastreituröskun.  
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The negative impact of Posttraumatic Stress disorder on working memory of Icelandic 

university students 

 Not everyone has the ability to remember information easily, concentrate 

effortlessly or organize themselves effectively. Study by Mozzambani et al. (2017) 

showed that individuals who suffer from PTSD have impairment in their working 

memory. Same study revealed that individuals with PTSD have memory impairments 

and lack concentration in regular life (Mozzambani et al., 2017), suggesting a damage 

in their working memory. As is revealed in an article by Kira, Lewandowski, Somers, 

Yoon and Chiodo, several studies has found association between exposure to trauma 

and lower IQ (as cited in Brandes, Ben-Schachar, Gilboa, Bonne, Freedman, & 

Shalev, 2002; Koenen, Terrie, Avshalom, Taylor, & Purcell, 2003; Bremner, 

Vermetten, Afzal, & Vythilingam, 2004). Research by Buckley, Blanchard, and Neill 

(2000) indicated that individuals with PTSD had impairment in their working memory 

during memory tasks. Working memory allows individuals to function efficiently in 

everyday life situations (Cartwright, 2012). Therefore, it is important to investigate it 

more closely. The aim of this study was to examine working memory of Icelandic 

university students and to observe if there was any differences between participants 

performances on working memory tests if they had PTSD or not.   

 Working memory is a complex cognitive system necessary for everyday life 

situations (Cartwright, 2012). It is important for all kinds of cognitively demanding 

tasks such as reading, writing and carrying out conversations (Cowan, 2014). It allows 

individuals to maintain information active in working memory and process them at 

the same time (Miyake & Shah, 1999) (e.g., maintaining a phone number by 

constantly repeating it until dialing) (Plancher, Lévêque, Fanuel, Piquandet, & 

Tillmann, 2018). Studies has demonstrated individual differences in people’s working 
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memory, especially in working memory capacity (WMC) (Just & Carpenter, 1992). 

Working memory capacity has been compared to a resource that ,,feeds’’ working 

memory (Conway & Engle, 1994) Kahneman (1973) described it as the ability to 

attend to larger supply of information, to keep more information active in working 

memory while simultaneously inhibit irrelevant information (Miyake, Friedman, 

Emerson, Witzki, & Howerter, 2000). Individuals with higher WMC get less 

distracted by environmental stimulus and previously learned information during 

cognitive tasks (Rosen & Engle, 1998) and they are better at managing their attention 

(Kane & Engle, 2003). They are also better at preventing neutral, negative or personal 

information from becoming active in working memory during suppression tasks 

(Brewin & Smart, 2005). Study by Vasterling, Brailey, Constans, and Sutker (1998) 

showed that veterans with experience of trauma and PTSD had impairment in 

working memory compared to veterans without PTSD. Findings revealed also 

impairment in sustained attention and acquisitions of new information (Vasterling et 

al., 1998). If individuals have experience of trauma they are at risk for developing 

PTSD (Davey, 2014). It is a mental disorder in DSM-5 where symptoms and trauma 

is an essential condition for diagnosis of PTSD (Davey, 2014). Symptoms of PTSD 

are flashbacks, thoughts and memories of trauma and evoked physiological responses, 

feelings of horror, shame, guilt or anger (Davey, 2014). It has been quite prevalent to 

investigate veterans and their associations to PTSD as they have been exposed to 

numerous traumas, where one trauma came after another or happened at the same 

time (Pavlović, Hasanović & Prelić, 2012). In their study Pavlović et al. (2012) 

measured PTSD among one hundred veterans. 60% carried their friend in their arms 

when they died, 94% watched friend die and 62% had gathered dead body parts 

(Pavlović et al., 2012). Findings showed that veterans with PTSD had lower scores on 
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immediate memory capacity and struggled to concentrate during mental tasks in 

comparison to veterans without PTSD (Pavlović et al., 2012). Their results indicated 

changes in particular areas in the brain of veterans with PTSD (Pavlović et al., 2012). 

Study by Conway, Cowan, and Bunting (2001) measured the importance of WMC 

using OSPAN and selective listening procedure. Participants were divided into two 

groups regarding whether they scored high or low on OSPAN. Selective listening 

procedure involved participants to listen to and repeat words presented to the right ear 

and ignore distraction presented in the left ear. Participants with low WMC made 

more errors than participants with high WMC in selective listening procedure and 

participants with high WMC were better at ignoring irrelevant information than 

participants with low WMC. Overall, participants with high WMC had more 

improved cognitive ability than participants with low WMC (Conway et al., 2001). 

Schweizer and Dalgleish (2011) measured working memory among three groups 

associated with PTSD. Participants had either been diagnosed with PTSD and were 

symptoms free when study was administered, had PTSD or had not developed PTSD 

after survival of trauma (Schweizer & Dalgleish, 2011). They completed emotional 

version of the reading span task (eWMC) with either semantically, grammatically and 

syntactically correct sentences or incorrect sentences (Schweizer & Dalgleish, 2011). 

Participants decided whether the sentences were correct or non-sensical. Participants 

with past diagnosis of PTSD and participants currently with PTSD performed worse 

on eWMC than participants without PTSD (Schweizer & Dalgleish, 2011). Another 

study by Nixon, Nishith, and Resick (2004) investigated working memory among 

women with PTSD. Participants had either been kidnapped, raped or attacked. 

Clinical-Administered PTSD scale (CAPS) and Structured Clinical Interview for 

DSM-IV (SCID) was used to assess PTSD and Logical Memory and Quick Test was 
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used to measure memory and intelligence (Nixon et al., 2004). Control group included 

women with a subthreshold PTSD, who had been exposed to trauma but had too few 

symptoms of PTSD to meet diagnosis. Findings showed that women with PTSD and 

women with subthreshold PTSD had a significant association with memory 

performance on Logical Memory. Women who had been raped demonstrated poorer 

performance on both immediate and delayed recall compared to women who had not 

been raped (Nixon et al., 2004). Study by Nejati, Salehinejad and Sabayee (2017) 

measured working memory of veterans and healthy individuals using N-Back test 

with emotional pictures and Digit Span. N-Back test required participants to 

demonstrate if a current picture matched the picture presented one step earlier in the 

sequence. Results indicated that veterans had a significantly inferior working memory 

than healthy individuals. They performed worse on Forward Digit Span which, 

indicated impairment in short-term memory and Backward Digit Span which, 

indicated worse working memory than healthy individuals (Nejati et al., 2017). 

Another six months follow-up study examined impact of PTSD, Acute Stress 

Disorder (ASD) on working memory of L’Aquila earthquake survivors in Italy 

(Roncone et al., 2013). Forward and Backward Digit Span was used to measure 

working memory and Earthquake checklist L’Aquila used to measure experience of 

catastrophe. Impact of Events scale-revised was used to measure stress of trauma and 

Milan Overall Dementia Assessment (MODA) used to measure verbal memory. 

MODA included a short story read to participants, comparable to Logical Memory. 

Findings demonstrated impairment in verbal and working memory in ASD and PTSD 

participants compared to participants with a non-diagnosis of ASD or PTSD. 

Impairment in working memory within the first one month following the earthquake 

increased the possibility of PTSD diagnosis (Roncone et al., 2013). Mozzambani et al. 
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(2017) investigated working memory differently than studies above did. They 

examined if people with history of urban violence and PTSD could improve their 

working memory capacity in a long term follow up research in São Paulo, Brazil. 

They used CAPS to measure PTSD, SCID-I to assess diagnosis of mental disorders 

and Beck Depression Inventory (BDI-I) to assess depression (Mozzambami et al., 

2017). For measurement of working memory, they used Forward and Backward Digit 

Span, Forward and Backward Spatial Span similar to Digit Span only with visual 

modality, Stroop test to measure attention and Wisconsin Card Sorting test (WCST) 

to measure cognitive flexibility (Mozzambami et al., 2017). Participants were tested 

at the beginning of study and reassessment were on average conducted 4,6 years after 

the first assessment and continued to the end of study. Each participant was compared 

to baseline measurements of himself/herself conducted in the beginning of study and 

measurements at reassessment. Fewer errors in working memory assessment was 

marked as improvement in working memory. Results showed a significant fewer 

errors on WCST suggesting more cognitive flexibility and increase in Backward Digit 

Span among participants at reassessment compared to first measurements. The higher 

education participants had achieved the more likely they were to show improvement 

in WCST. Findings from CAPS and BDI indicated decrease in PTSD symptoms and 

depression (Mozzambami et al., 2017). Study by Bomyea, Amir and Lang (2012) 

used OSPAN to measure working memory among individuals with PTSD. Findings 

indicated that participants performed poorly on OSPAN because they constantly got 

distracted having flashbacks about the trauma (Bomyea et al., 2012).  

The present study  

Previous studies has shown that individuals with PTSD have impairment in 

sustained attention (Vasterling et al., 1998), lack concentration (Pavlović et al., 2012) 
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and have poorer working memory than individuals without PTSD (Pavlović et al., 

2012; Vasterling et al., 1998) indicating changes in particular areas in the brain of 

individuals with PTSD (Pavlović et al., 2012). Only few studies have been conducted 

in Iceland about the association of PTSD and working memory. Therefore, it is 

important to investigate prevalence of PTSD among Icelandic university students and 

if PTSD is associated to poorer performance on working memory tests compared to 

individuals without PTSD. Present study measured working memory and PTSD 

among Icelandic university students. OSPAN and Digit Span, two traditional working 

memory tests was selected as measurements. Along with Logical Memory who 

included immediate recall and delayed recall which measured working memory and 

memory. The first hypothesis was that participants with PTSD will perform worse on 

OSPAN and Forward and Backward Digit Span than participants without PTSD. The 

second hypothesis was that participants with PTSD will perform worse on immediate 

recall and delayed recall than participants without PTSD. 

Method 

Participants 

Fifty native Icelandic speaking psychology students in Reykjavík University 

participated. The sample comprised of 11 males and 39 females, in total 50 

participants (Mage = 23.3 years, age range: 20 – 41 years). Participants received course 

credit for their participation.   

Measures 

OSPAN. OSPAN is a direct measurement of working memory and consists of 

two different cognitive tasks that participants are supposed to do simultaneously 

(Curci, Lanciano, Soleti & Rimé, 2013). Usually participants are given at least one 

practice trial before measurements starts in experimental phase (Curci et al., 
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2013).The experimental phase consisted of four trials where strings of equations and 

words was organized into blocks. In each trial participant sits in front of a computer 

and reads aloud simple mathematical equation (e.g. (2 x 5) + 7 = 17) while 

memorizing single words (Curci et al., 2013). The participant is supposed say if the 

equation is correct or incorrect and press different key on keyboard (Curci et al., 

2013). In our study participants entered ‘’S’’ if correct and ‘’O’’ if incorrect. The 

equation is then followed by a single word and the participant is requested to read 

aloud the word and recall it later. At the end of each trial participant wrote as many 

words as he possibly could on a window presented on the computer screen (Curci et 

al., 2013). Participants got one point for each word they remembered correctly and in 

correct order. The more points participants achieved the better working memory they 

had. OSPAN has demonstrated great reliability and validity as well as good internal 

consistency (Conway, Cowan, Bunting, Therriault & Minkoff, 2002). Scores on 

OSPAN predicts performances on many other cognitive tasks and demonstrates great 

correlation with other measures of working memory (Conway et al., 2002).  

Forward and Backward Digit Span. Forward and Backward Digit Span are among 

the most favorable test used to assess working memory and working memory capacity 

(Gignac & Weiss, 2015; Tarle et al., 2017). The examiner reads a series of numbers 

and the participants verbally repeats the series back to the examiner. Forward Digit 

Span required the participant to recall the numbers in the same order as examiner read 

them while Backward Digit Span required participant to recall the numbers in reverse 

order (Gignac & Weiss, 2015). Series of numbers are organized into two pairs called 

set sizes, each set size consisted of numbers from zero to nine in random order (Tarle 

et al., 2017). Forward Digit Span consisted of set sizes from two to nine numbers 

(Tarle et al., 2017) and measured short-term memory (Clarke et al., 2018) while 
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Backward Digit Span included set sizes from two to eight numbers (Tarle et al., 2017) 

and measured working memory capacity (Oberauer, Süß, Schulze, Wilhelm & 

Wittmann, 2000). Together, Forward and Backward Digit Span consisted of 32 trials, 

each 16 trials (Tarle et al., 2017). In present study, Forward Digit Span started at a set 

size number three and Backward Digit Span started at a set size number five. To 

continue to next set size, participant must repeat the series at a given set size correct 

and in correct order. The trials continued until the participant failed to repeat two 

series in a row at a given set size or when the participant completed all the 16 trials 

(Tarle et al., 2017). The test was finished when participant failed two trials in a row at 

a given set size (Tarle et al., 2017). Digit Span has been reported to have excellent 

internal consistency reliability (Cronbach’s alpha, α = 0.93) (Gignac, Reynolds, 

Kovacs, 2017). The internal consistency reliabilities have been reported, good (Gliem 

& Gliem, 2003) for both Forward Digit span (α = 0.81) and Backward Digit Span (α = 

0.82) (Gignac et al., 2017).  

Logical Memory. The Wechsler Memory Scale (WMS) are the most common test 

used to measure memory (Abikoff, Alvir & Hong, 1987). It is a comprehensive 

measurements of memory, as well as being simple, short and easy to administer 

(Morris, Kunka & Rossini, 1997). Logical Memory is one of the seven subtest in 

WMS. It included the examiner to read a short story to each participant who is 

required to verbally recall story (Abikoff et al., 1987). It measured immediate recall 

and approximately 30-minute delayed recall where participant evoked information 

from the story with a free recall (Kawano, Awata, Ijuin, Iwamoto & Ozaki, 2013). 

The story usually includes a memorable storyline with a simple and a clear theme 

(Schnabel, 2012). In present study the story was about a man who intended to go out 

and then suddenly changed his mind when a sudden storm came out. It took examiner 
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approximately two to three minutes to read the story. Participant completed Digit 

Span, OSPAN and Stroop test during the time between immediate and delayed recall. 

Present study included excellent internal consistency reliability (α = 0.95) of 

immediate and delayed recall.  

Posttraumatic Stress Checklist. Posttraumatic Stress Checklist (PCL-5) is one of the 

most commonly used self-report measures of PTSD (Bovin et al., 2016). PCL-5 

included twenty questions that corresponded to PTSD symptoms in DSM-5 (Bovin et 

al., 2016). Questionnaire included items about how disturbed a particular trauma had 

been in the past month (Finkelman et al., 2017). Participants answers were on a 4-

point Likert scale (0 = not at all, 1 = slightly, 2 = fairly, 3 = quite and 4 = excessively) 

(Bovin et al., 2016). Questions are divided into four clusters (Finkelman et al., 2017). 

Cluster B (questions 1-5, annoyed memories), cluster C (questions 6-7, avoidance 

thoughts), cluster D (questions 8-14, negative emotions) and cluster E (questions 15-

20, arousal and vigilant) (Finkelman et al., 2017). Scores ranged from 0 to 80 

(Finkelman et al., 2017) and with a cutpoint of 33 (Finkelman et al., 2017). Scores 

below the cutpoint are referred to as negative and scores meeting 33 or higher are 

referred to as positive (Finkelman et al., 2017). Negative scores suggested the 

individual has a subthreshold symptoms of PTSD or does not have enough symptoms 

to meet criteria for diagnosis (VISN 4 MIRECC. n.d.). Positive scores suggested 

further evaluation for approved diagnosis of PTSD (VISN 4 MIRECC. n.d.). PCL-5 

has high internal consistency (Blanchard, Jones-Alexander, Buckley, & Fomeris, 

1996) and high diagnostic accuracy (Forbes, Creamer, & Biddle, 2001).  

Research design 

 To investigate the first hypothesis, a Mixed ANOVA and an Independent 

sample T-test were used. Mixed ANOVA was conducted on Forward and Backward 
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Digit Span with two factors: types of tests (Forward vs. Backward) and groups (PTSD 

vs. no PTSD). Independent sample T-test was used on OSPAN scores with one factor 

(PTSD vs. no PTSD). Mixed ANOVA was used to investigate our second hypothesis. 

Mixed ANOVA was conducted on immediate and delayed recall with two factors: 

two different times (immediate vs. delayed) and groups (PTSD vs. no PTSD). 

Independent variables were different types of tests, different times of assessment and 

whether participant had PTSD or not. Dependent variable were different measures of 

working memory. Since this study used directional hypothesis the p value was divided 

into two when testing the second hypothesis. 

Procedure 

The present study is a part of a larger comprehensive study administered in 

Reykjavik University, which has been approved of The Icelandic Data Protection 

Authority and The National Bioethics Committee. The study was funded by 

Landspítali University Hospital and The Icelandic Center for Research. The present 

study focused on measures of OSPAN, Digit Span and Logical Memory of working 

memory and PCL-5 measurements of PTSD. In addition to these assessment 

participants completed Stroop test and cardiovascular responses was measured. At the 

start of the study, participants signed an informed consent. Finometer was adjusted to 

measure cardiovascular responses during the tasks. Unfortunately, the Finometer 

broke down in the middle of the research, consequently unavailable for further 

assessments.  First, examiner read a short story for participants and after presentation 

of the story, immediate recall was conducted. Then Stroop test was presented and a 

stopwatch adjusted to assess participants time during Stroop. They took five different 

Stroop tests in a randomized order, consisting of words in black letters, 0%, 30%, 

70% and 100% inconsistency between words and colors. Thereafter, participants 
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completed Forward and Backward Digit Span. Afterwards, OSPAN was presented on 

a computer screen and participants were reminded to read aloud the words and 

equations on the screen. Thereafter, participants completed delayed recall were they 

recalled information from the story presented at the beginning. At last, participants 

completed PCL-5 and Perceived Stress scale (PSS). 

Results 

The aim of the present research was to observe if there were any differences 

on working memory among Icelandic students in Reykjavík University with or 

without PTSD. PCL-5 measured PTSD among participants. The PCL-5 cutpoint was 

33. Our results revealed that 13 out of 48 participants were above 33 and had PTSD 

and 35 where below 33 and had no PTSD. The data was analysed with mixed 

ANOVA and independent sample t-test. The significance level was set at .05. 

Forward and Backward Digit Span and PTSD 

There where 48 valid answers from participants on Forward and Backward 

Digit Span. Participants scores on Forward and Backward Digit Span are shown in 

Table 1.  

Table 1  

Mean and standard deviation for participants with and without PTSD on Forward 

and Backward Digit Span 

 Forward Digit Span  

M     SD      n 

Backward Digit Span  

M       SD       n  

PTSD 6.5    1.3     13 3.9      0.8      13 

No PTSD 6.0    1.1     35 4.4      1.0      35 
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The differences between scores were examined with two types of test (Forward vs. 

Backward) x two groups (PTSD vs. no PTSD) with mixed analysis of variance 

(Mixed ANOVA). The analysis revealed a significant main effect for types of test 

F(1, 46) = 104.98, p < .001. Participants performance was better on Forward Digit 

Span than Backward Digit Span. There was a non-significant main effect for groups 

F(1, 46) = 0.001, p = .098. Which meant that, when types of tests is not considered 

the groups performed similarly. The analysis showed a significant interaction effect 

between types of tests and groups  F(1, 46) = 4.63, p = .037. Participants with PTSD 

performed differently on Forward and backward Digit Span than participants without 

PTSD. Participants with PTSD performed better on Forward Digit Span than 

participants without PTSD. A crossover interaction effect between participants with 

and without PTSD and their performance on Digit Span are shown in Figure 1.  

 

Figure 1. Participants performances on Forward and Backward Digit Span. 
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The lowest score on OSPAN were four and the highest score were 41. Five 

participants scored twenty on OSPAN, which makes it the most prevalent score. 

Participants scores on OSPAN are shown in Table 2. 

Table 2 

Mean and standard deviation for participants with PTSD and without PTSD on 

OSPAN  

 PTSD 

M       SD      n  

No PTSD 

M        SD     n 

OSPAN 22.1     7.5    12 23.0     9.0   34 

 

The differences on OSPAN scores were analyzed with an Independent sample t-

comparing the two groups (PTSD vs. no PTSD). There where 47 valid answers from 

participants that completed OSPAN. The analysis showed significant difference 

between the two groups F(1, 46) = 18.24, p < .001. Participants with PTSD performed 

worse on OSPAN than participants without PTSD.  

Logical Memory and PTSD 

There were 39 valid answers from participants on Logical Memory. Scores on 

immediate recall ranged from five to fifteen. Seven participants scored seven on 

immediate recall, which makes it the most prevalent score. Scores on delayed recall 

ranged from three to sixteen. Five participants scored six, eight, nine or ten on 

delayed recall, which makes these scores the most prevalent. Participants scores on 

Logical Memory are shown in Table 3. 

Table 3 

Mean and standard deviation for participants with PTSD and without PTSD on 

immediate and delayed recall on Logical Memory  
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 Immediate recall  

M         SD      n 

Delayed recall 

M        SD     n 

PTSD 8.18    3.16     11 7.18    3.0     11 

No PTSD 9.70    2.79     27 9.26    2.92   27 

  

The difference between scores were assessed with two different times (immediate vs. 

delayed) x two groups (PTSD vs. no PTSD) with mixed analysis of variance (Mixed 

ANOVA). The analysis revealed a significant main effect for types of tests F(1, 36) = 

10.01, p = .003. Participants performance was better when they completed immediate 

recall compared to when they completed delayed recall. 

The analysis demonstrated a significant main effect for groups F(1, 36) = 3.13, p = 

.043. Participants performance on immediate and delayed recall are shown in Figure 

2.  

Figure 2. Participants performances on immediate and delayed recall for PTSD and 

no PTSD group.  
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There was a non-significant interaction effect between two different times and groups 

F(1, 36) = 1.48, p = .232. Participants performance was the same on immediate and 

delayed recall whether they had PTSD or not.  

In summary, the results demonstrated that participants with PTSD performed 

worse on OSPAN than participants without PTSD. Participants with PTSD performed 

better on Forward Digit Span and worse on Backward Digit Span tests than 

participants without PTSD. Therefore, first hypothesis is partially supported. 

Participants with PTSD performed worse on immediate and delayed recall on Logical 

Memory than participants with PTSD. Therefore, second hypothesis is fully 

supported. 

Discussion  

Participants with PTSD did better on Forward Digit Span, worse on Backward 

Digit Span, OSPAN and immediate and delayed recall compared to participants 

without PTSD. Our results on Forward Digit Span are contrary to our first hypothesis. 

Past studies including Digit Span to assess working memory are partially consistent 

with present study. Roncone et al. (2013) compared verbal and working memory 

among earthquake survivors with ASD, PTSD and survivors without ASD or PTSD. 

Findings showed, survivors with PTSD or ASD performed significantly worse on 

Digit Span than survivors without PTSD. Participants with PTSD in present study 

performed better on Forward Digit Span than participants without PTSD, opposite 

Roncone et al. (2013) results. Which might have suggested that stress like PTSD 

patients experience might not be completely negative, it could also have positive 

effects (Selye, 1976). This term has been called good stress or eustress (Selye, 1976) 

and is described as positive psychological feelings to stress (Simmons & Nelson, 

2001) that helps individuals to stay alert and respond to stimulus in stressful situations 
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(Tyler & Cushway, 1992). Eustress might partly explain why participants with PTSD 

performed better at Forward Digit Span than participants without PTSD. Another 

suggestion, types of tests used to measure working memory does matter. When 

cognitive tests are easy similar to Forward Digit Span, participants with PTSD 

outperformed participants without PTSD in present study. Recent study measured 

differences in working memory among veterans and healthy individuals using Digit 

Span (Nejati et al., 2017). Measures of Digit Span revealed significantly worse 

working memory among veterans compared to healthy individuals (Nejati et al., 

2017). Which is partially consistent with the present study. Past studies with OSPAN 

measures on working memory are consistent with present study. A study by Bomyea 

et al. (2012) showed same findings as present study, PTSD participants performed 

poorly on OSPAN because of constant thoughts of trauma (Bomyea et al., 2012). 

Another study used OSPAN to measure working memory capacity among university 

students (Conway et al., 2001). Participants were divided into two groups whether 

they scored high or low on OSPAN. Afterwards, selective listening procedure was 

administered, it included participants to listen to and repeat words presented in right 

ear and ignore distraction in left ear. Participants with low WMC made more errors 

during selective listening procedure and found it difficult to ignore irrelevant 

information (Conway et al., 2001). Their study is consistent with previous findings 

about working memory capacity, individuals with high WMC are better at inhibiting 

irrelevant information than individuals with low WMC (Rosen & Engle, 1998; Kane 

& Engle 2002; Brewin & Smart, 2005). Their study is similar to present study, they 

measured individual differences on working memory among university students as 

well as present study. Their findings showed differences in participants working 
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memory, like present study did. Only present study included participants with and 

without PTSD. 

Our second hypothesis, was fully consistent with previous findings.   

Study by Nixon et al. (2004) about PTSD women or PTSD subthreshold women who 

had been raped, kidnapped or attacked revealed same findings as present study. Both 

groups performed poorly on immediate and delayed recall (Nixon et al., 2004). 

Although results supported the study hypothesis, present study is a pilot study with a 

number of limitations that deserve consideration. First, present study included small 

and homogeneous sample which decreased the power of the study, consequently 

results should be interpreted cautiously. Second, present study included convenience 

sample that may have limited representation of the whole population which, might 

have decreased the generalizability of the results. Third, it might be risky to use 

psychological measurements on psychology students. They might have learned about 

them or used them in their own school projects. Which makes them a little biased 

compared to different group of people. Fourth, As is discussed above, the finometer 

broke down during procedure of present study which hindered further examination of 

cardiovascular responses during OSPAN, immediate and delayed recall and Digit 

Span. For further assessment in the future it would be interesting to measure aroused 

physiological responses during cognitive tasks in association to PTSD. Fifth, an issue 

that remains unexplored by present study, no other measurements of other mental 

disorders than PTSD was administered. PTSD tends to co-morbid with other mental 

disorders, individuals with PTSD are eight times more likely to have three or more 

mental disorders than people without PTSD (Kessler, Sonnega, Bromet, Hughes, & 

Nelson, 1995).  
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Despite few limitations, present study also included strengths. Present study 

measured specially PTSD among participants with PCL-5. Present study included 

three different measures of working memory. A number of additional questions arose 

which could be addressed in future research. Particularly, would there be same results 

if the study included more participants and different measurements. For future studies 

it would be interesting to repeat present study with more participants and use different 

measures of working memory like e.g. Wisconsin Card Sorting Test. Kira et al., 

(2012) revealed that several past studies showed that individuals with PTSD not only 

had worse working memory but also lower IQ (as cited in Brandes, Ben-Schachar, 

Gilboa, Bonne, Freedman, & Shalev, 2002; Koenen, Terrie, Avshalom, Taylor, & 

Purcell, 2003; Bremner, Vermetten, Afzal, & Vythilingam, 2004). It would be 

interesting to investigate further the relationship between PTSD and IQ. Another issue 

unexplored by present study is measurements of sex differences and working 

memory. Studies has revealed that, for some reason women are more likely to develop 

PTSD after exposure to trauma than men (Davey, 2014).  
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