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Introductory Chapter: Thesis Overview 

This thesis explores the role of Working Memory (WM), a cognitive process, in contributing to Chronic 

Pain (CP) conditions, and the emotional and functional difficulties experienced by people with a CP 

diagnosis. This thesis is formed of two separate but related papers: (1) a systematic review examining 

the current evidence in the literature for a relationship between WM impairment and depression in 

people with a diagnosis of a CP condition; and (2) an original quantitative study which seeks to validate a 

novel measure of WM, while also providing pilot data concerning potential differences in WM 

functioning between participants with Fibromyalgia (FM), a CP condition, and Healthy Controls (HC).  

Chapter 1: The systematic literature review explores the relationship between WM impairments and 

depression in people with a diagnosis of a CP condition. Four databases (Medline, Pubmed, PsychInfo 

and CINAHL) were searched, concluding in February 2021. Ten studies were identified and underwent 

quality assessment of methodology. Nine out of the ten studies did not report a statistically significant 

relationship between WM and depression outcomes, and one did. However, there were issues with 

methodology, reporting of outcomes and sample sizes, which may have led to several relevant 

outcomes being omitted or unacknowledged. When outcomes other than statistical significance were 

considered, there was more evidence of a level of association between WM and depression in some 

subgroups when arranged by type of CP diagnosis and sensory modality of WM measure. The 

methodological issues and theoretical and clinical implications were discussed with respect to these 

findings.  

Chapter 2: The empirical study aimed to validate a novel measure of a subtype of WM called Auditory 

WM (AWM). This study also provided pilot data concerning differences in AWM capacity in participants 

with FM, compared to HCs. All participants undertook a series of computer-based tasks which place 

certain demands of WM and AWM. Quantitative data was gathered and analysed in the form of task 
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accuracy and reaction times across and within study tasks. While not all of the hypothesised findings 

consistently emerged, there were sufficient consistent findings to validate the measure. An overall 

significant difference between two conditions in a within-subjects paradigm was found as hypothesised 

when the FM and HC groups were combined, but not in each group individually. A lack of between-

groups differences and similar effect sizes and means in each group separately and combined suggest 

that a larger sample size in each group may have been needed to detect the medium effect size across 

the individual groups. The implications of these findings for further research are discussed, as well as 

potential modifications that can be made to detect differences between conditions where no trends in 

line with outcomes were found. There was further analysis of the relationship between clinical and 

experimental measures of WM, which was found to be in line with expectations. The relevance of all of 

the study’s findings for clinical practice, as well as study limitations are discussed. 
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Chapter 1: Literature Review 

The relationship between depression and Working Memory in Chronic Pain: A systematic review 

 

Word Count (excluding references): 10,718 
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Abstract 

Background: Depression and Working Memory problems are highly prevalent in Chronic Pain 

populations. Despite the evidence from other clinical groups that depression is positively associated 

with cognitive deficits including Working Memory, their relationship in chronic pain remains unclear. 

Objective: This systematic review aims to synthesise the available evidence for the relationship between 

Working Memory and Depression in Chronic Pain. It also explores this relationship with regard to 

different types of Chronic Pain and Working Memory modalities.  

Methods: A literature search was carried out using PubMed, PsycINFO, CINAHL and Medline. Eligible 

studies were observational, used validated quantitative measures of Working Memory and depression 

and assessed a statistical association between these measures. Participants needed to be aged between 

18-64 on average and meet diagnostic criteria for a Chronic Pain condition, or be under the care of a 

specialist pain management service. 

Results: Initial search returned 289 papers. Of these, 10 were included in the final analysis after 

screening. Most studies were of moderate-to-high quality according to modified Newcastle-Ottawa 

criteria. Only one paper reported a statistically significant positive association between depression and 

Working Memory deficits. Further three papers reported some indication of a positive relationship 

between depression and Working Memory deficits, while not reporting statistical significance. Sample 

sizes, study design and methodological quality were considered during the results synthesis. Papers 

which explored Chronic Primary (as compared to secondary) Pain, and which used a visual (as compared 

to auditory-verbal) measure of Working Memory, were more likely to produce some evidence of a 

relationship. 

Conclusion: While overall there was no evidence of a relationship between Working Memory and 

Depression in Chronic Pain, subgroup analyses suggest that there may be a positive relationship 
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between these factors in Chronic Primary Pain samples, and when visual measures of Working Memory 

are used. However, these preliminary conclusions are limited due to a small number of studies, 

insufficient statistical power to detect small or medium effect sizes, and methodological issues. Higher 

quality research is needed to understand the relationship between different Chronic Pain diagnoses and 

modalities of Working Memory assessment. 

Keywords: Chronic Pain, Working Memory, depression, visual, auditory-verbal 
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Introduction 

Chronic pain (CP) is defined as pain which persists for more than three months and significantly impacts 

on functionality or emotional well-being (Treede et al., 2019). Functionality according to the same paper 

is defined as ‘interference with activities of daily life and participation in social roles’, but does not 

specifically mention cognitive deficits and whether these might be considered factors which reflect, or 

mediate, difficulties with day-to-day functioning. Guidelines for CP clinical trials outline outcome 

domains for consideration, which include only physical and emotional factors (Dworkin et al., 2005). The 

role of cognition in CP, and how it interacts with emotional well-being is not as well understood or 

incorporated into CP treatment or research frameworks. However, there is preliminary evidence that 

cognitive deficits play an important role in CP and are related to emotional well-being in general. 

 

Pervasive, distressing or debilitating negative emotions are widely reported by people living with CP 

(Varni et al., 1996). Anxiety and depression are particularly prevalent issues, with Sagheer, Khan & Sharif 

(2013) finding that between 49% and 55% of people with a diagnosis of Chronic Low Back pain 

experienced elevated levels of anxiety and depression respectively. Furthermore, Benjamin et al. (2000) 

found that people in the UK with a diagnosis of CP are 3.2 times more likely than the general population 

to have a mental disorder. The sensation of pain itself can induce strong emotional responses (Veinante, 

Yalcin & Barrot, 2013), while the impact of CP on daily function, relationships and independence further 

contributes to ongoing heightened emotional arousal (McCracken et al., 1999). It is understandable 

therefore that CP would be associated with higher levels of emotional distress, with Sturgeon et al 

(2015) finding a significant correlation between pain intensity and both depression and anger in a cohort 

of 675 CP patients. Some researchers have developed models which integrate depression and CP into 

‘somato-affective syndromes’, reflecting the close relationship between these phenomena (Peveler, 

Katona & Wessely, 2006).  
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Cognitive deficits are widely self-reported by people with CP (e.g. Schnurr & McDonald, 1995). This has 

been corroborated to an extent by clinician observations, and supported in some cognitive domains by 

neuropsychological assessment (Dick & Rashiq, 2007). There is further evidence that CP can lead to 

structural changes in the brain, such as grey matter atrophy, across multiple regions involved in a range 

of cognitive functions (Bushnell, Ceko & Low, 2013). While there is no literature regarding the wider 

psychosocial impact of cognitive deficits in CP and how this affects outcomes in terms of functioning, 

there is substantial evidence that cognitive deficits can adversely affect functionality and quality of life in 

other populations living with cognitive impairment, such as those with neurological disease (Mitchell et 

al., 2010).  

 

Among the cognitive domains often identified as being impaired in CP, working memory (WM) is well-

researched, with consistent evidence of reduced capacity in CP populations relative to pain-free 

individuals (Berryman et al., 2013). WM refers to the ability to hold information in mind for short 

periods (milliseconds to minutes) and manipulate this information. This ability is central to several other 

cognitive domains, including executive functioning, attention, language and long-term memory 

(Baddeley, 2010). It is not clear from the existing literature to what extent WM deficits in CP are related 

to pain itself, or to what extent other factors such as emotional distress or a predisposition to WM 

deficits are involved. 

 

While a range of types of emotional distress are negatively related to cognitive function (Hart, Wade & 

Martelli, 2003), depression has been shown to be associated with particularly debilitating cognitive 

difficulties. There is evidence of depression being associated with poorer memory, attention, executive 

functioning and WM than HCs (Rock, Roiser, Riedel & Blackwell, 2013; Rose & Ebmeier, 2006). 
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Additionally, while other emotions are associated with cognitive difficulties – for instance there is 

evidence that anxiety is associated with attention deficits (Pacheco-Unguetti, Acosta, Callejas & 

Lupiáñez, 2010) – the relationship between depression and cognition is particularly profound. A meta-

analysis by Rock et al. (2013) found evidence that cognitive impairment persists after remission from 

depression, with a conclusion that this is a continuation of cognitive deficits which are present during 

active periods of depression. Depression has also been found to be associated with altered brain 

structure, for instance atrophy of the hippocampus (Sheline, Wang, Gado, Csernansky & Vannier, 1996). 

Furthermore, Christopher and MacDonald (2005) found that people with clinical depression performed 

significantly more poorly on a test of WM than HCs or people with an anxiety disorder. These findings 

combined suggests that there is a particular pervasiveness and clinical significance to the cognitive 

difficulties associated with depression, and that WM is vulnerable to these effects.  

 

The experience of cognitive difficulties can be distressing for people with CP (Jamison, Sbrocco & Parris, 

1989). Living with lasting, recurrent cognitive difficulties (which are often reported by people with CP) is 

associated with low mood, as found in other populations such as traumatic brain injury (Silver, 

McAllister & Arciniegas, 2009). Furthermore, there is evidence that cognitive difficulties during 

remission from depression increase vulnerability to future depressive episodes (Papazacharias & 

Nardini, 2012) and that WM deficits may contribute to negative cognitive biases commonly found in 

Major Depressive Disorder (Gotlib & Joormann, 2010). Overall, the literature indicates a consistent 

relationship between depression and cognitive difficulties, but the evidence is correlational and the 

issue of causality remains an open question. 

 

While there is considerable literature concerning WM deficits and depression in CP populations, the 

direct relationship between these phenomena frequently occurring in CP has not been systematically 
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reviewed. This is important to understand, because the extant evidence for an association between 

depression and WM has focused on other populations, whereas CP has a distinct clinical profile, with 

unique factors contributing to difficulties with depression and WM. For instance, persistent pain itself is 

known to interfere with cognition including WM (Antepohl et al., 2003) and contribute to low mood 

(Veinante et al., 2013; McCracken et al., 1999), while hypervigilance linked to pain expectation can 

contribute to WM impediments (Legrain et al., 2011) and emotional distress (Crombez et al., 2005). As 

such, there are clinical features specific to CP which are not routinely found in other populations where 

a relationship between WM and depression has already been demonstrated, and the literature from 

other populations cannot therefore be confidently generalised. What is not currently known is whether 

depression and WM difficulties are related in CP, as in other populations, or whether no relationship 

exists, which would suggest that other factors may be more relevant for understanding WM deficits and 

depression as separate entities. A deeper understanding of this relationship would elucidate this issue 

and indicate appropriate targets for research into WM difficulties and depression in CP as a distinct 

clinical group.  

 

In addition, it is not known whether any relationship between depression and WM deficits affects 

people with specific CP diagnoses, or CP generally. CP conditions have been recently subdivided into two 

distinct categories: Chronic Primary Pain (CPP) and Chronic Secondary Pain (CSP; Nicholas et al., 2019). 

While both types involve pain which persists or recurs for longer than three months, the difference is 

that CSP conditions originate from a physical trauma or illness, while CPP conditions do not (Treede et 

al., 2019). An example of CPP is fibromyalgia, in which there is widespread pain in the absence of a clear 

underlying pathology, while an example of CSP is osteoarthritis, in which pain is secondary to 

degradation of knee cartilage over time (NICE, 2021; NHS, 2019). This distinction is new and there is no 

current research on the different cognitive profiles of these distinct types of CP, but it has been 
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proposed that nociplastic pain may explain the mechanisms underlying CPP, but not CSP (Treed et al., 

2019). Nociplastic pain is not fully understood, but is different from pain which is adequately accounted 

for by an underlying pathology, with current conceptualisations focusing on the role of functions of the 

central nervous system (CNS) in nociplastic pain, for instance sensory processing and augmentation of 

pain in the CNS (Fitzcharles et al., 2021). Moreover, nociplastic pain can be accompanied by cognitive 

and affective symptoms associated with CNS activity, such as fatigue, low mood and memory problems 

(Fitzcharles et al., 2021). As such, there are different mechanisms which have been proposed to 

underpin CPP and CSP which can be related to CNS activity including cognitive-affective processes. The 

current systematic review will seek to contribute to the developing area of research differentiating the 

profiles of CPP and CSP by examining whether any relationship between WM difficulties and depression 

is more evident in either type of diagnosis. As the literature in this area is limited, this analysis will be 

exploratory rather than suggesting a specific hypothesis, although based on the limited literature we 

might expect a more pronounced positive relationship between WM deficits and depression in CPP than 

CSP. 

 

The evidence outlined thus far raises the possibility that people with CP are stuck in a vicious cycle of 

depression and cognitive difficulties. A systematic review by Wu et al. (2018) regarding cognitive deficits 

in FM included a secondary analysis which indicated that severe emotional distress, not specific to 

depression, is associated with increased general cognitive impairment in FM patients when compared to 

HCs. The current systematic review intends to build on these findings and provide the first synthesis of 

the relevant literature on the relationship between depression and WM specifically in CP. 

 

Aims and Objectives 
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There is currently a gap in knowledge regarding whether depression and WM are associated in CP, and 

whether there is any evidence of diagnosis-specificity with regard to this relationship. This review aims 

to systematically evaluate the relationship between WM and depression in CP, in order to address this 

gap in knowledge. The primary objective was to test the hypothesis that there is a significant positive 

association between WM deficits and depression in people with CP conditions, and to test whether this 

relationship is consistent across sub-groups based on type of CP diagnosis and type of WM measure.  

 

Method 

This review was carried out in line with guidance from the Centre for Reviews and Dissemination (2009), 

in addition to the Preferred Reporting Items for Systematic Reviews and Meta-Analyses (PRISMA; 

Moher, Liberati, Tetzlaff, Altman & the PRISMA group, 2009). 

 

 Search Strategy 

A systematic literature search was undertaken in January 2021 following consultation with an expert 

librarian in Mersey Care NHS Foundation Trust. Four electronic databases (Scopus, PsycINFO, Medline 

and CINAHL) were used to search for published literature from any date. Keywords, titles and abstracts 

were searched for the following terms: ((chronic OR persist* OR “long-term” OR “long term”) AND pain) 

AND (depress* OR “low mood” OR “mood disorder” OR “affective disorder”) AND (Memory AND 

(working OR “short-term” OR “short term”)). Only peer-reviewed journal articles were reviewed to 

increase the likelihood of high quality papers, and only English language papers were considered as 

translation resources were not available. 

The following inclusion criteria were used: (1) observational studies or any study design with an 

observational component; (2) studies which recruited a clinical sample of people with a diagnosis of a CP 
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condition with a mean age between 18-64; (3) studies which reported clearly defined quantitative data 

on WM (validated neuropsychological assessments, cognitive screening tools, self-report scales such as 

Likert scales or lab-based computerised measures producing outcomes such as accuracy or reaction 

times) and depression (self-report and clinician rating measures which are validated for use in mental 

health services); (4) studies which reported outcomes on associations between WM and depression in 

participants with CP. 

The following exclusion criteria were applied: (1) case reports, thesis/dissertations, book chapters, 

conference papers, review articles or qualitative papers; (2) studies which did not recruit clinical samples 

or clinical samples which had (i) no formal diagnosis of a chronic primary pain condition or (ii) not 

meeting recognised national/international criteria for a CP condition or (iii) not under the care of a pain 

management service where diagnosis not explicitly stated; (3) studies which recruited clinical 

participants with a mean age of under 18 or over 64 years of age, to control for developmental or aging 

effects on cognition; (4) any statistical analysis which did not include a regression or correlation 

component; (5) studies which used measures of depression which have not been validated for use in 

clinical settings, or with no normative data. 

 

 Study Selection 

The first search of the electronic databases identified 414 papers in total. Following removal of 

duplicates, this number fell to 287. Two authors (First author C.K. and secondary author M.H.) applied 

the inclusion and exclusion criteria to the titles and abstracts in order to screen for suitability. In line 

with guidance by Boland, Cherry and Dickson (2017) the secondary author M.H. screened a random 

sample of 10% of the titles and abstracts (n=29). There were zero disagreements concerning these 29 

titles and abstracts, and the screening of the full 287 titles and abstracts by primary author C.K. led to 36 
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papers to be included in the full text analysis. Full text versions of the 36 selected studies were 

subsequently acquired and assessed by the two authors independently. Two further studies were 

identified by manually searching the references lists of the acquired full text papers and screened for 

eligibility for this study. The study selection protocols outlined above resulted in 10 papers which met 

the criteria for inclusion in this review (Baker, Gibson, Georgiou-Karastianis & Giummarra, 2018; Dick, 

Eccleston & Crombez, 2002; Elvemo, Landro, Borchgrevink & Haberg, 2015; Grossi et al., 2008; Herbert 

et al., 2018; Latysheva, Filativa, Osipova & Danilov, 2019; Oncu, Iliser & Kuran, 2015; Pidal-Miranda, 

Gonzalez-Villar, Carrillo-de-la-Pena, Andrade & Rodriguez-Salgado, 2018; Radanov et al., 1999; 

Torkamani et al., 2015). An additional study (Gelonch, Garolera, Valls, Rossello & Pifarre, 2017) was 

considered potentially eligible if a supplemental data analysis document was made available by the 

authors, who were contacted regarding this, but no reply was received. An overview of the study 

selection process is outlined in Figure 1, using the PRISMA flow chart (Moher et al, 2009). 
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Figure 1. Study selection flow chart (Moher et al., 2009). 
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 Data Extraction and Analysis 

A bespoke data extraction table was developed and piloted (see Appendix B) to gather the following 

information from the final included studies: author; year of publication; type of paper (abstract or 

article); setting; study design; number of participants; study sponsorship; participant demographics; 

specific criteria or diagnoses met for CP and clinical characterisations such as time since diagnosis in CP 

groups, comorbid physical or mental health difficulties reported in study groups; measurement tools, 

statistical analyses, primary and secondary findings.  Effect sizes and statistical significance were 

extracted if reported, otherwise effect sizes were calculated using available data.  This step was 

conducted by C.K. and cross-checking was completed by supervisor M.H. for accuracy. Minor 

disagreements in the decisions made were resolved through discussion and reaching consensus. 

 

 Assessment of Methodological Quality 

Quality assessment was undertaken separately and independently by the two authors already 

mentioned (C.K. and M.H.). A modified version of the Newcastle-Ottowa Quality Assessment Scale (NOS; 

Wells, 2014) was used for this purpose (see Appendix C). Discrepancies were resolved through 

discussion and reaching consensus. This scale uses a star-awarding system from 0-10 stars where zero is 

lowest quality and 10 is highest quality. It is comprised of four subscales: selection, comparability, 

exposure, and outcome assessment.  It should be noted that a universal scoring system for the NOS has 

not been established yet (Wang et al., 2018).  0-3, 4-7, and 8-10 stars indicate that a study has low, 

moderate, or high quality respectively.  The assessment of methodological quality produced outcomes 

where one study attained two stars (Radanov et al., 1999), five studies attained 6-7 stars (Baker et al., 

2018; Elvemo et al., 2015; Grossi et al., 2008; Oncu et al., 2015; Torkamani et al., 2015) and four studies 

were assigned 8-10 stars (Dick et al., 2002; Herbert et al., 2018; Latysheva et al., 2019; Pidal-Miranda et 
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al., 2018; Appendix D).  This suggests that nine out of the 10 studies were of moderate to high quality, 

while one was low quality. 

The clinical group sample sizes of each study may be informative for interpretation of these outcomes 

during the later Discussion section. A power calculation conducted for this study indicated studies 

required n=194 to detect a small effect size, n=85 to detect a medium effect size, and n=29 to detect a 

large effect size through correlational analyses. No studies had a large enough sample size to detect a 

small effect size and only three were sufficiently powered to detect a medium effect size. Three studies 

were insufficiently powered to detect even a large effect size (Elvemo et al., 2015 (n=20); Radanov et al., 

1999 (n=21); Torkamani et al., 2015 (n=11)). 

Results 

 Study Characteristics 

Table 1 outlines the study characteristics of the 10 included studies. Eight of the studies used a cross-

sectional design, while two used cohort. Two studies were located in the UK, and one in each of 

Australia, Canada, the USA, Switzerland, Norway, Russia, Turkey and Spain. Three studies involved a HC 

group, one study involved a clinical control group, one involved both a HC and a clinical control group, 

and five studies involved no control group. Cognitive performance was compared against normative 

data in studies without control groups. Across the ten studies there were 633 participants with CP, 146 

HCs and 137 clinical controls recruited.  CP sample sizes ranged from 11 to 144. There were a range of 

CP conditions across the studies, with some studies including multiple conditions. There was a 

Musculoskeletal Pain sample in three studies, a FM sample in three studies, and a sample of each of the 

following conditions in one study each: Chronic Back Pain; Whiplash Syndrome; Rheumatoid Arthritis; 

Idiopathic Pain; Visceral Pain; Irritable Bowel Syndrome; Temporomandibular Pain; Osteoarthritis; 

Degenerative Disc Disease; Chronic Migraine; Chronic Cluster Headache. 
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Six of the studies recruited participants who met internationally recognised criteria or diagnostic 

thresholds for their CP condition either prior to the study or during screening (Dick et al., 2002; Grossi et 

al., 2008; Latysheva et al., 2019; Oncu et al, 2015; Pidal-Miranda et al., 2018; Torkamani et al., 2015). 

Two studies indicated that participants with CP were under the care of a pain management or other 

medical department with expertise in pain management and diagnosis (Elvemo et al., 2015; Radanov et 

al., 1999). One study stated diagnoses and the need for these diagnoses as inclusion criteria but the 

criteria used were not made explicit (Baker et al., 2018). In one study CP was verified by a specialist 

physician based on medical records and assessment (Herbert et al., 2018). 

WM was measured using a wide range of clinical and experimental assessments across studies, with 

some studies using multiple measures. The California Verbal Learning Test was used in two studies 

(Grossi et al., 2008; Herbert et al., 2018), the N-back task was used in two studies (Elvemo et al., 2015; 

Radanov et al., 1999), and the following measures of WM were used in one study each: Behaviour 

Rating Inventory of Executive Function – Adult Version (BRIEF-A) WM subscale (Baker et al., 2018); Test 

of Everyday Attention (TEA) auditory-verbal WM domain (Dick et al., 2002); Paced Visual Serial Addition 

Test (PVSAT; Elvemo et al., 2015); Trigram Auditory Memory Task (Grossi et al., 2008); Weschler Adult 

Intelligence Scale Fourth Edition (WAIS-IV) Letter-Number Sequencing subtest (Herbert et al., 2018); 

Weschler Adult Intelligence Scale Third Edition (WAIS-II) Spatial Localisation subtest (Pidal-Miranda et 

al., 2018);  Rey Auditory Verbal Learning Test (RAVLT; Latysheva et al., 2019; Oncu et al., 2015); Short 

Test of Mental Status (STMS; Oncu et al., 2015); WAIS-III WM Index (Torkamani et al., 2015); Warrington 

Short Recognition Memory for Faces (WSRMF; Torkamani et al., 2015).  

There was also some variation in the measures of depression used, with seven studies using the Beck 

Depression Inventory (Baker et al., 2018; Elvemo et al., 2015; Grossi et al., 2008; Oncu et al., 2015; Pidal-

Miranda et al., 2018; Radanov et al., 1999; Torkamani et al., 2015), two studies using the Hospital 
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Anxiety and Depression Scale depression subscale (Dick et al., 2002; Latysheva et al., 2019) and one 

study using the Patient Health Questionnaire (Herbert et al., 2018). 

The wide range of measures used for depression and particularly WM mean that there is likely to be a 

limit on effect size accumulation caused by high heterogeneity and low precision (Scammacca, Roberts, 

& Stuebing, 2014). Consequently a meta-analytical approach was considered unreliable and the results 

were synthesised narratively. 
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Table 1. Study Characteristics 

Authors 
(Year) 

Location Study 
Design 

Clinical Sample Group 
Characteristics 

Clinical Sample 
Demographics 

Control Group 
Characteristics 

Clinical Sample 
Diagnostic or 
Assessment 
Criteria 

Baker et al. 

(2017) 

Australia Cross-
sectional 

CBP including widespread 
pain n=41: CBP with back 
pain (25.6%); CBP with other 
localised pain (53.8%); CBP 
with widespread pain 
(15.4%); CBP with joint pain 
(12.8%); CP duration mean 
(SD)=12.15 (10.47) years 

Mean age (SD)=42.97 
(12.77), range 22-65; 24 
(61.5%) female; Education 
mean (SD)=14.74, (3.73) 
years; 25 (64.1%) tertiary 
education level; nearly half 
not working/studying due 
to pain; Mean estimated IQ 
(SD): 102.08 (11.21) 

n/a Chronic Back Pain 
condition 
necessary for 
inclusion and pain 
assessed as part of 
the study. Exact 
criteria used not 
explicitly stated. 

Dick et al. 
(2002) 

UK Cross-
sectional, 
controlled 

Chronic persistent pain (FM 
(n=20), 
RA (n=20), MSK (n=20)) for 
at least six months; Mean 
years’ duration (SD): 
RA=18.9 (15.3); FM=11 (8.6); 
MSK=10.2 (12.2) 
 

Mean age (SD): RA=62.9 
(10.9); FM=48 (16.9); 
MSK=52.3 (13.1). 16 (80%) 
female (RA), 18 (90%) 
female (FM), 12 (60%) 
female (MSK); Education 
mean years (SD): RA=12.5 
(2.7); FM=13.1 (3.4); 
MSK=12.7(3.9)  

HCs (n=20) Diagnosis based on 
medical chart and 
reassessed, 
diagnosis made 
according to 
American College 
of Rheumatology 
criteria 

Elvemo et al. 
(2015) 

Norway Cross-
sectional, 
controlled 

Total participants with CP 
recruited n=20. N=10 (50%) 
MSK; n=4 (20%) IP; n=1 (5%) 
VP. Five participants (25%) 
diagnoses were not 
reported. Minimum six 
months with average pain 
intensity of at least four on 
the Verbal Rating Scale 

Mean age (SD)=38.6 (7.2), 
range=22 – 49; 16 (80%) of 
original number recruited 
female; Mean years 
education after high school 
(SD)=4.5 (2.4), range 0 – 10 
years 

HCs (n=20 
initially, 17 
after attrition) 

Patients under the 
care of a hospital 
pain clinic. Further 
assessed for the 
study by an 
experienced 
clinician. Criteria 
used not stated 
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Grossi et al. 
(2008) 

Canada Cohort 
study, 
pain-
controlled, 
linked to 
treatment 
trial 

20 IBS; 20 nrTMD; 20 rTMD; 
duration range 3–5 years 

Mean age (SD): rTMD=29.4 
(9); nrTMD=26.7 (9); 
IBS=32.9 (1.5), range 15 – 
45. Postsecondary 
education: rTMD=74.3%; 
nrTMD=50%; IBS=75%; 
Employed: rTMD=74.3%; 
nrTMD=58.3%; IBS=50%. 
High income: rTMD=60.6%; 
nrTMD=16.7%; IBS=35% 

IBS, rTMD and 
nrTMD groups 
acted as 
controls for 
each other 

IBS diagnosis 
confirmed by 
physician / based 
on Rome 
guidelines. TMD 
assessed using  
research 
diagnostic criteria 

Herbert et al. 
(2018) 

USA Cohort 
study 
linked to 
treatment 
trial 

122 veterans with chronic 
non-terminal pain. Pain on 
most days for minimum six 
months. 45.3% degenerative 
disc disease, 21.4% OA, 
12.8% MSK 

Mean age (SD)=52.1 (13.6), 
range 25 – 89; 96 (82.1%) 
male; 64 (54.7%) Caucasian; 
Education: 20 (17.1%) high 
school or less, 39 (33.3%) 
some college, 20 (17.1%) 
community college/trade 
school, 37 (31.6%) bachelor 
degree or higher, one not 
reported 

n/a Diagnosis verified 
by a study 
physician based on 
medical evaluation 
and medical 
records. Pain on 
most days for 
minimum six 
months, with 
average pain 
severity and 
inference 
minimum 4/10 in 
the past week 

Latysheva et 
al. (2019) 

Russia Cross-
sectional, 
controlled 

CM (n=144). Duration 
Mdn=3, IQR 1, 5 years. Age 
of Chronic Migraine onset, 
mean years=36 (range=25-
46) 

Median age=42.5 (IQR 18, 
59); Female/male=132/12; 
Median education=42.5 
years (Interquartile range 
12, 15) 

Clinical control 
group with 
episodic 
migraines 
(n=44) 

Diagnosis defined 
by International 
Classification of 
Headache 
Disorders III beta, 
diagnosis made by 
a specialist 
headache 
neurologist 
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Oncu et al., 
(2015) 

Turkey Cross-
sectional, 
controlled 

FM (n=96) with a 
Widespread Pain Index 
(WPI) score >7 and symptom 
severity >5 or WPI 3-6 and 
symptom severity >9; at 
least three months 

Mean age (SD): 32.3 (6.0), 
range 20-45; Years of 
education (SD): 10.1 (2.7); 
All female sample 
 

HCs (n=73); 
Clinical 
Controls (n=93) 
women aged 
60-75 with mild 
cognitive 
complaints 

Diagnosed 
according to 
American College 
of Rheumatology 
(ACR) 2010 and 
ACR 1990 criteria 

Pidal-

Mirandaet al. 

(2018) 

Spain Cross-
sectional, 
controlled 

FM (n=38) Mean age (SD)=47.71 
(9.63), range 28 – 64; all 
women; Education: 36.8% 
primary school, 36.8% high 
school, 26.3 higher studies 

HCs (n=33) Diagnosed by a 
rheumatologist 
according to Wolfe 
1990 criteria 

Radanov et el. 
(1999) 

Switzerland Cross-
sectional 

LWS n=21. Persistent head 
or neck pain and minimum 
of six months since whiplash 
injury (mean=26.1, SD=20.7, 
range 6 - 48 months since 
injury) 

Mean age (SD)=42.2 (8.6), 
range 20 - 55; 11 (52%) 
female; 17 (81%) involved 
in litigation 

n/a Diagnostic or other 
criteria not 
explicitly stated 
but participants 
were under the 
care of a 
Neurology 
department and 
underwent 
assessment during 
the study 

Torkamani et 
al. (2015) 

UK Cross-
sectional 

CCH (n=11); duration mean 
years (SD)=14.64 (11.48) 

Mean age (SD)=48.18 
(11.02); 82% male; 
Education mean years 
(SD)=14.36 (4.2) Age at 
onset (SD)= 34.55 (10.85) 

n/a International 
Headache 
Classification II 
criteria 

CBP=Chronic Back Pain; CP=CP; FM=FM; MSK=Muscoloskeletal; RA=Rheumatoid Arthritis; VP=Visceral Pain; IP=Idiopathic Pain; IBS=Irritable 

Bowel Syndrome; nrTMD=non-responding Temporomandibular Disorder; rTMD=responding Temporomandibular Disorder; OA=Osteoarthritis; 

CM=Chronic Migraine; LWS=Late Whiplash Syndrome; CCH=Chronic Cluster Headaches 
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Table 2. Main Findings 

Authors (Year) WM Measure(s) Depression 
Measure 

Type of 
Analysis 

Statistical Analyses Effect Size 

Baker et al. (2017) BRIEF-A WM Subscale.  
 
Outcome: Subscale score converted 
to T-score, then compared against 
clinical cut-off (>65) based on age-
adjusted normative data. Higher 
score=greater deficit 

BDI 
 
Outcome: BDI 
score. Higher 
score=increased 
depressive 
symptoms. 

Spearman 
partial 
correlation 
controlling 
for age and 
education 
level 

Participants included in analysis 
(n=39): 
p<0.05, rho=0.50 
Higher WM deficit associated with 
greater depressive symptoms 

Large 
 

Dick et al. (2002) TEA auditory-verbal WM domain. 
 
Outcome: Age-adjusted scaled score. 
Lower score=greater deficit 

HADS-D 
 
Outcome: 
HADS-D score. 
Higher 
score=increased 
depressive 
symptoms. 

Pearson 
bivariate 
correlation 

Participants included in analysis 
(n=60): 
p>0.05 
No evidence of an association 
between WM deficits and 
depression. r not reported 
 

Not 
reported 

Elvemo et al. 
(2015) 

N-back and PVSAT 
 
PVSAT Outcome: Sum of correct 
responses. Lower score=greater 
deficit. N-back outcome: total 
correct responses. Lower 
score=greater deficit. 

BDI Spearman 
bivariate 
correlation 

Participants included in analysis 
(n=15): 
p>0.05 for both analyses 
N-back and BDI r=0.012 
PVSAT and BDI r=-0.39 
No evidence of an association 
between WM deficits and 
depression when using n-back. 
Evidence of a relationship between 
WM deficits and greater depression 
when using PVSAT, although not 
statistically significant. 

N-Back and 
BDI=small 
PVSAT and 
BDI=medium 

Grossi et al. 
(2008) 

CVLT and CCC 
 
Outcomes: CVLT - number of correct 

BDI Logistic 
regression 
full model 

Participants included in analysis 
(rTMD vs IBS n=56; nrTMD vs IBS 
n=44): 

Small 
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responses (CR), word clusters (CL); 
CCC - total number of correct 
responses 

including 
study 
group, 
income, 
pain at 
rest, pain 
duration, 
depression, 
sleep 
disorders 
(odds 
ratio) 

 
rTMD vs IBS: CVLT-CR BDI OR=1.04; 
CVLT-CL BDI OR=1.04, CCC BDI 
OR=1.10 
nrTMD vs IBS: CVLT-CR BDI OR=1.13 
; CVLT-CL BDI OR=1.14; CCC BDI 
OR=1.13 
None statistically significant as 
Critical Odds Ratio=2 
No evidence of a relationship 
between WM deficits and 
depression in any analysis. 

Herbert et al. 
(2018) 

WAIS-IV LNS subtest; CVLT-II. 
 
WAIS-IV LNS outcome: age-adjusted  
scaled score. Lower score=greater 
deficit 

PHQ 
 
Outcome: PHQ 
score. Higher 
score=increased 
depressive 
symptoms 

Pearsons 
bivariate 
correlation 

Participants included in analysis 
(n=117): 
 
LNS and PHQ p> 0.05, r=-0.05 
 
CVLT-II and PHQ p>0.05, r=-0.13 
No evidence of a relationship 
between WM deficits and 
depression. 

Small for 
both 
analyses 

Latysheva et al. 
(2019) 

RAVLT 
 
Outcome: RAVLT total learning score 
(number of words recalled correctly 
in five trials). Lower score=greater 
deficit 

HADS-D Spearman 
bivariate 
correlation 

Participants included in analysis 
(n=144) 
 
p>0.05, r=0.07 
No evidence of a relationship 
between WM deficits and 
depression. 
 

Small 

Oncu et al., 
(2015) 

STMS Immediate and Delayed recall 
items 
 
Outcome: STMS immediate and 
delayed recall scores. Lower 

BDI Pearson 
bivariate 
correlation 

Participants included in analysis 
(n=86) 
 
STMS immediate recall and BDI 
p=0.437, r=0.109 

Small for 
both 
analyses 
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score=greater deficit STMS delayed recall and BDI 
p=0.652, r=-0.063 
No evidence of a relationship 
between WM deficits and 
depression. 
 

Pidal-Mirandaet 

al. (2018) 

WAIS-III BSL subtest 
 
Outcome: Age-adjusted scaled score. 
Lower score=greater deficit 

BDI ANCOVA Participants included in analysis 
(n=38): 
 
WM differences between clinical 
and HC groups (F(1,59)=5.474, 
p=0.023, η2=.085) disappeared after 
depression added as a covariate 
(F(1,58)=0, p=0.986, η2=0.0) 
Evidence that higher WM deficits are 
associated with greater depression 
symptoms. 

n/a 

Radanov et el. 
(1999) 

N-back task 
 
Outcome: Total correct responses. 
Lower score=greater deficit 

BDI Spearman 
bivariate 
correlation 

Participants included in analysis 
(n=21): 
p=0.149 (2-tailed) 
r=-0.3264 
Evidence that higher WM deficits are 
associated with greater depression 
symptoms, although not statistically 
significant. 

Medium 

Torkamani et al. 
(2015) 

CVLT, WSRMF, WAIS-III WMI. 
 
Outcomes: WSRMF – Correct 
responses. WAIS-III WMI – age 
adjusted WMI index score and scaled 
scores for individual subtests. Lower 
scores=greater deficit 

BDI Pearson 
bivariate 
correlation 

Participants included in analysis 
(n=11): 
 
p>0.05 for correlations between all 
WM measures and BDI 
No evidence of a relationship 
between WM deficits and 
depression. r not reported. 
 

Effect size 
not 
reported. 
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BRIEF-A=Behaviour Rating Inventory of Executive Function; BDI=Beck Depression Inventory; TEA=Test of Everyday Attention; HADS-D=Hospital 

Anxiety and Depression Scale Depression Subscale; CVLT=California Verbal Learning Test; CCC=Trigram Auditory Memory Task; WAIS-

IV=Weschler Adult Intelligence Scale Fourth Edition; LNS=Letter Number Sequencing; PVSAT=Paced Visual Attention Test; PHQ=Patient Health 

Questionnaire; RAVLT=Rey Auditory Verbal Learning Test; STMS=Short Test of Memory Status; WAIS-III=Weschler Adult Intelligence Scale Third 

Edition; BSL=Backwards Spatial Localisation; ANCOVA=Analysis of Covariance; WSRMF=Warrington Short Recognition Memory for Faces; 

WMI=WM Index  
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 Summary of Main Findings 

The main findings are summarised in Table 2. Due the fact that several papers used more than one 

measure of WM, across the 10 papers there were 20 calculations involving regression or correlation 

between measures of WM and depression. Only one paper reported a significant association between 

WM and depression (Baker et al., 2018). This was in the hypothesised direction where higher depression 

scores were associated with increased difficulties with WM, and with a large effect size (rho=0.5). No 

other analysis found a statistically significant association. However, one paper (Pidal-Miranda et al., 

2018) found that when depression was added as a covariate in an ANCOVA model, a previously 

significant effect of poorer WM performance (F(1,59)=5.47, p=0.023, η2=0.09) in the clinical group 

compared to the HC group disappeared (F(1,58)=0, p=.986, η2=0.0). Although the exact association was 

not reported in this paper, the substantial change in statistical significance and effect size indicates that 

there was a noteworthy impact of depression on WM in the clinical group as a confounding variable. 

Among the remaining papers which did not find a statistically significant association, six reported effect 

sizes covering fourteen separate calculations of the relationship between WM and depression. Two 

papers, including four calculations of association, did not report effect sizes. Of the six papers which 

reported effect sizes, four reported negligible effects, incorporating 10 analyses, one reported a medium 

effect size using one analysis (-0.33), and one study reported one analysis with no effect size and one 

analysis with a medium effect size (-0.39). The two analyses with medium effect sizes were in the 

hypothesised direction, with scores on measures of WM decreasing with increased scores on measures 

of depression.  

Subgroup analysis by type of diagnosis 

The studies were then divided into three subgroups, based on type of CP diagnosis. In accordance with 

the International Classification of Diseases, 11th Edition (ICD-11; World Health Organisation, 2019) the 
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studies included in this review were apportioned to different subgroups based on whether they were 

considered to be investigating clinical samples with (i) only Chronic Primary Pain (CPP) conditions (ii) 

Chronic Secondary Pain (CSP) conditions and (iii) those with a combined sample of CPP and CSP 

conditions. All of the papers included in this study were undertaken before the ICD-11 was published, so 

did not define participants in terms of CPP or CSP. However, based on the definitions provided above, it 

was possible in most cases to determine whether the samples recruited would be likely to have met 

criteria for CPP or CSP from the sample descriptions. Definitions of CPP provided by Nicholas et al. 

(2019) were also used for further reference during this process. There were six studies investigating CPP 

only, two investigating CSP only and two investigating a combination. In the two studies investigating a 

combination, one had a majority of CSP participants (75%) while the other had a 50:50 ratio of CPP and 

CSP participants. The spread of high-quality studies was similar across subgroups, with CPP-only studies 

containing two (33%), CSP-only studies containing one (50%) and combined samples containing one 

(50%). The CSP-only studies contained one low quality paper (50%), while there were four (67%), none 

(0%) and one (50%) medium quality papers in the CPP, CSP and combined groups respectively. This 

suggests that the quality of the papers was not a major consideration when interpreting the findings, 

although the presence of the low-quality paper in the CSP-only papers may be relevant.  

 

Relationship between WM and depression in CPP-only clinical samples 

Six studies investigated the association between WM and depression in clinical samples containing only 

participants who had CPP (Baker et al., 2018; Elvemo et al., 2015; Latysheva et al., 2019; Oncu et al., 

2015; Pidal-Miranda et al., 2018; Torkamani et al., 2015). One of the studies found a significant 

association between WM and depression, where depression scores were positively correlated with WM 

deficits (Baker et al., 2018). One study comparing WM capacity between clinical and HC groups reported 
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a notable reduction in statistical significance and effect size when depression was included as a 

covariate (Pidal-Miranda et al., 2018). This indicated that depression accounted for a proportion of the 

between-groups WM variance. Two studies found no statistically significant outcomes with negligible or 

small effect sizes (Latysheva et al., 2019; Oncu et al., 2015). One study found no statistically significant 

outcomes and did not report effect sizes (Torkamani et al., 2015). One study conducted 2 analyses of 

associations between WM and depression, neither of which were significant but one had a negligible 

effect size, while the other had a medium effect size in the hypothesised direction (Elvemo et al., 2015). 

These findings suggest that in CPP-only samples there is mixed evidence of a relationship between WM 

and depression, with half of the studies reporting some evidence of an association in the hypothesised 

direction. 

 

Relationship between WM and depression in CSP-only clinical samples 

Two studies investigated the association between WM and depression in clinical samples containing 

only participants who had CSP (Herbert et al., 2018; Radanov et al., 1999). Neither study found a 

statistically significant association between WM and depression. One study (Herbert et al., 2018) 

reported two analyses of different measures of WM with depression, with both producing negligible 

effect sizes. The other study (Radanov et al., 1999) conducted one correlation analysis between WM and 

depression, which had a medium effect size in the hypothesised direction. These findings suggest that 

there is no clear evidence of a relationship between WM and depression in CSP-only samples. 

 

Relationship between WM and depression in clinical samples with a combination of CPP and CSP 
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Two studies investigated the association between WM and depression in clinical samples containing a 

combination of participants with CPP and CSP conditions (Dick et al., 2002; Grossi et al., 2008). The 

composition of the Dick et al. (2002) paper was 50% CPP and 50% CSP participants split across 2 groups. 

It should be noted that in this study there was a third clinical group but it was not possible to determine 

whether this group had CPP or CSP from the information available. The composition of the Grossi et al. 

(2008) paper was 75% CSP and 25% CPP. Neither paper reported a statistically significant relationship 

between WM and depression. One paper (Dick et al., 2002) did not report an effect size for one 

correlation computed. The other (Grossi et al., 2008) reported six separate regression outcomes for 

different WM measures and depression. Interpretation of the reported Odds Ratios according to 

calculations reported by Chen, Cohen & Chen (2010) indicates that these regression outcomes were not 

statistically significant and had negligible effect sizes. These papers suggest that in combined groups of 

CSP and CPP there is no clear evidence of a relationship between WM and depression. Considering one 

of these papers had a 75% composition of CSP participants, this may suggest that there is further 

evidence that there is no association between WM and depression in CSP samples particularly. 

 

Subgroup analysis by WM measure type 

As previously described, a wide range of measures of WM were used to conduct the 20 analyses of the 

association between WM and depression across the 10 included studies. It is therefore possible that 

there were different outcomes for different types of measure. The papers included in this review were 

divided into subgroups according to whether the measures of WM used (i) auditory-verbal stimuli (ii) 

visual stimuli, or (iii) were a self-report measure. There were six papers which included an analysis of the 

association between an auditory-verbal measure of WM and depression, with three (50%) being high 

quality and three being medium quality (50%). There were four papers which included an analysis of the 
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association between a visual measure of WM and depression, of which one (25%) was high quality, two 

(50%) were medium quality and one (25%) was low quality. There was one medium quality paper which 

included an analysis of the association between a self-report measure of WM and depression. This 

suggests that the papers reporting analyses involving auditory-verbal measures of WM may be higher 

quality than the other categories. 

Relationship between auditory-verbal WM and depression 

Six papers included analyses of the association between WM and depression using WM measures with 

auditory-verbal stimuli (Dick et al., 2002; Grossi et al., 2008; Herbert et al., 2018; Latysheva et al., 2019; 

Oncu et al., 2015; Torkamani et al., 2015). None of these papers found a statistically significant 

association, and four of the studies (Grossi et al., 2008; Herbert et al., 2018; Latysheva et al., 2019; Oncu 

et al., 2015) reported negligible or small effect sizes (correlations ranging from r=-0.15 to r=0.109 and 

Odds Ratios ranging from 1.04 to 1.14). Two papers (Dick et al., 2002; Torkamani et al., 2015) did not 

report an effect size.  

Relationship between visual WM and depression 

Four papers included analyses of the association between WM and depression using WM measures with 

visual stimuli (Elvemo et al., 2015; Pidal-Miranda et al., 2018; Radanov et al., 1999; Torkamani et al., 

2015). While none of these papers reported a significant association between WM and depression, one 

paper (Pidal-Miranda et al., 2018) found that a significant difference and medium effect size between 

the clinical and HC groups on a visual WM measure disappeared after depression was included as a 

covariate. Two papers (Elvemo et al., 2015; Radanov et al., 1999) reported medium effect sizes (r=-0.39 

and r=-0.33 respectively) for the association between visual WM and depression in the hypothesised 

direction. One paper did not report an effect size (Torkamani et al., 2015). 

Relationship between WM using a self-report measure and depression 
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One paper (Baker et al., 2018) used a self-report measure of WM in its analysis of the relationship 

between WM and depression. This study found a significant association between WM and depression, 

with a large effect size, in the hypothesised direction. 

 

Discussion 

This systematic review identifies and synthesises literature exploring the relationship between WM and 

depression in people with a diagnosis of a CP condition. A narrative synthesis of the 10 included studies 

suggests that overall, WM is not significantly associated with depression in people with a diagnosis of a 

CP condition. However, when studies were divided into subgroups, there was a less conclusive pattern 

of results. In particular, the type of CP condition and type of WM measured may provide different 

outcomes, and statistical power is a further consideration to interpret the findings. 

The clearest finding is that nine of the included studies did not find a statistically significant association 

between WM and depression in samples with CP. One study did find a statistically significant association 

between WM and depression in a CP sample, which fitted with the original hypothesis of a positive 

association between WM deficits and heightened depression. These findings overall appear to provide 

some evidence that there is not a reliable association between these factors in CP. However, the 

evidence is diminished by insufficient sample sizes in the majority of studies, so should be interpreted 

cautiously. The one study which did find a statistically significant association was the only study which 

used a self-report measure of WM. While the measure used in this study was validated, self-report 

measures are subject to a number of biases and limitations, including introspective ability, ability to 

interpret the questions, ability and willingness to be honest, and social desirability bias (Devaux & Sassi, 

2015). According to Beck’s (1987) cognitive model, people with depression are prone to attend to and 

ruminate on negative information, leading to negative interpretation of information relating to 
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themselves, disproportionate recall of memories with negative valence and low self-esteem (Disner, 

Beevers, Haigh & Beck, 2011). Consequently, one interpretation of the positive association between WM 

and depression when a self-report measure of WM was used is that increased levels of depression may 

have caused a negatively biased self-perception, poor self-esteem and disproportionate attendance to 

and recall of instances of WM difficulties. The fact that the other nine studies used less subjective 

measures may suggest that their findings are more reliable, and they all found no statistically significant 

association between depression and WM. However, as most studies were underpowered to detect small 

or medium effect sizes, there is no clear overall conclusion to draw from the 10 studies combined. 

Considering the evidence that depression and cognitive difficulties including WM are related in other 

clinical populations (Rose & Ebmeier, 2006), and that there are widespread difficulties with depression 

and WM in CP, this would suggest the need for more, higher quality and sufficiently powered studies in 

CP.  

Considering the lack of clarity concerning the overall trends, analysis by subtypes of paper might be 

informative. The following sections will focus on two subdivisions of papers which are pertinent to 

current conceptualisations of CP and WM. More specifically, comparing papers which consider 

individuals with a diagnosis of CPP or CSP, as well as comparing papers which use auditory-verbal or 

visual measures of WM. Subgroup analysis by CP condition type suggested that while there was no 

evidence of an association between WM and depression in samples of people with a CSP condition only, 

there was preliminary evidence in studies with samples who had a CPP condition only. In studies which 

used CPP-only clinical groups, one reported a statistically significant outcome in the hypothesised 

direction, with a large effect size. Another CPP-only study reported no relevant statistical significance or 

effect sizes, but did report a notable effect of depression on between-groups differences in WM in an 

ANCOVA model, in the hypothesised direction. A further study which used a CPP-only clinical sample did 

not reach statistical significance but reported a medium effect size in the hypothesised direction based 
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on a relatively small sample. The power calculation for this study did not consider the correlation 

between WM and depression, but based on the power calculated for this review, it was certainly 

underpowered to detect a medium effect size at statistical significance. One further study using a CPP-

only clinical sample did not report effect sizes, and had the smallest clinical sample of all studies. It is 

therefore not possible to determine whether the lack of statistical significance reported is due to a low 

effect size or a small sample. The other two studies which involved CPP-only clinical samples did not find 

a statistically significant association between WM and depression, reported negligible effect sizes and 

had relatively large samples. These two studies would have been sufficiently powered to detect a 

medium effect size, but not a small effect size. A study with 144 participants was considered high quality 

in our ratings, while one with 96 participants was rated as medium quality. It is possible considering 

their quality ratings and large sample sizes that these two papers reflect the true picture, and that there 

is no significant relationship between depression and WM in CPP. However, this conclusion may still be 

premature based on only two papers, which were still insufficiently powered to detect a small effect 

size, if one existed. In summary, out of the six studies which used a CPP-only clinical sample, two 

suggested a relationship between WM and depression, two suggested no relationship, and it was not 

possible to fully interpret two due to lack of effect size reporting and small sample sizes. The distinction 

between CPP and CSP in the context of this review may be pertinent. The primary difference between 

CPP and CSP is that CSP conditions are generally more attributable to a physical trauma than CPP 

conditions (Treede et al., 2019). CP conditions are caused and maintained by a complex interaction of 

biological, psychological and social (biopsychosocial) factors (Nicholas et al., 2019), and the distinction 

between CPP and CSP indicates different biological contributions to the condition. This review suggests 

that there may be greater – if inconsistent – evidence of a relationship between depression and WM in 

CPP than CSP. One possible explanation for this might be that while CSP conditions are generally linked 

to an observable physical trauma, physical changes in CPP are related to less observable changes in the  
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CNS, including central sensitisation and cortical reorganisation (Ji et al., 2018; Vartiainen et al, 2009). 

Considering the differential effects on the CNS in CPP and CSP, it may follow that the relationship 

between processes which are mediated by the brain, such as WM and depression, are more significant 

in CPP. A further tentative explanation for more evidence of a relationship in CPP between WM and 

depression is that there may be a greater influence of psychological factors such as depression in CPP 

within a biopsychosocial conceptualisation, with WM being one area which is affected. While there is no 

current literature to support either potential explanation, the distinction between CPP and CSP was only 

established in 2019, meaning that research base is young. Experimental research exploring the 

prevalence of depression and how it interacts with cognitive functioning between CPP and CSP groups 

would be informative for determining whether there are differing contributions of biopsychosocial 

factors. 

Another potential interpretation of the findings of this review is that the type of WM measure used 

produced different patterns of associations between WM and depression. According to Baddeley and 

Hitch’s (1974) seminal model of WM, there are separate visual and auditory-verbal WM processes 

termed the visuospatial sketchpad and the phonological loop respectively. These processes have been 

found to be sub-served by different brain regions in imaging studies (Salmon et al., 1996), suggesting an 

underlying neurological distinction. Considering this, subgroup analysis based on whether visual or 

auditory-verbal measures of WM were used in the included studies was conducted. The outcome of this 

analysis found that of the six studies which used an auditory-verbal measure of WM, none reported a 

statistically significant association between WM and depression, and all reported negligible to small 

effect sizes or did not report an effect size. While none of the four studies which used a visual, non-

verbal measure of WM reported a statistically significant association between WM and depression, 

three had other statistical indicators of some level or type of relationship, including two with medium 

effect sizes in the hypothesised direction, and one with a notable contribution of depression to WM 
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deficits in the CP sample. The two studies which found medium effect sizes had small sample sizes, so it 

is possible that statistical significance was not reached due to being underpowered rather than a true 

lack of association. It should also be noted that one of these studies was rated as low quality, meaning 

that its findings cannot be considered as robust as the other studies in this category. The fourth study 

which used a visual measure of WM did not report effect sizes, which means that it is not possible to 

determine whether the failure to reach statistical significance was due to a negligible effect size or being 

underpowered. The subgroup analysis by type of WM measure suggests that while there is no indication 

of auditory-verbal WM being associated with depression in CP, there is a majority of papers measuring 

visual WM where there is some association between WM and depression, although these do not reach 

statistical significance. While this is based on a small number of papers with unclear statistical 

outcomes, it raises the possibility that the cognitive and neural processes associated with visual WM 

processes may be more vulnerable to the impact of depression than auditory-verbal WM in CP.  

 

There is no current literature exploring the interaction of depression with visual and auditory-verbal 

components of WM in CP differentially, but there is some evidence that brain regions which are 

associated with depression are also associated with visual, but not auditory-verbal WM. For instance, 

imaging studies have demonstrated that visual WM tasks activate more extensive bilateral parietal 

regions than auditory-verbal WM (Na et al., 2000), while depression has been found to be associated 

with abnormal parietal activity and structure (Zhang, Peng, Sweeney & Gong, 2018). Considering the 

established role of the parietal lobe in pain perception and modulation (Duncan & Albanese, 2003), 

there may be neurological factors contributing to an exacerbated relationship between depression and 

visual WM deficits specifically in CP. There is limited research at the behavioural level concerning the 

relationship of depression with individual components of WM, but inconsistent associations between 

depression and the visuospatial sketchpad and phonological loop when dissociated experimentally in 
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non-CP populations have been found (Channon, Baker & Robertson, 1993; Christopher & Macdonald, 

2005). These studies either found that depression did not have a relationship with either the 

visuospatial sketchpad or the phonological loop, or found that it was negatively associated with 

performance on both. Further research by Thompson et al. (2007) found that scores on a measure of 

WM involving the visuospatial sketchpad was significantly poorer for a bipolar disorder sample than a 

HC group, while scores on a measure of WM involving the phonological loop were not. This provides 

some evidence that a depressive condition can be associated with visuospatial sketchpad but not 

phonological loop difficulties, although there is no literature investigating this distinction in CP, with or 

without depression as a factor. This gap in knowledge is highlighted by the findings of this review, which 

warrants empirical investigation. It should also be noted that none of the studies investigated WM using 

other modalities, most notably somatosensory WM or auditory WM without a verbal component. These 

types of WM involve other cognitive and neural processes and the relationship of these processes to 

depression remains unknown. 

 Limitations 

This review used a narrative synthesis approach, meaning further research is needed to provide more 

concrete evidence for or against the suggested outcomes hypotheses. There was also a relatively low 

number of papers included, which means that the findings, particularly those involving subgroups of 

only one or two papers, should be treated with caution. The low number of studies also means that 

papers with low quality, or which did not report full statistical outcomes, which accounted for 40% of 

the total, reduced the ability to interpret the findings with confidence even further. Another limitation 

of this review is that all of the studies were observational, meaning that there is no indication of 

causality. As such, any findings suggesting some type of relationship between WM and depression do 

not provide an indication of whether depression affects WM, vice versa, or if there is bidirectional 

causality. 
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 Clinical Implications 

This review provides preliminary evidence that the relationship between WM deficits and depression 

may be more pronounced in people with a CPP condition than a CSP condition. While this is far from a 

firm conclusion, none of the papers investigating CSP-only samples, or samples with a 50% or higher 

composition of CSP participants found any association, while a third of CPP-only papers found some 

statistical evidence of a relationship between WM and depression. Half of CPP-only papers which could 

be fully interpreted found evidence of an association between WM and depression. As such, there 

appears to be some difference between CPP and CSP groups. This raises the interesting possibility that 

there may be more of an interplay of cognitive and psychological factors in CPP than CSP, and possibly a 

greater contribution of these factors to the development and maintenance of CPP conditions. More 

research is clearly needed to determine whether this hypothesis stands up to scrutiny, but if such a 

difference is found it could contribute to more tailored interventions for people with CPP and CSP 

conditions.  

Among the core competencies for Clinical Psychologists in the UK are assessment and formulation, 

where relevant information is gathered and then a clinical hypothesis is developed for presenting 

problems (DCP, 2011). This process is based on theoretical understandings of clinical populations and 

presenting issues, drawn from the evidence base (Johnstone & Dallos, 2013). Bespoke interventions are 

then developed to suit the needs of clients arising from the formulation, so a refined evidence base is 

crucial for underpinning precise and relevant interventions (DCP, 2011). If the findings of this literature 

review are corroborated by empirical studies, the knowledge gained could contribute to more efficient 

and personalised formulations, in which explanations for depression and WM deficits could be 

understood as maintaining factors for each other in some circumstances but not others. For instance, 
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clinicians could be mindful, when assessing clients with CPP, that reported difficulties with depression 

may be related to WM deficits, or vice versa, but when these issues are found during assessment of 

clients with CSP, they are less likely to be related. This would guide the assessment; for instance, if a 

clinician encounters a client with CPP who reports depression, an assessment of WM may be useful for 

conceptualising their difficulties, while for someone with CSP reporting depression, it may not be. 

Furthermore, an assessment of visual WM for a client with CPP reporting depression would be more 

likely to identify a WM deficit which is related to their low mood than an auditory-verbal assessment. 

Based on the assessment, if difficulties with both depression and visual WM were found for a client with 

CPP, the case formulation would hypothesise that these difficulties contributed to each other, which is 

an important step towards developing an appropriate intervention. Similarly, if a clinician assesses a 

client with CPP who reports WM difficulties, it may also be more relevant to gather information about 

depression and include that in the formulation, than for someone with CSP who reports WM difficulties. 

Formulations based on refined theoretical conceptual understandings of specific clinical populations 

identify potential interventions which can interrupt negative patterns which maintain presenting 

problems (Johnstone & Dallos, 2013). A strength of psychological formulation and intervention is that it 

is unique to each individual (Johnstone & Dallos, 2013) so permutations of this knowledge would be 

context-dependent. However, an example of such an intervention for a client with CPP who reports 

difficulties with WM and also presents with symptoms of depression, might involve clinicians treating 

depression using evidence-based psychosocial interventions such as behavioural activation (NICE, 2009), 

alongside neuropsychological interventions targeting visual WM, such as cognitive remediation (Bell et 

al., 2003). This would maximise the chances of improvements in both WM and mood domains by not 

only targeting each individually but recognising that they may be maintaining factors for each other, 

requiring an additional breaking of a maintenance cycle. Without such an approach, it is possible that 

attempts to remediate WM deficits would be undermined or degraded over time by lingering untreated 
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depressive symptoms, or vice versa. A joined-up approach to treatment could therefore make service 

provision more efficient and client-centred, in line with NHS core values (Department of Health and 

Social Care, 2021).  

 

In support of this combined approach to treatment, there is already evidence that in other clinical 

populations interventions targeting WM can improve depressive symptoms. Some cognitive remediation 

interventions targeting WM capacity directly, such as Cognitive Control Training, have shown positive 

outcomes in terms of reduced rumination and depression (Siegle et al., 2007), and these effects can be 

enhanced and elongated by transcranial Direct Current Stimulation (tDCS), which contributes additional 

neural stimulation (Brunoni et al., 2014). Joplin et al. (2020) additionally demonstrated that training 

participants who met diagnostic criteria for major depressive disorder to remove negative information 

from WM led to reduced depressive symptoms including rumination, negative intrusive thoughts and 

stress responses. Although there is currently no literature concerning the effect of interventions 

targeting depression on WM capacity, this latter study raises the intriguing possibility that interventions 

such as Cognitive Behavioural Therapy which aim to reduce negative ruminations and intrusive negative 

thoughts (Gautam et al., 2020), might benefit WM by decreasing the load of information held therein. In 

practice, while each case would need individual consideration, an example of an intervention based on 

the established literature around supporting difficulties with WM and depression, might involve: (i) 

compensatory strategies such as writing information in notebooks or diaries to support visual WM; (ii) 

direct cognitive rehabilitation such as Cognitive Control Training to target WM capacity directly; (iii) 

potentially direct neural stimulation using tDCS to enhance cognitive rehabilitation, where possible; (iv) 

psychosocial interventions such as CBT or behavioural activation to reduce depressive symptoms. While 

these are all established interventions, this study has provided preliminary evidence to suggest that 

combining these types of intervention could optimise outcomes in terms of both depression and WM. 
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Additionally, this study suggests that this combination of approaches could be more beneficial for those 

with CPP than CSP, and that visual working memory may be a more fruitful avenue for intervention than 

auditory-verbal. As such, it has contributed valuable new lines of enquiry which could lead to more 

efficient service provision. 

 

Rehabilitation for WM is not commonly undertaken in CP treatment settings and there is no research on 

the impact of WM rehabilitation on wider functioning or quality of life in CP (Baker et al., 2017). 

However, following mild traumatic brain injury, it has been demonstrated that WM training can improve 

the ability to undertake activities of daily living and return to employment (Vallat-Azouvi et al., 2009). 

Psychosocial interventions targeting depression in CP have been shown to decrease difficulties with 

mood, as well as increase activity levels and positive coping (Holmes et al., 2007). As such, finding ways 

to enhance and increase treatment options for WM and depression can be expected to deliver further 

benefits for the functioning and emotional wellbeing of people living with CP. The new understandings 

of the potential for WM difficulties and depression to maintain one another in CPP found in this review, 

and the implication for adopting treatment approaches which target WM and depression concurrently, 

therefore have potential for improving clients’ functional and emotional outcomes. As the potential 

relationship between WM and depression in CPP is a new finding, in order to integrate this new 

knowledge and implications for treatment into pain management services, training may be beneficial. 

Recently, there have been calls for greater training and a defined training curriculum in the specialty of 

pain psychology (Wandner et al., 2019). This specialist training needs to integrate knowledge and 

competencies specific to the chronic pain population, differentiated from other clinical psychology 

specialties (Cox et al., 2013). If verified through empirical studies, the new insights from the current 

review could be incorporated into this specialist training, as it demonstrates a profile of cognitive and 



   
 

 49 

emotional characteristics and interactions which are unique to CP and are therefore important for 

specialist pain psychologists to be aware of. 

 Conclusions 

This is the first review of the literature concerning the relationship between WM and depression in CP. 

Overall the findings suggest that there is no statistically significant relationship between WM and 

depression in CP populations that cannot be explained by other factors such as self-report biases. 

However, subgroup analysis by type of CP diagnosis and type of WM measured suggests that there may 

be some benefit from conceptualising the relationship between WM and depression differentially 

according to these categories. There was incomplete data and one low quality study, which means that 

the interpretation of these findings and their wider generalisability is limited. Further empirical research 

is needed to determine whether these indications could be informative for pain management services. 

More high quality research with sample sizes sufficient to detect small to medium effect sizes is needed 

to confirm or refute the preliminary findings of this review. The issue of causality between depression 

and WM, if any exists, has not been researched, and longitudinal cohot studies appear to be the most 

practicable and ethical way to elucidate this question. 
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Abstract 

Background: Working Memory deficits are frequently reported and demonstrated through formal 

assessment in people with a diagnosis of fibromyalgia, but the precise characterisation of these 

difficulties remains vague. At present, measures of Working Memory only cover a limited range of 

timescales and sensory modalities, restricting research into the topic and assessment in clinical settings.  

Objective: This study aimed primarily to develop and provide evidence for the population and construct 

validity of a measure of Auditory Working Memory on a timescale of 10s of seconds to minutes by 

assessing reproducibility across clinical and control groups. The auditory sensory modality was chosen as 

most practical in the context of the COVID-19 pandemic, allowing home-based online task 

administration. Its secondary aims were to provide pilot data concerning differences between 

participants with fibromyalgia and healthy controls on measures of general and Auditory Working 

Memory; and to provide preliminary evidence for any relationships between clinical and experimental 

measures of Working Memory, and between general Working Memory and Auditory Working Memory 

capacity.  

Methods: A newly developed measure of Auditory Working Memory was administered to 17 

participants with fibromyalgia and 17 healthy controls, aged between 18-64 years old. Fifteen of each 

group were included in the final analysis. This novel measure manipulated the exposure to different 

probabilities of auditory stimulus parameters across different blocks in a within-subjects design, 

allowing to quantify top-down influences (prior experience) on parametric Auditory Working Memory. 

Accuracy and reaction times were analysed to validate the measure across the two groups separately, 

and both combined. It was hypothesised that increased probabilities would decrease top-down 

influences on parametric Auditory Working Memory, while decreased probabilities would lead to an 

increase in this effect, which would be consistent across groups, providing evidence of population and 
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construct validity. A partial correlation between the novel measure and existing Working Memory tests 

was also hypothesised, providing evidence towards criterion validity. Preliminary evidence of Auditory 

Working Memory deficits for participants with fibromyalgia, and a positive correlation between clinical 

and experimental measures of Working Memory, which would provide evidence towards concurrent 

validity of the experimental measure, were further hypotheses. 

Results: Consistent outcomes regarding Auditory Working Memory were found across the separate and 

combined groups in terms of effect sizes and means, suggesting population validity, although statistical 

significance was only reached for the combined group. As expected, manipulating the probability of 

auditory stimulus parameters across blocks biased participants’ judgements towards their average 

characteristics, thereby supporting construct validity of the measure, although this was not the case for 

all probability distributions. Evidence of criterion validity was not found, which may reflect the different 

constructs being measured in the novel and existing measures. Further analysis found a significant 

association between clinical and experimental measures of Working Memory with a large effect size, 

suggesting concurrent validity for the experimental measure, and subtle evidence of poorer 

performance on measures of Working Memory and Auditory Working Memory by participants with 

fibromyalgia than healthy controls. 

Conclusions: This study has provided evidence of population and construct validity for a measure of 

Auditory Working Memory on a scale of 10s of seconds to minutes, demonstrating its ability to elicit 

reproducible top-down effects on working memory, and supporting its utility for further research into 

Working Memory deficits in fibromyalgia and ultimately for assessment in clinical settings. Some 

unexpected findings which contradicted the hypotheses, particularly that there was no evidence of an 

impact of top-down Working Memory on parametric Working Memory in one experimental condition, 

can be used to inform further refinement of this measurement tool. 
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Introduction 

Fibromyalgia (FM) is one of the most common Chronic Primary Pain (CPP) conditions, with 

approximately one in 20 people in the UK affected to some degree (NHS, 2019). CPP conditions such as 

FM carry enormous personal, social and economic burdens, including physical disability, mental health 

comorbidity, absenteeism, increased contact and strain on healthcare services and finances, and 

unemployment (Phillips, 2009; Pain Proposing Steering Committee, 2010). Despite its prevalence and 

impact, current understanding of the causes of FM is poor and consequently approaches to treatment 

lack efficacy (Pain Proposing Steering Committee, 2010; Abdel Shahee et al., 2016). It is not known 

though what factors are causally related to poor functional outcomes in FM. 

 

Mild cognitive deficits such as those found in CP have been found in other clinical populations to be 

related to reduced functionality and quality of life, for example in samples with mild cognitive 

impairment and mild dementia (Stites, Harkins, Rubright & Karlawish, 2019). While a range of cognitive 

domains have been found to be impaired in FM, including attention, free recall, spatial memory and 

executive functions (Bertolucci & De Oliveira, 2013), working memory (WM) deficits are a cardinal 

feature of the cognitive dysfunction in this population (Ambrose et al., 2012). A previous meta-analysis 

by Berryman et al. (2013) found consistent evidence of cognitive deficits, particularly WM deficits, in CP 

conditions. Forty percent of the 215 included papers evaluated WM in FM. WM refers to the ability to 

hold information in mind for short periods, ranging from milliseconds to minutes, and mentally 

manipulate this information to complete activities in vivo (Bjorkdahl et al., 2013). It is a crucial skill for 

achieving daily goals, so deficits in WM can significantly impact on day-to-day functioning (Garcia-

Alvarez et al., 2019). WM operates on a range of timescales and with different levels of abstraction and 

control, and different studies have also shown that it occurs with respect to any sensory modality, linked 
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to differential involvement of multiple brain regions (Fassihi et al., 2014; Fuster & Bressler, 2012). 

Deficits at either basic or more complex stages of this process – where information is either simply held 

in mind, or a task involves secondary processing components requiring more sophisticated cognitive 

functions – can hinder goal-oriented activity (Conway et al., 2003). WM can be considered to be related 

to both the capacity to hold information in mind, and also capacity to maintain attention on that 

information and rehearse it; these distinct aspects of WM require different timescales (Tetzlaff et al., 

2012). As such, WM is a multifaceted phenomenon requiring consideration across a wide spectrum of 

complexity and timescales.  

However, the precise characterisation of WM difficulties found in FM is still unclear. A growing body of 

evidence suggests that people with CP have deficits on tasks linked to the Posterior Parietal Cortex, a 

brain region associated with WM (Cohen et al., 2013) and behavioural assessments of WM in CP, 

including FM, have frequently found deficits (Berryman et al. 2013). The reasons why we might find 

these deficits in FM include: (i) excessive nociceptive neural activity diverting cognitive resources from 

other processes, including WM (Berryman et al., 2013); (ii) hypervigilance to bodily sensations, including 

salient nociceptive inputs, in CP directing attention away from other cognitive processes, including WM 

(Legrain et al., 2011). This phenomenon is exacerbated by fear and catastrophizing about pain, which is 

often found in CP (Crombez et al., 1998); (iii) Over-attendance to specific body areas because of 

hypervigilance to somatosensory stimuli or in search of pain relief leading to stronger neural pain 

responses to nociceptive stimuli in these regions (Legrain et al., 2009).  This over-estimation of irrelevant 

nociceptive stimuli restricts other information from the environment accessing WM (Legrain et al., 

2009); (iv) persistent pain disrupts brain functioning across domains not specific to pain processing. This 

includes the default mode network (DMN), which provides a balanced baseline resting brain state, 

essential for helping the brain to maintain information needed for responding to and predicting 

environmental demands. As such, disrupted DMN functioning in CP undermines WM processes (Baliki et 
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al., 2008). It has previously been found that cognitive ability including WM may predict the development 

of CP and outcome in terms of the experience of pain six- and twelve-months post-surgery for patients 

who previously did not have CP (Attal et al., 2014). This raises the question of whether WM might 

predict clinical outcomes in FM, and which timescales, levels or sensory modalities of WM could be 

relevant. 

 

In non-CP studies there have been findings of neural activity in different brain regions depending on 

timescale of a WM task, ranging from sub-second integration of information (Jadhav & Feldman, 2010) 

to maintenance of information in WM over seconds to minutes (Romo & Salinas, 2003). Additionally, 

Baddeley’s (2000) updated model of WM proposes that WM is subdivided into four subsystems, with 

differing timescales of WM involved. This model drew on a proposed ‘long-term WM’ (Ericsson & 

Klintsch 1995) which can hold information in mind for several minutes, suggesting a timescale of WM 

which is in contrast to other components of WM where information decays over a few seconds. These 

models have been supported by experimental and neuropsychological case studies (Baddeley, 2000). 

Despite the evidence that WM is a multi-faceted process involving different brain regions, and that WM 

is compromised in FM, it is not currently known which dimensions of WM are affected in FM. According 

to Gil-Ugidos et al. (2021), considering the multiple components of WM and the lack of clarity currently 

about WM deficits in FM, it is important for research to attend to each of the different dimensions of 

WM in FM. Specifically for this study, it is not currently known what timescale of WM is typically 

affected in FM. This is important to understand as evidence-based neuropsychological interventions are 

based on detailed characterisations of cognitive deficits drawn from the literature (Bilder, 2011) so a 

more precise conceptualisation of the timescale of WM difficulties in FM is needed to inform 

appropriate intervention. At present, although there are assessments of WM on a short timescale up to 

a few seconds used in clinical practice (Lange, 2011) and research into WM deficits in FM (Berryman et 
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al., 2013), there are none which measure WM on a longer timescale of 10s of seconds to minutes which 

have been validated for clinical or research purposes. This limits research into the characterisation of 

WM deficits in FM, meaning that clinical practice is not supported by a robust evidence base. In order to 

contribute towards addressing this gap in the literature, this study developed and evaluated validity of 

the first measure of WM on a scale of 10s of seconds to minutes for use in FM populations, which can be 

used in clinical research to investigate WM deficits in FM comprehensively.  

 

In order to achieve this aim, this study focused on developing and validating a measure for ‘top-down’ 

WM. Top-down has been defined as cognitive processes subserved by the prefrontal cortex which 

enhance and suppress aspects of information processing as required for goal attainment (Gazzaley et al., 

2005). It has also been defined as ‘cognitive influences and higher-order representations’ which have an 

impact on information processing at earlier, ‘bottom-up’ cognitive stages (Gilbert & Li, 2013). 

Pertinently for this study, top-down cognitive processes have been demonstrated to influence how we 

attend to information in line with previous experiences, whereby we develop expectations and 

hypotheses to be tested through subsequent experiences (Raviv et al., 2012). Such top-down influences 

underpin a cognitive process called the contraction bias. The contraction bias occurs when an individual 

is presented with multiple stimuli with varying magnitudes, and develop a perceptual bias towards the 

mean of these stimuli, relying on an accumulation of information in WM. They then overestimate the 

magnitude of relatively smaller magnitude stimuli and underestimate the size of relatively larger 

magnitude stimuli in the presented sample (Ashourian & Loewenstein, 2011). The measure developed 

for this study  utilised a cognitive bias which is closely linked to this phenomenon, termed the Time 

Order Effect (TOE), which has been recognised and researched since the 19th Century (Hellstrom, 1979), 

and involves top-down influences on parametric WM. In common with all cognitive biases, the TOE 

refers to an automatic, unconscious cognitive process (Hassleton & Nettle, 2006), where repeated 
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exposure to stimuli with varying magnitudes produces a perceptual bias towards the mean magnitude, 

resulting from the time-order in which two stimuli with differing magnitudes are presented. While 

different theories have been proposed for how the TOE is produced, there is most evidence to suggest 

that it is secondary to a degradation of memory traces over time, which is an implicit cognitive process 

(Harrison et al., 2017). This effect has been identified across a range of stimulus parameters including 

length, loudness, duration, brightness, and most relevant to the current study, frequency (Harrison et 

al., 2017). It has also been identified across sensory modalities (Harrison et al., 2017), and an auditory 

version of the TOE was used in this study, enabling participants to complete the tasks using their own 

devices at home. This was essential as the recruitment was conducted during the COVID-19 pandemic 

which placed restrictions on face-to-face research. The TOE is described in more detail in the Methods 

section of this report.  

This study attempted to validate the measure by administering it across patient and control groups and 

looking for replicability of findings. Validity has been defined as the accuracy of a measure (Borsboom et 

al., 2004), and can be subdivided into two types, internal and external validity (Patino & Ferreira, 2018). 

Internal validity refers to whether the experiment was designed, conducted and analysed in a manner 

whereby the outcomes can be trusted as a measure of what is intended, meaning the effect of 

independent variables on dependent variables, not confounding or extraneous variables (Andrade, 

2018). One type of internal validity which is particularly relevant for the measure to be assessed in this 

study is construct validity, where the measure produces outcomes which are consistent with underlying 

theoretical expectations (Hays & Reeve, 2008), evidencing that the outcomes accurately reflect the 

constructs they are intended to assess (Borsboom et al., 2004). In this study, the construct to be 

measured is WM via the auditory modality (AWM) on a timescale of 10s of seconds to minutes.   

External validity refers to whether the outcomes from research can be generalised outside the research 

setting. The type of external validity most relevant to this study is population validity, where the findings 
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can be generalised to multiple relevant groups of people (McDermott, 2011). Both internal and external 

validity are important considerations for determining the efficacy of a measure, and differentiation 

between the two types of validity is important for understanding the underlying concept of interest 

(Fabrigar et al., 2020).  

External validity is important to establish because all experiments are context-dependent, and the 

usefulness and meaning of the outcomes of a study are limited unless generalizable to other scenarios 

(Aronson et al., 1990). As stated by McDermott (2011), external validity as established by replication 

across population, context and time should be sought prolifically, because if there is a genuine causal 

relationship between the independent and dependent variables in a study, it should emerge over these 

different dimensions. The primary focus of the current study was therefore on external validity as a key 

initial step towards producing a useful measure for clinical research and practice. Specifically, it focused 

on population validity, to help determine whether the measure has validity to test AWM at a scale of 

10s of seconds to minutes across a wider and more meaningful scale. To achieve this, the measure was 

administered with identical methodology to different samples with differing clinical status, and the 

patterns of outcomes were examined for continuity and similarity. Assessing population validity requires 

administering the measure to different groups who would be expected to be representative of the 

construct under investigation (McDermott, 2011). As the measure was to be validated for use in 

research into FM, and the TOE has been observed in healthy individuals previously (Harrison et al., 

2017), the groups in this study were a Healthy Control (HC) group and a FM group. This method was 

chosen as assessing external validity via reproducibility across different populations is a more effective 

means of establishing external validity than other methods such as increasing the breadth or size of 

clinical samples within a single study (McDermott, 2011). Patterns of outcomes were expected to be 

similar for each group, notwithstanding some variation as WM capacity is already established as a 

general area of difficulty for people with FM. More specifically, we expected the within-subject effects 



   
 

 75 

for each group to have the same pattern and be statistically significant, although the effects may be 

weaker in the FM group because of WM deficits impacting on performance. We considered population 

validity to be evidenced if a similar pattern occurred for each group, even if the pattern occurred to 

different extents between groups. As described in more detail in the Methods section, the measure 

exposed participants in a repeated measures design to differing compositions of frequencies of auditory 

stimuli, which invoked TOEs with skewed patterns of accuracy and reaction time. More specifically, in 

relation to the standard TOE paradigm, in which there is a 50:50 ratio of stimulus trials, ratios of 20:80 

and 80:20 of the same stimuli were expected to produce varying magnitudes of the TOE across different 

trials. For trials which occurred with a 20% probability in each of these blocks, an increased TOE 

magnitude was expected while a reduced TOE was expected for trials which occur with an 80% 

probability in these blocks. In terms of establishing external population validity, this pattern of results 

would be expected consistently across the FM and HC groups, as well as both groups combined.  

While the primary aim of the study was to establish whether the novel measure had evidence of 

population validity, these outcomes would additionally provide evidence towards construct validity. 

Construct representation, which is an aspect of construct validity theory, refers to how well 

experimentally manipulated outcomes are an indicator of the underlying construct (Borsboom et al., 

2004). As such, the aim of construct representation is to test whether the theorised underlying construct 

produces the theorised pattern of dependent variable outcomes, with construct representation being 

evidenced by confirmation of the predicted outcomes (Strauss & Smith, 2009). If the anticipated 

outcomes previously described were elicited by the novel measure of AWM developed in this study, it 

could therefore be concluded that there was evidence of construct validity. 

In addition to the population and construct validity assessed as primary foci for this study, preliminary 

evidence was sought concerning the criterion validity of the novel measure. Specifically, a subtype of 

criterion validity called concurrent validity was examined, which refers to whether a new measure’s 
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accuracy can be corroborated by comparison with existing ‘gold-standard’ measures of the same or 

similar constructs (Davis et al., 2017). In order to examine concurrent validity, this study compared the 

outcomes of the novel measure of longer-timescale AWM with the Weschler Adult Intelligence Scale 

Working Memory Index (WAIS-IV WMI) and n-back task, which are established clinical and experimental 

measures of general WM respectively (Holdnack, 2019; Gajewski et al., 2018). As previously stated, 

there is currently no measure of WM at a timescale of 10s of seconds to minutes, hence the need for 

this new measure, and the WAIS-WMI and n-back measure WM at a timescale of a few seconds. 

However, WM is not a unitary construct and is hypothesised to include multiple components 

incorporating different dimensions including timescale, and these components interact. Most 

pertinently for this study, early-stage WM processing is hypothesised to be inter-dependent with longer-

timescale WM (Ricker et al., 2010). As such, although the WAIS-IV WMI and n-back measure different 

timescales of WM to the novel AWM task, it was expected that there would be evidence of a partial 

correlation between these measures. This finding would provide preliminary evidence of concurrent 

validity of the novel measure. 

Considering the potential implications of this study for clinical assessment, preliminary evidence of a 

correlation between the n-back task, and the WAIS-IV WMI, was also analysed. As both measures assess 

general WM on a similar timescale, it was expected that they would be positively correlated. While the 

n-back task used was based on standard versions of the test which already have demonstrated validity, 

the version in this study was adapted for an online administration. Correlating this version with the 

WAIS-IV WMI would contribute evidence towards the criterion validity of this n-back, specifically 

concurrent validity. Both measures are described in the Procedure section later in this document. 

Finally, the study provided pilot data concerning differences between people with a diagnosis of FM and 

HCs regarding top-down influences on AWM. In line with the evidence outlined so far indicating that 
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WM in general is an area of difficulty in FM, it was expected that top-down influences in the FM group 

are impaired relative to the HC group.  

We hypothesised that: 

1.  The TOE will be measurable with respect to parametric WM in both clinical and control groups. 

More specifically, performance in terms of accuracy and reaction times on the AWM task will be 

influenced by expectations learnt from previous trials where auditory information is presented 

over a longer period. In terms of establishing evidence of construct validity of the measure, we 

expect that in trials which occur with 20% probability, there will be a consistent and statistically 

significant pattern of an increased TOE relative to the baseline 50:50 ratio condition. There will 

also be a statistically significant pattern of decreased TOE relative to the baseline condition for 

trials which occur with an 80% probability. Demonstrating these patterns consistently across 

both groups individually as well as when both groups combined would provide evidence for 

population validity.  

2. We additionally anticipate that, when comparing participants with FM to HCs, there will be 

preliminary evidence of deficits in top-down influences on AWM and general WM capacity. 

However, this difference will not detract significantly from the expected pattern of outcomes 

across the two groups as stated in hypothesis one. 

3. We anticipate that there will be further preliminary evidence that individual differences in 

general WM ability will partially explain individual differences in AWM capacity. In particular, it 

is expected that the outcomes of longer-term AWM as described in the Methods section of this 

study will correlate with a small to medium effect size with the established measures of general 

WM, the WAIS-IV WMI and n-back. This would provide preliminary evidence towards concurrent 

validity of the novel measure. 
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4. We finally expect to find preliminary evidence of a positive correlation between the n-back task 

and the WAIS-IV WMI. If this is found, it would contribute evidence towards the concurrent 

validity of the n-back task. 

 

Materials and Methods 

1. Experimental Design 

This quantitative research study used a between-subjects observational (case-control) design with a 

nested within-subjects experimental design. 

 

2. Participants 

2.1. Participant identification and initial contact 

Participants with a diagnosis of FM living in the community were recruited, who had been involved in 

previous studies with the University of Liverpool and expressed an interest to be retained on a register for 

future research. A further healthy participant group which was age-matched to the clinical group was 

recruited from University of Liverpool staff and student populations, as well as the wider population. 

Participants were provided with an information sheet before deciding whether to take part in the study. 

This sheet explained that the study was investigating the role of WM in FM, and would contribute to a 

better understanding of these widely reported difficulties to inform clinical practice. The information sheet 

also explained that the study would involve a computer experiment, conducted in their own home, which 

would involve listening to and making judgements about auditory and visual stimuli. Participants were given 

further opportunities to ask follow-up questions directly to the researchers by phone or video call if they 

wished. 
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Patient participants were identified through a database of participants held by the Chief investigator. These 

patients had previously taken part in research at the University of Liverpool. This included both patients 

with FM and healthy individuals. Potential participants were contacted directly by the study team using 

retained contact details gathered from previous studies (See Appendix F and Appendix G). They were only 

contacted if they had previously expressed an interest in taking part in further research and provided 

written consent to be contacted for this purpose. 

 

2.2. Eligibility criteria 

The inclusion criteria were: (i) clinician-confirmed diagnosis of FM (clinical group) or no history of CP 

(healthy group); (ii) being over 18 years and under 65 years of age. The exclusion criteria were: (i) comorbid 

neurological impairments such as brain injuries or neurodevelopmental disorders; (ii) failure of the test of 

effort (as described in the Procedure section later in this report). Although normal or corrected-to-normal 

hearing was not formally an inclusion criterion, all participants were asked about their hearing and none 

reported difficulties, or struggled in conversation before undertaking the test. 

 

2.3. Eligibility screening 

Potential participants who expressed an interest in taking part in the study were contacted by C.K., Trainee 

Clinical Psychologist, who is one of the researchers, to determine whether they met inclusion or exclusion 

criteria. This study was conducted remotely, with participants requiring a computer and reliable internet 

connection in their own home. This was discussed during screening and eligibility phone calls. 

 

2.4. Ethics and patient safety and expert by experience consultation 
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This study was granted ethical approval by the University of Liverpool Sponsor on 21st August 2020, the 

Higher Research Authority (HRA) and Health and Care Research Wales (HCRW) on 15th January 2021, and 

the NHS Research REC on 15th January 2021 (see Appendices H-J for Statements of Approval). All 

participants were given information about the study and provided informed consent before taking part. 

 

An expert by experience provided detailed feedback on the project proposal, and amendments were made 

in accordance with these. While the exact nature of the expert by experience’s health condition was not 

specified and the feedback was anonymous, they did state that they experienced WM difficulties. It was 

specified in the project proposal submitted for consideration by the Liverpool Doctorate in Clinical 

Psychology department and the NHS Research Ethics Committee (REC) that further consultation would be 

undertaken with the Self Motivation in Lasting Endorphins (SMILE) Liverpool charity for people living with 

CP, by attending their meetings and forming focus groups. However, due to restrictions on non-essential 

gathering in the context of COVID-19, SMILE did not meet over the subsequent time period and it has 

unfortunately not been possible to consult further with them. 

 

3. Procedures 

3.1. Experimental procedure 
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Following informed consent gathering, participants were asked to return a questionnaire with key 

demographic and medication information (See Appendix K). Once this information was returned, a video call 

was arranged between the researcher and each participant. During the call, the Generalised Anxiety 

Disorder Assessment (GAD7; Appendix L) and Patient Health Questionnaire 9 (PHQ-9; Appendix M) were 

then administered as standard measures of anxiety and depression respectively.  The Weschler Adult 

Intelligence Scale IV, WM Index (WAIS-IV WMI), a widely used clinical measure of general WM was then 

administered. The WAIS-IV WMI is fully verbal and was administered by video call between the participant 

and a researcher. The task related to AWM was then administered to all participants using bespoke 

computer programmes generated with Gorilla online software, which produced patterns of auditory tones. 

Following this, all participants completed a computerised n-back task using Gorilla online software. All of the 

computer experiments had regular break points, and participants were encouraged to use these to manage 
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any fatigue or pain they were experiencing. This was reported to be particularly helpful for those 

participants who experienced finger or hand pain. 

 

3.2. Measures 

The following measures were used in this study: 

3.2.1 The Generalised Anxiety Disorder Assessment (GAD7) and Patient Health Questionnaire 9 (PHQ-

9) were administered as measures of anxiety and depression respectively. The GAD7 has 

excellent internal consistency (Cronbach alpha=0.92), good test-retest reliability (intraclass 

correlation=0.83), as well as good construct, factorial, criterion and procedural validity (Spitzer 

et al., 2006). The PHQ-9 has high internal consistency (Cronbach alpha between 0.86 and 0.89), 

as well as good criteria validity (APA, 2020), good construct validity and acceptable test-retest 

reliability (test-retest correlation coefficient=0.737; Sun et al., 2020). The GAD7 has seven items, 

each of which has a score of 0-3, where increased scores indicate higher anxiety. As such the 

GAD7 has a range of 0-21, and a score of over 10 indicates Generalised Anxiety Disorder (Spitzer 

et al, 2006). The PHQ-9 has 9 items, each of which has a score of 0-3, where higher scores 

indicate greater depression. As such the PHQ-9 has a range of 0-27, and a score of over 10 has a 

sensitivity of 88% and specificity of 88% for major depression (Kroenke et al., 2001). Depression 

and anxiety are frequently reported to negatively impact on cognitive domains including 

attention, memory and processing speed (Perini et al., 2019), meaning that any variance in the 

cognitive processes measured in this study may be attributable to affective factors in addition to 

CP. As such they were considered as covariates in this study. 

3.2.2 The Weschler Adult Intelligence Scale IV, WM Index (WAIS-IV WMI). The WAIS-IV WMI has been 

normed on a stratified sample of 2200 healthy individuals, aged from 16 to 90, with further 

stratification in respect to gender, race, ethnicity, educational level and geographical region. It 
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has high face validity and good reliability (Chronbach’s alpha of 0.94: Silva, 2008). The WAIS-IV 

WMI has not been tested with FM patients, but would be valuable for clinical application of any 

findings of WM deficits in this population, particularly for assessment in clinical settings. In 

addition, the WAIS-IV WMI contains an embedded test of effort termed the Reliable Digit Span 

measure (Greiffenstein, Baker & Gola, 1994). Tests of effort are commonplace in 

neuropsychological test batteries, as reduced effort is well documented to impact on task 

performance (e.g. Green, 2007), and as such needed to be accounted for in this study. The 

WAIS-IV WMI has two subtests; Digit Span and Arithmetic. In Digit Span, participants listened to 

strings of numbers, which increased in length, and were asked to repeat the strings. In trial one, 

the string was repeated in the same order as the experimenter states it, while in trial two, they 

were asked to repeat it in reverse order, and in trial three they were asked to repeat it but 

ordering the numbers from lowest to highest. In the Arithmetic subtest, participants listened to 

an arithmetic problem which required holding verbal information in mind. In both subtests, the 

raw score calculated was total correct responses, which were then converted to scaled scores 

based on normative data. The two scaled scores were combined to produce a composite score, 

(Mean=100, Standard Deviation=15, which was the outcome measure used for analysis. 

3.2.3 A computerised visual version of the n-back task. The n-back task is a widely used measure of 

general WM with good face validity (Gajewski et al., 2018), and moderate reliability 

(Chronbach’s alpha of 0.55: Shamosh et al., 2008). Previous research has found the n-back task 

to be the most sensitive measure of cognitive difficulties in FM (Seo et al., 2012). It requires the 

participant to identify whether a visual stimulus matches another presented several steps 

previously, or a target visual stimulus. As such, it engages several key WM processes, including 

sustained attention, on-line monitoring, updating and manipulation of information. A visual 

letter version which has been used and validated in CP populations (Moore at al., 2019) was 
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used. This stage included two versions of the n-back task: (i) a 0-back task, where participants 

had to state whether a briefly presented letter matched a predefined letter (X) or not, which 

was used to give an indication of sustained attention capacity; and (ii) a 2-back task, where 

participants were required to respond whether a presented letter was the same as one 

presented 2 trials previously. As such, this version loaded more heavily on WM capacity 

specifically than the 0-back task. Each version had 100 trials, stimulus presentation was 200ms, 

the response window was 3200ms (+/-50ms), with 30 target stimuli out of the 100 trials. 

Participants responded by using their keyboard to indicate on each trial whether the target 

stimulus was presented or not. 

3.2.4 A bespoke computerised programme created for this study measuring AWM capacity (described 

below). 

3.2.4.1 Development of novel AWM Measure 

If an individual is repeatedly exposed to four stimulus trains with different frequencies, for example 19Hz, 

21Hz, 24Hz and 26Hz, over time a perceptual bias towards the mean of those frequencies will occur 

(Hellstrom & Rammsayer, 2015), which is 22.5Hz in this example. This manifests cognitively as an 

expectation that the four distinct stimulus trains will be closer to 22.5Hz than they actually are in further 

trials (see Figure 2). Behaviourally, if the individual is then presented with the four stimulus trains in pairs 

(19Hz/21Hz and 24Hz/26Hz), and asked to discriminate between the frequencies, the responses become 

skewed in terms of accuracy depending on which frequency is presented first. In this example, if the lower 

frequency pair is presented with the order 19Hz – 21Hz, a lower accuracy would be expected than if it was 

presented in the order 21Hz – 19Hz. Conversely, if the higher frequency pair is presented in the order 24Hz 

– 26Hz, a higher accuracy would be expected than if the same pair was presented in the order 26Hz – 24Hz. 

This reflects the overall bias towards the mean of 22.5Hz in that when the stimulus train frequency pair 

which is closest to the mean is presented first, there is a greater perception of difference to the second 
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stimulus train, which is further from the mean, and consequently discrimination accuracy is higher. This 

effect is called the TOE in the literature and, using the frequencies described above, has been previously 

demonstrated in pilot studies using tactile stimuli (See Appendix N). While the exact mechanisms underlying 

the TOE remain controversial, it is an established phenomenon which highlights different levels of WM and 

their interaction. In tasks investigating the TOE, basic WM processes are required to discriminate between 

two sequentially presented stimulus trains in a short period of time. Concurrently, top-down WM processes 

are required to hold information about multiple stimulus trains over a longer time period in mind, and form 

probabilistic expectations for current and future stimulus trains based on those previous trains. The top-

down processes furthermore use the information held in mind over a longer time period to influence the 

perception of the stimulus trains in trials where more rudimentary WM processes are primarily involved. 

 

Figure 2. Top-down (time-order) effects on AWM 

 

 

The measure developed for this study manipulates the occurrence of stimulus frequency pairs as 

outlined above in order to assess AWM capacity across different timescales. The measure makes use of 

varying blocks with either 50:50 or 80:20 ratio compositions of stimulus pairs centred around 20Hz or 

around 25Hz. This is described in more detail in the Bespoke AWM Task Structure section of this report. 

The purpose of altering the block compositions in this way was to vary the unconscious probabilistic 



   
 

 86 

expectations elicited according to the TOE, which rely on AWM at different points. For example, in a 

block with a 50:50 composition of stimulus train pairs, the standard TOE was expected, as the mean 

frequency expectation would be 22.5Hz. However, in the 80:20 ratio blocks, where 80% of stimulus pairs 

centre on 25Hz, and 20% centre on 20Hz, the mean frequency (24Hz) is closer to the 25Hz pair. In these 

blocks, it was expected that the TOE would be more pronounced for the pair of stimulus trains centred 

on 20Hz, as they are now further perceptually from the block mean, and that the TOE for the 25Hz 

centred pair would be diminished, as the mean is now close to 25Hz. Conversely, in 20:80 ratio blocks, 

with 20% of stimulus pairs centred on 25Hz and 80% of stimulus pairs centred on 20Hz, the mean 

frequency would be 21Hz, producing a more pronounced TOE in the 25Hz pairs and a diminished TOE in 

the 20Hz pairs. Pilot data conducted using these frequency manipulations using auditory stimulus trains 

and healthy participants for this study suggested that this phenomenon was elicited (See Appendix O). 

As each block lasts several minutes, longer-term AWM lasting in the scale of 10s of seconds to minutes is 

required to see this effect. The retention of stimuli in AWM over the course of the full 80:20 or 20:80 

block is necessary to produce the different mean frequency and probabilistic expectations which skew 

the TOE responses as described. In contrast, the TOE in the 50:50 ratio blocks could be elicited after 

relatively few trials, requiring AWM at a lower level and over a shorter timescale. 

These variations in blocks were anticipated to produce differences in response accuracy, and also 

reaction times, which were the quantitative outcomes. More specifically, the differences in accuracy and 

reaction times between the 50:50, 80:20 and 20:80 blocks were anticipated to provide an indication of 

whether an individual had difficulties with AWM across a range of timescales from a few seconds to 

minutes.  

 

3.2.4.2. Current Task Structure 
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Within the 50:50 blocks of the computer-generated experimental measures described above, existing 

methods were used that produce robust results in HCs (Romo & Salinas, 2003), but were being used with 

people with FM for the first time in this study. The addition of 80:20 and 20:80 ratio blocks was a 

modification to existing procedures which was being introduced for the first time, and was the one to be 

validated in this study. In order for participants to perform optimally on this task by maintaining accuracy 

and speed in their judgments, they would make use of prior information, maintained over more trials than 

the 50:50 blocks and therefore requiring maintenance in WM over a longer timeframe. Deficits in 

participants’ utilization of this prior information would indicate a deficit in longer-term, top-down WM. The 

within-trial structure for all trials across the bespoke AWM task is visually represented in Figure 3. Before 

undertaking these tasks, participants were given options for which computer keys felt most comfortable to 

use and completed a calibration task using the same trial format as the one described previously and 

outlined in Figure 3. In this calibration task, participants were exposed to pairs of auditory stimulus trains 

which had a mean frequency of either 20Hz or 25Hz, as with the experimental trials described later. 

However, in the calibration trials the difference between the frequencies in each stimulus pair became 

progressively smaller block by block, and therefore progressively harder to discriminate. Across four blocks 

of 20 trials which all participants completed with this format, the appropriate level of difficulty was selected 

for each participant, according to a 75% accuracy cut-off, where participants would progress to an 

experiment with the smallest – and therefore hardest – frequency differences where they scored over 75% 

during calibration. This recognised a finding from early pilot runs of the experiment where different pilot 

participants found different frequencies more or less challenging and ensured that participants did not find 

the task too easy or too difficult, which could have undermined the results.  
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Following the calibration task, participants progressed to an experiment where they were exposed to 120 

trials of stimulus pairs, divided into six blocks of 20 trials each. Each trial lasted between three and eight 

seconds depending on participant response time, with each block therefore lasting between 60 and 160 

seconds. Each stimulus pair had a mean frequency of either 20Hz (low frequency pair) or 25Hz (high 

frequency pair). The blocks were comprised of ratios of 50:50, 80:20 and 20:80 with reference to high 

frequency pairs: low frequency pairs. There were two blocks of each ratio, producing three conditions of the 

50:50, 80:20 and 20:80 ratios, with 40 trials in total per condition. This was based on literature which 

indicates that over 30 trials are required to produce the TOE, and pilot data which indicated that 40 trials 

split over two blocks per condition was as effective at producing the TOE as 40 trials per block (see Appendix 

O). The experiment was counterbalanced to control for order effects and participants were accordingly 

randomised into either an ABBA or BAAB design (see Table 1). The 50:50 ratio blocks and five-minute break 

were placed in anticipation of the potential skewing of response accuracy and reaction times in the 20:80 

and 80:20 blocks. Therefore the 50:50 blocks and break were positioned to washout the cognitive biases 

introduced by the tasks before proceeding to the next block. 
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This task was designed to (i) measure implicit simple integration of temporal auditory information in AWM. 

All of the trials of sequential trains of auditory stimuli were presented at a speed that was too rapid for each 

individual stimulus in the train to be fully processed consciously, and the participant was asked to judge 

which train as a whole was of faster frequency (see Figure 4). This depended on parametric AWM processes. 

 

Figure 4. Measure of implicit AWM 

 

 

The task also measured (ii) the impact of prior learning and top-down cognitive processes on AWM across all 

trials. As participants were presented with sequential trains of auditory stimuli which differed in terms of 

frequency within blocks and across trials, the TOE was elicited, which depends on longer term AWM on a 

scale of seconds to 10s of seconds to amaintain auditory information in short-term memory stores while 
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adjusting responses in line with the representation of average frequency across previous trials. This means 

they needed to make use of their learning of the distribution of frequencies and likelihood of changes in 

frequencies when making judgements about the current stimulus trains. This prior learning is thought to 

engage high-order WM processes due to the need to retain information over longer timescales than the 

simple integration level of WM required for individual trial discrimination. 

 

Finally (iii), participants’ variation in performance across different blocks of stimulus trains with varying 

compositions of stimulus frequencies provided a further indication of how top-down processes impact 

on implicit AWM. Differences between blocks where ratios of 50:50, 80:20 and 20:80 were presented 

provided more detailed information concerning the presence and manifestation of the TOE, considering 

different ratios of stimulus frequencies would be expected to produce different outcomes. This would 

elucidate the impact of the TOE on responding across different timeframes (10s of seconds to minutes) 

and with different probabilistic expectations. 

3.2.4.2 Quantitative Outcomes 

3.2.4.2.1 AWM and WM capacity  

In both groups and across experimental conditions, accuracy and reaction time were measured when 

responding to a forced choice concerning which of two trains of auditory stimuli was faster. An overall 

percentage accuracy score was computed for each participant based on correct responses divided by the 

total number of attempted trials, multiplied by 100. A similar calculation was conducted to calculate 

percentage accuracy for the 0-back and 2-back tasks separately. Participant responses were made by 

keyboard press on their own home computer. Accuracy and reaction time were recorded by the Gorilla 

online software which was being used to deliver the experimental trials. This resulted in four Dependent 

Variables (DV) in total, which are described in detail in the Data Processing section. 
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3.2.4.2.2 General WM capacity and effort 

The general WM DV derived from the n-back task was accuracy, captured by the Gorilla online software 

which delivers the task. The general WM DV derived from the WAIS-IV WMI was normed percentile. 

Effort measure captured by the Reliable Digit Span was determined as below or above clinical cut-off 

scores. 

 

3.2.4.2.3 Mental Health covariate data 

The GAD7 and PHQ-9 provided clinical measures of anxiety and depression respectively. Both scales 

provided ordinal outcome data.  

2.2.4.2.4      Data processing  
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The correct responses and reaction time for each AWM task trial were extracted and divided into each of 

the three block types. Percentage accuracy and mean reaction time were calculated for each block, 

according to which stimulus train pair was being presented, and which frequency was being presented first 

within the stimulus train pair. This resulted in four accuracy (%) and four reaction time (milliseconds 

converted to logarithm) scores for each block: stimulus train pairs centred on 20Hz when the slower 

frequency was presented first; stimulus train pairs centred on 20Hz when the faster frequency was 
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presented first; stimulus train pairs centred on 25Hz when the slower frequency was presented first; 

stimulus train pairs centred on 25Hz when the faster frequency was presented first.  

 

Subsequently, the percentage accuracy and reaction time difference for each stimulus train pair was 

calculated across each block and for each participant. This resulted in two accuracy differential scores and 

two reaction time differential scores per block: difference in percentage accuracy and reaction time 

between trials where the slower frequency was presented first and where the faster frequency was 

presented first for trials with the stimulus train pair centred on 20Hz; and then again for the stimulus train 

pair centred on 25Hz. Trials where the first presented frequency was closest to the block mean will be 

termed ‘near’ and trials where the first presented frequency was furthest from the block mean will be 

termed ‘far’ from hereon. The direction of the difference was also calculated with reference to the 

expected, hypothesised direction. For instance, according to the literature on the TOE and the pilot data 

gathered, during the 50:50 condition trials where the stimulus train pairs centred on 20Hz were presented, 

it was expected that accuracy would be lower for trials where the lower frequency was presented first, 

while the reaction time would be higher. If this was the outcome for a participant, their score was recorded 

as a positive number. If an individual’s outcome was the opposite to expectations - for instance in the trials 

mentioned above, the accuracy for trials where the slower frequency was presented first was higher than 

for trials where the faster frequency was presented first or the reaction time was lower - the outcome was 

recorded as a negative number.  

 

Following this, the means across blocks of these relative differential percentage accuracy and reaction time 

scores were calculated for each participant according to the directions of change which were of interest to 

this study. More specifically, the following means were calculated:  
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a. The means across the average relative differential percentage accuracy scores (and 

separately, the differential reaction time scores) in the two 50:50 blocks. This produced the 

condition which will be termed the 50:50 condition from hereon.  

b. The means across (i) the differential percentage accuracy score for the trials centred on 

20Hz in the 80:20 blocks and (ii) the differential percentage accuracy score for the trials 

centred on 25Hz in the 20:80 blocks. This was repeated for reaction times.  This produced 

the condition which will be termed the 20% probability condition from hereon. 

c. The means across (i) the differential percentage accuracy score for the trials centred on 

25Hz in the 80:20 blocks and (ii) the differential percentage accuracy score for the trials 

centred on 20Hz in the 20:80 blocks. This was repeated for reaction times. This produced 

the condition which will be termed the 80% probability condition from hereon. 

In summary of the above, the DVs produced in this experiment were (i) differential percentage accuracy 

scores and (ii) differential reaction time scores. The independent Variable (IV) was the stimulus train pair 

probability, which had three levels (i) 50:50 condition, (ii) 80% condition and (iii) 20% condition. 

 

4. Statistical Considerations 

4.1. Sample size 

For  analysis relating to the within-subjects factor with three levels, stimulus train pair probability: With 

regards to the repeated measures ANOVA required for validating the measure of longer-term, top-down 

AWM processes (hypothesis 1), a sample size of 15 was required, to detect a large effect (f=0.8) at 80% 

power and an alpha of 0.5 with a 2-tailed hypothesis. Hellstrom & Rammsayer (2015) found that the TOE in 

within-subjects analyses across two distinct experiments was produced with large effect sizes, warranting 

the large effect size. This study aimed to recruit 17 participants with FM to ensure robust findings. In 

addition, the experiment was repeated in a control group of 17 HCs to test reproducibility. An additional 
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within-subjects analysis was also conducted by pooling all participants across patient and HC groups, which 

was suitable for detecting a medium effect size (f=0.50) at 80% with an alpha of 0.5 and a 2-tailed 

hypothesis. This analysis compared conditions where participants responded to stimuli designed to produce 

a standard TOE to conditions where stimuli were presented which were designed to produce increased or 

decreased magnitudes of the TOE (described in more detail in the Materials section). 

 

For analysis relating to the between-subjects factor with two levels, which was experimental group (FM and 

HC): With regards to the between-groups analysis of differences in WM and AWM capacity when comparing 

patients and HCs (hypothesis 2), as well as between groups differences in top-down AWM processing 

(hypothesis 3) and correlations between outcomes (hypothesis 4) statistical significance was not sought, as 

its purpose was to provide pilot data and indications of effect size. As such, a control group of 17 healthy 

participants was recruited to match the experimental group, making a total of 34 participants. 

 

4.2. Data processing 

The Gorilla online software produced a spreadsheet for each participant, for the n-back task and the AWM 

task separately. Overall percentage accuracy on the AWM task was calculated initially and any participants 

who scored below 50% were excluded from the analysis, as their scores were at or below chance. This 

resulted in data from two HCs and one participant with FM being excluded from the analysis. It was also 

noted that one participant with FM’s age had been improperly recorded at the screening stage, and they 

were in fact outside the inclusion age range. This participant’s data was excluded, meaning 30 participants 

were included in the final analysis, 15 in each of the FM and HC groups.  

 

Results 

1. Demographic, mood and fatigue data gathered at the start of the study is presented in Table 2.  
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Table 2. Demographic mood and fatigue information 

 

Participants in the FM group generally had higher depression and anxiety scores, as well as reporting 

greater fatigue at the time of testing. An independent samples t-test indicated that on the GAD7 the 15 

participants in the FM group (M=9.3, SD=4.8) reported significantly higher scores compared to the 15 

participants in the HC group (M=1.7, SD=1.8), t(28)=5.755, p<0.001. A further independent samples t-

test indicated that on the PHQ9 the FM group (M=12.9, SD=4.7) reported significantly higher scores 

compared to the HC group (M=2.7, SD=3.1), t(28)=7.038, p<0.001. 

 

2. Data analysis:  

2.1. Initial one sample t-tests were computed for the accuracy and reaction time differential scores in 

the 50:50 condition to determine whether they were significantly different to the null hypothesis 

that there is no difference between the 50:50 condition and zero. This was conducted to check the 

validity of the task in that the standard TOE as described in the literature was produced by the task 

before moving to specific hypotheses for this study. The results of these t-tests are summarised in 

Table 3. 
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 Across both groups combined, the accuracy and response time differential scores were in line with the 

hypothesised directions. These findings were consistent across FM and HC groups separately. These findings 

indicate that the experiment was successful in producing the baseline standard TOE across FM and HC 

groups, using measures of accuracy and reaction time.  

 

2.2. To test hypothesis one, regarding within-subjects top-down cognitive process effects on AWM: 

Mixed and repeated measures ANOVAs to analyse within-subjects differences in response accuracy 

and reaction times, with group included as a between-groups factor in the analysis where the 

clinical and control groups are pooled, between the 50:50, 20% probability and 80% probability 

conditions.  

 

2.2.1. Combined Group ANOVA 

Initial tests of assumptions indicated that accuracy and reaction times data in all conditions were normally 

distributed and met assumptions of sphericity.  

 

2.2.1.1. Accuracy outcomes  
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A mixed ANOVA was conducted where the within-subjects factor was experimental condition and the 

between-subjects factor was experimental group. There was no significant main effect of group, F (1, 28) 

=0.17, p=0.683. The within-subjects results showed that the accuracy differential score differed significantly 

across the conditions with varied probability of stimulus pair occurrence [F(2, 56)=3.115, p=0.05] with a 

medium to large effect size (η2=0.101). Post hoc tests (see Table 4) using the Bonferroni correction revealed 

that the accuracy differential score reduced significantly by 8.92 points in the 80% probability condition 

compared to the 50:50 condition, with a medium effect size. There was non-significant reduction by 1.67 

points from the 50:50 condition to the 20% probability condition with a negligible effect size. There was no 

significant interaction between group and variation in TOE effects across conditions F(2,56)=0.06, p=0.941 

with a negligible effect size (η2 =0.002). This effect tells us that varying the probability of stimulus pairs had 

an effect on the magnitude of the TOE regardless of group.  

 

 

2.2.1.2. Reaction time Outcomes 

A mixed ANOVA was conducted where the within-subjects factor was experimental condition and the 

between-subjects factor was experimental group. There was no significant main effect of group 

F(1,28)=2.22, p=0.147. The within-subjects results showed that the reaction time differential score did not 

differ significantly across the conditions with varied probability of stimulus pair occurrence [F(2, 58)=2.846, 
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p=0.073] and there was a medium effect size (η2=0.089). While non-significant statistically (see Table 5), the 

reaction time differential score increased by 0.014 points in the 80% probability condition compared to the 

50:50 condition, with a medium effect size. The reaction time differential score decreased by 0.006 points in 

the 20% probability condition compared to the 50:50 condition, with a small effect size. Overall this pattern 

of results was in the expected direction although not statistically significant. There was no significant 

interaction between group and variation in TOE effects across conditions [F(2,56)=0.019, p=0.981) with a 

negligible effect size (η2=0.001). 

 

 

 

2.2.2. FM Group ANOVA 

Initial tests for assumptions indicated that all conditions were normally distributed and met assumptions of 

sphericity for accuracy and reaction time.  

 

2.2.2.1. Accuracy  

A repeated measures ANOVA showed that the accuracy differential score did not differ significantly across 

the conditions with varied probability of stimulus pair occurrence [F(2, 28)=1.851, p=0.176,] with a medium 

to large effect size (η2=0.112). As displayed in Table 6, the accuracy differential score decreased by 8.98 
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points in the 80% probability condition compared to the 50:50 condition, with a medium effect size. The 

accuracy differential score decreased by 0.56 points in the 20% probability condition compared to the 50:50 

condition, with a negligible effect size.  

 

 

2.2.2.2. Reaction Times  

A repeated measures ANOVA showed that the reaction time differential score did not differ significantly 

across the conditions with varied probability of stimulus pair occurrence [F(2, 28)=1.123, p=0.339] with a 

medium effect size (η2=0.074). As outlined in Table 7 the reaction time differential score increased by 0.014 

points in the 80% probability condition compared to the 50:50 condition, with a small to medium effect size. 

The reaction time differential score decreased by 0.08 points in the 20% probability condition compared to 

the 50:50 condition, with a small effect size.  
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2.2.3. HC Group ANOVA 

Initial tests for assumptions indicated that all conditions were normally distributed and met assumptions of 

sphericity for accuracy and reaction time.  

 

2.2.3.1. Accuracy  

A repeated measures ANOVA with sphericity assumed showed that the accuracy differential score did not 

differ significantly across the conditions with varied probability of stimulus pair occurrence [F(2, 28)=1.451, 

p=0.252] with a medium to large effect size (η2=0.094). As displayed in Table 8 the accuracy differential score 

decreased by 8.859 points in the 80% probability condition, compared to the 50:50 condition, with a 

medium to large effect size. The accuracy differential score decreased by 2.77 points in the 20% probability 

condition, compared to the 50:50 condition, with a small effect size.  
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2.2.3.2. Reaction times 

A repeated measures ANOVA with sphericity assumed showed that the reaction time differential score did 

not differ significantly across the conditions with varied probability of stimulus pair occurrence [F(2, 

28)=1.995, p=0.155], with a medium to large effect size (η2=0.125). As displayed in Table 9 the reaction time 

differential score increased by 0.013 points in the 80% probability condition compared to the 50:50 

condition, with a medium effect size. The reaction time differential score increased by 0.005 points in the 

20% probability condition compared to the 50:50 condition, with a small effect size.  

 

 

 

 

2.3. To test hypothesis 2, regarding between-groups analysis of WM capacity. Descriptive statistics for 

between-group differences, with further analysis of effect size using Cohen’s D. 



   
 

 103 

 

The results in Table 10 suggest that the FM group performed more poorly on clinical and experimental 

measures of WM than HCs in this experiment. It should be noted that the FM group were still in the average 

range overall for the WAIS-IV WMI, which has a normative mean of 100 and SD of 15. 

 

 

 

 

2.4. To test hypothesis 3, regarding variance in AWM which is explained by WM performance. 

Performance across experimental conditions and groups, and within each group in terms of reaction times 

on experimental tasks measuring AWM was correlated with performance on the WAIS-IV WMI and n-back 

task, which measured WM. A further analysis of the correlation between the difference between accuracy 

differential scores in the 50:50 and 80% probability conditions was also calculated as this variation is 

hypothesised to be related to AWM. Descriptive statistics and effect sizes are presented as preliminary 

analysis.  

 

As presented in Table 11, a Pearson’s product moment correlation between overall AWM task mean 

reaction times and percentage accuracy on the 2-back task showed a negligible effect size for both groups 

combined, a small effect in the FM group and a negligible effect in the HC group. A Pearson’s product 
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moment correlation between overall AWM task mean reaction times and WAIS-IV WMI score for both 

groups combined showed a negligible effect for both groups combined, a negligible effect in the FM group, 

and a small effect in the HC group. Similar results were found for the correlation analysis of accuracy 

differential score differences between the 50:50 and 80% conditions (where 80% probability condition 

differential scores were subtracted from 50:50 condition differential scores for each participant). Negligible 

or small effect sizes were found across FM, HC and combined group analysis, for associations between AWM 

accuracy differential score differences and both the 2-back and WAIS-IV WMI. These findings suggest that 

performance on the AWM task was only weakly associated with WM performance and there is a level of 

independence between AWM and WM performance. 

 

 

 

2.5. To test hypothesis 4, regarding validation of experimental measure of general WM capacity. 

Consistency between experimental (2-back task) and clinical (WAIS-IV WMI) measures of WM was analysed 

using regression analysis (Pearson’s product moment correlation coefficient).  

A Pearson’s product moment correlation coefficient between percentage accuracy on the 2-back task and 

WAIS-IV WMI score showed a large effect r(28)=0.58, p<0.001. When 0-back task percentage accuracy was 
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included as a covariate to control for individual differences in sustained attention capacity, this correlation 

coefficient still showed a large effect r(28)=0.52, p<0.01. 

 

2.6. Correlation between measures of depression and WM 

Although not one of this study’s primary aims, a correlation between PHQ-9 and both WAIS-IV WMI 

index (auditory-verbal WM measure) and 2-back accuracy scores (visual WM measure) were calculated 

to add further evidence to the previously reported systematic review. This analysis found that in the FM 

group (n=16), the correlation coefficient showed a medium negative effect between the PHQ-9 and 

WAIS-IV WMI r(14)=-0.34, p=0.194 and a medium negative effect between the PHQ-9 and 2-back 

r(14)=0.28, p=0.3. This analysis was not sufficiently powered to detect statistical significance for a 

medium effect size, but the effect sizes and directionality suggest a relationship between depression 

and WM in FM, where increased depression scores are associated with decreased WM scores. 

Interestingly, considering the findings from the systematic review, there was little difference in the 

effect size when correlating auditory-verbal or visual measures of WM with depression.  

 

 

Discussion 

This study had a primary aim (1) of developing and validating a novel measure of ‘top-down’ AWM by 

measuring its external population validity and internal construct validity. It had further aims to (2) 

provide preliminary data regarding between-groups differences in AWM capacity and the relationship 

between established measures of general WM and the novel measure of longer-term AWM, which 

would provide evidence towards concurrent validity of the novel measure and (3) provide preliminary 

evidence regarding the association between clinical and experimental measures of WM. The results 
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suggested that there was some evidence that top-down cognitive processes did influence parametric 

memory processes across both groups combined, thus supporting hypothesis one and providing 

evidence that the novel measure has construct validity. There was further evidence that the findings of 

‘top-down’ cognitive processes influencing parametric memory processes were consistent across groups 

using group means and effect sizes, further supporting hypothesis one and indicating that the measure 

has good population validity. The results suggested that there was a negligible association between the 

novel measure of AWM and the established measures of general WM, against the predictions of 

hypothesis 3, which suggested some issues with regards to the concurrent validity of the novel measure, 

which are discussed below. There was further evidence that the WAIS-IV WMI and n-back task were 

positively correlated, supporting hypothesis 4 , and that there was some preliminary evidence of 

differences between experimental and control groups in WM and AWM capacity, which supported 

hypothesis 2. 

 

The findings fit with past research to an extent. With regard to the standard TOE which has been 

frequently described in the literature (Harrison et al., 2017), the current study consistently produced an 

auditory version of this phenomenon, across both groups separately and combined. While this was not 

the novel aspect central to the measure developed for this study, it was important to demonstrate that 

the baseline aspect of the measure produced outcomes consistent with extant TOE literature. This was 

to ensure that the WM processes involved in the TOE were at least evoked in the conventional manner 

before evaluating whether the extensions developed herein could be considered comparable to this 

baseline. In addition, there was preliminary evidence that participants with FM scored more poorly on 

clinical and experimental measures of WM than HCs in line with the literature (Glass, 2008), with 

medium to large effect sizes found. As frequently reported (Berryman et al., 2013), WM is an area of 

cognitive difficulty which is often found in FM populations, so while the current study was not powered 
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to detect statistical significance for the between-groups analysis, this preliminary outcome was 

expected. It is also important to note that this evidence of reduced general WM capacity in the FM 

group was quite subtle, which also fits with the existing literature. As even subtle deficits in WM can 

lead to significant functional difficulties, these findings are potentially clinically relevant. While this study 

was not powered for robust between-groups analysis, ratings of fatigue, depression and anxiety were 

elevated in the FM group which is consistent with a large body of literature which indicates that these 

difficulties are often secondary symptoms occurring in the context of CP including FM. These difficulties 

may have further contributed to the relative deficits on the general measures of WM. There was also 

preliminary evidence of increased difficulties for participants with FM compared to HCs on the AWM 

task, with longer reaction times which may indicate it was more effortful. As this finding related to the 

novel measure, this study extended the current literature by producing evidence that participants with 

FM have some subtle difficulties with longer-term AWM, which as the introduction outlined, is not a 

dimension of WM which has been studied previously. Considering the young literature base 

characterising the precise nature of WM difficulties which have been widely reported in FM, this is a 

valuable finding which suggests that one dimension of WM which is compromised in FM is longer 

timescales. As discussed further in this section, this can inform clinical practice if further research 

confirms these primary findings. 

 

While the outcomes summarised above fit with the literature, the main hypothesised outcome for the 

study did not completely transpire in terms of statistical significance, which was that blocks with varying 

compositions of stimulus train frequencies would produce differing response patterns across groups 

separately and combined. This was because while there was a significant difference between conditions 

in the combined FM and HC group, there was no significant finding in each of those groups separately. 

This was a novel task, so this lack of consistent statistically significant outcomes does not directly 
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contradict the literature. However, it was based on the general TOE literature, in particular the concept 

that the human brain comes to anticipate the mean of four stimulus frequencies. As such, the failure to 

produce statistically significant outcomes across the different groups separately with regard to the 

anticipated perceptual biases when the mean of four stimulus frequencies was manipulated across 

conditions was unexpected. The lack of statistically significant difference and negligible effect size when 

comparing the 50:50 and 20% probability conditions was particularly unexpected.  

Despite failing to reach statistical significance across all of the FM, HC and combined groups, there was a 

significant difference between the 50:50 and 80% probability conditions for the combined group for task 

accuracy, in the expected direction. This suggests that the novel measure developed for this study was 

partially able to produce different outcomes across conditions where the probability of stimulus train 

frequencies was manipulated. As such, it can be concluded that when participants across both groups 

combined were exposed to stimulus train pairs with 80% frequency, there was a statistically significant 

reduction in the TOE compared to the standard 50:50 TOE. This suggests an influence of top-down AWM 

processes across 10s of seconds to minutes on parametric AWM processes as hypothesised.  

However, the lack of a significant difference between the 20% probability condition and the 50:50 

condition does not directly support the idea that top-down AWM processes influenced automatic AWM 

processes, particularly as the means of the two conditions suggest that there was a slight reduction in 

TOE magnitude compared to the standard TOE, against predictions. However it does not necessarily 

contradict the theory, as there are the following factors to consider. It is possible that the lack of 

difference between 50:50 and 20% probability conditions is due to the low number of trials in the 20% 

probability condition, with only four per block, and only two trials per block in which it was hypothesised 

that discrimination ability would be negatively affected by top-down AWM processes. This means that 

when participants found it hard to discriminate between some stimulus train pairs, they may be able to 

score relatively high by chance, meaning that there was a potentially large impact of random noise. The 
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low number of trials in the 20% probability condition was chosen to reduce the load on participants, 

both for their well-being and also to minimise the impact of attentional or cognitive fatigue effects on 

performance. In future studies, a higher number of trials in the 20% probability condition may be 

required to produce the TOE variation as hypothesised, if one exists.  

An alternative explanation for the failure to find an increased TOE in the 20% probability condition is 

that the mean frequency across all four frequencies in these blocks moved too far from the frequency 

pairs which occurred with 20% frequency. This could have meant that, in those frequency pairs, as the 

frequency which was closest to the block mean was further away from the mean than it was in the 50:50 

condition, its relative change in comparison to the frequency which was furthest away from the mean 

was reduced. As such, the perceived difference between the two frequencies in these pairs may not 

have been as pronounced as hypothesised. For example, in the 80:20 (fast pair: slow pair) ratio blocks, 

the mean of the frequencies over the block was 24Hz, in comparison to 22.5Hz in the 50:50 ratio blocks. 

The composition of the trial frequencies remained the same across these blocks, for instance the slow 

pair may have consisted of 19Hz and 21Hz in both the 50:50 and 80:20 ratio blocks. While the 19Hz 

stimulus was now further from the overall mean of 24Hz, the 21Hz train was also further from 24Hz, so 

may not have produced enough of an exaggerated perceived difference compared to the 19Hz train for 

the hypothesised effect.  

It should be noted that the effect size found for all of the group analyses was moderate, and the power 

calculation for this study was based on a large effect size. As such, it is possible that the significant 

outcome in the combined group was due to the larger sample being able to detect a smaller effect size 

than anticipated. As there was no significant interaction of group and experimental condition, the 

groups, while clinically distinct, did not differ substantially in terms of their outcomes on the longer-term 

AWM novel measure. While a preliminary outcome, this may suggest that the findings of the combined 

group are indicative of what the outcomes might be if each group was doubled in size. Indeed, the initial 



   
 

 110 

power calculation indicated that a group of 30 would be sufficient to detect a medium effect size. As 

such, larger sample sizes for the FM and HC groups may reach statistically significant differences 

between the conditions. The literature used to determine the sample size for this study concerned 

general WM, but the effect sizes found in this study can be used to determine more accurate sample 

sizes for AWM specifically in future studies.   

Considering the potential impact of sample size on the study findings, it is worth considering whether 

there were any consistent findings with regards to effect sizes and condition means across the groups 

separately and combined. All of the ANOVAs conducted indicated a medium effect size of the condition 

for the groups separately and combined. Post-hoc analysis indicated that there was generally a medium 

effect size when comparing the 50:50 condition to the 80% probability condition on measures of both 

accuracy and reaction time differential scores. The condition means across groups and combined were 

consistent in showing that there were decreased TOE effects in terms of both reaction time and 

accuracy in the 80% condition compared to the 50:50 condition. There was also consistent evidence that 

there were negligible or only small effect sizes when considering differences in accuracy and reaction 

time differential scores between the 20% probability and 50:50 conditions. The means of the 50:50 and 

20% probability conditions suggested that any small differences were either away from the 

hypothesised direction or only slightly in the direction predicted. These consistent trends suggest that 

the novel measure of AWM is producing and detecting replicable results across groups which are partly 

in line with expectations. As such, the findings have good external population validity with regards to 

the hypothesised outcomes which transpired, while not detecting the full extent of the expected 

outcomes. As the findings were partly in line with the hypothesised outcomes for the novel measure, it 

can be said that there is some evidence towards its construct validity, although alterations such as those 

described above for the 20% condition may be beneficial to confirm this in future studies. 
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While evidence of population and construct validity is encouraging, it is important to note that the 

attempt to detect preliminary evidence of concurrent validity was not successful. While this may indeed 

indicate that the measure does not have good concurrent validity, it should be noted that the novel 

measure was developed specifically because there is no current measure of WM on a scale of 10s of 

seconds to minutes. As such, the tests which were used to correlate the novel measure against by 

definition assess different constructs, as they measure WM on a scale of a few seconds. It was expected 

that there would be some correlation as these constructs are inter-dependent, but the lack of 

concurrent validity found here may reflect the fact that these constructs are more distinct than 

hypothesised. This could be argued to further indicate the need for the novel measure developed 

herein, as it provides a means of measuring a distinct construct which is not currently covered by 

existing tests. 

Although there was no evidence of a mean difference in top-down effects on AWM between groups, 

there was a high degree of variability within the FM group, which may indicate individual differences 

that would be of interest for further study to identify if they have clinical implications. Standard 

interventions for FM don’t routinely offer neuropsychological assessment or intervention for cognitive 

deficits (Wilson, 2017). Other contexts for clients with cognitive difficulties offer cognitive remediation 

with good outcomes for cognitive functioning including WM in patients with schizophrenia (Wykes et al., 

2018), with additional benefits for wider outcomes such as: improved self-esteem in schizophrenia 

patients (Wykes et al., 2018); reduced anger in people with a diagnosis of ADHD (Stevenson et al., 2002); 

reduced anxiety and depression and improved quality of life in people who have suffered an acquired 

brain injury (Tiersky et al., 2005; Bjorkdahl et al., 2013). In other contexts where cognitive deficits are 

commonplace, bespoke intervention is guided by appropriate neuropsychological assessments, which 

have been validated for use in these populations and is guided by the literature on cognitive deficits in 

these populations (Podell et al., 2010). Developing cognitive measures which are validated in the FM 
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population and based on robust literature would therefore be expected to improve assessment and 

intervention in pain management services.  

The current study has developed the first measure of AWM on a scale of 10s of seconds to minutes, and 

demonstrated that it has good external validity with regards to population generalisability, as well as 

evidence towards establishing construct validity.  The current study is early-stage research, as it 

attempts to develop a measure for a cognitive process which has until now not been researched or 

assessed clinically in FM. As such, although the establishment of good population validity and indications 

of construct validity are important steps, the measure requires further steps in terms of validation and 

also establishing reliability before it can be widely implemented in research or clinical settings. If further 

research does build on the validity demonstrated in this study, and further validity and reliability is also 

established for this measure, it would open up possibilities for clinical research and practice. As there is 

currently a lack of specificity concerning the nature of WM deficits often found in FM, the initial purpose 

of this measure would be to contribute to clinical research, by enabling investigation of which timescale 

of WM is affected in FM. This novel measure is of WM on a longer timescale than existing measures of 

WM, involving different brain regions and levels of cognitive complexity. As such, this measure would be 

able to more precisely characterise the profile of WM deficits in FM, which is a key area of cognitive 

difficulty for this population, and may ultimately inform clinical practice.  

In clinical settings for other populations with cognitive deficits, direct cognitive rehabilitation treatments 

have been successful for improving WM capacity for people after a stroke or Traumatic Brain Injury (TBI; 

Elliott & Parente, 2013), where cognitive function is targeted through exercises and training. 

Compensatory strategies for WM deficits are also widely used to support WM, for instance learning to 

‘chunk’ information into smaller components improves WM in samples with Alzheimers’ disease 

(Huntley et al., 2011) and modifying or simplifying the environment after a TBI can support WM 

(Headway, 2009). Considering the evidence of cognitive difficulties, particularly with WM, in FM, 
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interventions such as these may also be beneficial. If further research using the measure developed in 

this study can establish that the WM difficulties frequently reported by people with FM are at a 

relatively long timescale in comparison to controls, clinicians would be able to develop interventions 

which support WM at this longer timescale.  Such interventions could focus on strategies which have 

been demonstrated to support longer-timescale, top-down WM in other clinical populations, for 

example, learning to connect information into more meaningful chunks, which has been demonstrated 

to support retention of longer strings of information in WM over a longer time by exploiting wider 

cognitive processes (Baddeley, 2000). Conversely, if research using this novel measure does not find 

evidence of WM difficulties at a longer timescale for people with FM, clinicians might instead focus on 

interventions for WM deficits at a shorter timescale. This might involve environmental management to 

minimise cognitive load, or breaking information down into smaller components to facilitate early stage 

information encoding (Wilson, 2018). Although there has not been any research into the effects of 

intervention for WM deficits in CP on wider emotional wellbeing and daily functioning, improvements in 

WM have been found to improve engagement in activities of daily living and return to work in mild TBI 

(Vallat-Azouvi et al., 2009). It could therefore be anticipated that intervention which supports WM 

appropriately in FM would have benefits for their quality of life. As the precise characterisation of WM 

deficits widely reported in FM is currently unclear, it would be valuable for clinical practice to 

understand this profile in more detail, to make service provision more efficient by guiding intervention 

more accurately. If further evidence of validity and reliability is established, the measure developed in 

this study will contribute to research which will refine the evidence base, with implications for clinical 

practice and client wellbeing as described. The finding of good population validity and construct validity 

is an important first step towards this end goal.  

While the measure will initially benefit clinical research, it could also be used as an assessment in clinical 

settings ultimately. Neuropsychological assessments are used by Clinical Psychologists across a wide 
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range of settings, to understand the nature of individual clients’ cognitive difficulties and to inform 

bespoke interventions (Harvey, 2012). As current measures of WM used in clinical settings assess WM 

on a timescale of a few seconds, but it is known that WM operates up to a timescale of minutes, there is 

currently a gap in clinical assessment tools for this type of WM. If the measure developed in this study is 

subsequently demonstrated to have further evidence of internal validity, external validity and reliability, 

normative data could be developed to provide reference points for mean TOE variation and standard 

deviations. As with other neuropsychological assessments, this would enable assessment of individuals 

in clinical settings for WM deficits on a timescale of 10s of seconds to minutes, permitting more 

personalised interventions (Harvey, 2012). The measure developed herein takes between 30-50 minutes 

to complete, in line with many existing neuropsychological assessments, and would only require a 

computer with an internet connection. A number of neuropsychological assessments have been adapted 

for computerised use recently, so this novel measure would fit with existing methods already employed 

by clinicians.  

Furthermore, uncertainty about the causes of their condition is often reported by clients with FM (Reich 

et al., 2006), which can cause psychological distress (Mast, 1995). Understanding the neuropsychological 

profile of FM in more detail would provide clients with greater certainty around their condition with 

anticipated benefits for their psychological well-being. This study has provided some new insights about 

the neuropsychological profile of FM. In particular, there is preliminary evidence of a moderate effect 

size for differences in AWM reaction time. This suggests the new finding that AWM may be more 

effortful for people with FM than HCs. However, this finding needs to be examined further in larger 

samples as the above analysis is not sufficiently powered in this study. 

 

Limitations 
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The study was initially planned to be conducted in a lab setting with researchers present. Due to the 

COVID-19 pandemic and associated restrictions in the UK, the study was changed to an online project. 

As such, there were many unknown variables while participants completed the experiment in their own 

homes. Multiple phone and video calls with each participant were initiated to ensure they had an 

appropriate set-up and to emphasise the appropriate environment requirements. There were also 

questionnaires at the end of each task to check participant progress and ask about any distractions. 

However, the data is likely to be poorer quality than it would have been in a lab setting.  

The change to an online study also required participants to be relatively confident in their own 

computer literacy skills. Several participants withdrew due to anxiety about using computer equipment. 

Furthermore, it is possible that potential participants with anxiety about their cognition may have 

avoided the experiment, which may mean that relative difficulties with WM and AWM for people with 

FM indicated in this report may be an underestimate. However, it may also have been possible that 

participants with decreased mobility or anxiety about leaving home were more likely to take part in this 

online version. A more representative sample, including both in-person recruitment from clinical or 

support group settings when possible (COVID-permitting) and online recruitment, may be more accurate 

than the sample herein who were only recruited remotely and thus needed greater personal initiative to 

participate. Also, as the computer experiment took 30-40 minutes, participants with pain or discomfort 

when sitting may have been put off, despite regular break points integrated into the experiment. As 

such, the invitation to participate may have been more appealing to a self-selecting group of 

participants with greater confidence in their computer and cognitive skills, and with less physical 

discomfort in sitting.  

 

Recommendations for future research 
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Due to the findings which suggested that the variation in TOE was partially produced when both groups 

were combined, but not when analysed individually, it is recommended that the measure is tested with 

a larger sample of both the FM and HC groups. This could make use of the effect sizes found in this study 

to conduct a new sample size calculation appropriate to AWM. This would elongate the experiment 

however and would need to be developed with patient groups to ensure that it is acceptable and would 

not be significantly impacted upon by difficulties with sustained attention or fatigue. Furthermore, the 

experiment may benefit from being conducted in a lab setting, to minimise distractions or other 

confounding factors, and standardise the equipment used. 

The findings were partly in line with the hypothesised patterns of results, which provided evidence 

towards internal construct validity, and a repeated measures design was used which reduced the impact 

of extraneous variables, which would be expected to improve internal validity. However, a next step for 

this measure would be to further establish internal validity through targeted research. Future studies 

could aim to provide evidence that the measure outcomes correlate with established measures of WM 

which have not been attempted in this study for example, which would suggest that the novel measure 

does have concurrent validity. As the established measures used in this study to investigate concurrent 

validity of the novel measure assessed WM on a short timescale, it would be important to use one which 

taps into longer-term WM. Although no other measures exist which assess WM at the same timescale as 

the novel measure (hence the need for it), there are some which assess WM at a longer timescale than 

the WAIS-WMI and n-back. For example, complex span tasks have been argued to access WM processes 

on a longer timescale than other measures including the n-back (Wilhelm et al., 2013), and may be a 

more appropriate reference for the novel measure. Additionally, future studies could assess whether 

the measure outcomes accurately predict whether difficulties identified are associated with poorer 

clinical outcomes which are known to be related to WM, which would evidence predictive validity. As 

another means of assessing internal validity, asking participants in future studies to rate their 
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perceptions of whether the novel measure appears to measure longer-term AWM would provide some 

indication of whether the measure has face validity (Hardesty & Bearden, 2004). It would also be 

beneficial to establish whether the measure has wider external validity, for example by repeating the 

measure using the same procedure but in different contexts and at different times. 

 

Conclusion 

This study has developed and provided initial evidence of population and construct validity for a novel 

measure of AWM on a scale of 10s of seconds to minutes for use in FM. In addition, it has provided 

preliminary evidence that tasks involving AWM may be more effortful for people with FM than HCs, as 

well as preliminary evidence of a positive correlation between clinical and experimental measures of 

WM. The novel measure of AWM can be used for assessment in clinical settings and for further research 

into this topic. The new preliminary findings regarding more effortful AWM in FM need further research 

with larger samples, before potentially being used to inform interventions and reduce uncertainty in FM 

populations. 
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